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Attorneys for Plaintiff Quide! Corporation
UNITED STATES DI T ¢
S S DISTRICT COURT ‘ ﬁo /
SOUTHERN DISTRICT OF CALIFORNIA . /
QUIDEL CORPORATION, Case N} HL)
ra ) csNACY 0378 L(LS
Plaintiff, )
) COMPLAINT FOR PATENT
Vs, } INFRINGEMENT AND DECLARATORY
) RELIEF
INVERNESS MEDICAL INNOVATIONS, )
INC., INVERNESS MEDICAL ) DEMAND FOR JURY TRIAL
SWITZERLAND GmbH, APPLIED )
BIOTECH, INC., and ARMKEL, LLC, )
)
Defendants. )
)
Plaintiff Quidel Corporation (“Quidel™) alleges as follows:
INTRODUCTION
1. Quidel is a leading provider of diagnostic test devices for the detection and

management of a wide variety of medical conditions and illnesses and is based in this district.
Diagnostic products developed, manufactured, and sold by Quidel meet important medical needs
for consurners requiring detection or monitoring of pregnancy, infectious diseases, osteoporosis,
and other conditions. Through its independent innovation and its investment of considerable
resources on research and development over many years, Quidel has developed its own proprietary
technology, including important aspects of lateral flow technology for diagnostic test devices.

Quidel has obtained numerous U.S. and foreign patents that protect its investment in this
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2. On information and belief, Inverness Medical Innovations, Inc. (“Invemess™) is a
large, multinational conglomerate corporation that has recently acquired a large number of
businesses, patents, and patent licenses in the diagnostic test field. On information and belief,
Inverness has placed ownership of the patents and patent licenses that it has acquired in its wholly-
owned, patent-holding subsidiary, Inverness Medical Switzerland GmbH (“IMS”). On
iﬁoMon and belief, Inverness has adopted a policy and strategy of filing patent infringement
lawsuits against any and all of its competitors in the diagnostic test field, and it has used litigation
and threats of litigation to expand its market share, reduce competition, provide leverage in
negotiations with parties it has not yet sued, and acquire even more test device providers and their
patents and patent licenses.

3. Quidel brings this case to prevent the unauthorized use by Inverness and one of its
subsidiaries of Quidel's innovative, patented technology, and to remove the cloud of uncertainty
that Inverness has wrongfully cast over Quidel's diagnostic test devices and business.

THE PARTIES

4, Plaintiff Quidel is a Delaware corporation with its principal place of business at
10165 McKellar Court, San Diego, California 92121,

5. On information and belief, Inverness is a Delaware corporation with its principal
place of business at 51 Sawyer Road, Waltham, Massachusetts 02453, and was and is, at all times
material hereto, doing business in this judicial district.

6. On information and belief, IMS is a Swiss corporation with its principal place of
business at Bundesplatz 10, 6300 Zug, Switzerland. On information and belief, IMS is a wholly-
owned subsidiary of Inverness, serves as a patent-holding subsidiary under Inverness' control, and
holds patents under which Inverness operates in this district.

7. On information and belief, Applied Biotech, Inc. (“ABI”) is a California
corporation with its principal place of business at 10237 Flanders Court, San Diego, California
92121, and was and s, at all times material hereto, doing business in this judicial district. On

information and belief, ABI is a wholly-owned subsidiary of Inverness.
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8. On information and belief, Armkel, LLC (“Armkel”) is a Delaware corporation
with its principal place of business at 469 North Harrison Street, Princeton, New Jersey 08540,
and was and is, at all times material hereto, doing business in this judicial district.

JURISDICTION AND VENUE

9. This is an action for patent infringement arising under the United States Patent Act,
35U.8.C. § 101 er seq., and for declaratory relief arising under 28 U.S.C. §§ 2201-02. This Court
has subject matter jurisdiction under 28 U.S.C. §§ 1331 and 1338(a).

10.  Venue in this district is proper under 28 U.S.C. §§ 1391(b) and (c) and 1400(b),
because, among other reasons, the Defendants reside in this district, have regular and established
places of business in this district, and/or have committed and are committing acts of infringement
in this district. A substantial part of the acts and omissions giving rise to Quidel’s claims occurred
in this district. A substantial part of the property that is the subject of the action is situated in this
district.

GENERAL ALLEGATIONS
Quidel’s Technology and Patent-In-Suit

11.  Quidel is the owner by assignment of all right, title and interest in and to United
States Patent No. 4,943,522 (“the *522 patent”), entitled “Lateral Flow, Non-Bibulous Membrane
Assay Protocols,” which was duly and legally issued on July 24, 1990. The first named inventor
of the *522 patent is Robert W. Eisinger. A copy of the *522 patent is attached as Exhibit A.

12.  Quidel developed the invention patented in the *522 patent during the 1980s, and
has continued to innovate since then in the field of diagnostic test devices. Quidel sells diagnostic

test devices in the U.S. and abroad that embody the invention of the *522 patent.

Inverness’ Acquired Patents and Patent Licenses
13.  Incontrast to Quidel's history of innovation in the diagnostic test field, on
information and belief, over the last three years, Inverness, itself and through its wholly-owned

subsidiaries, has conducted a campaign to acquire diagnostic test companies, technology, patents,
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and patent licenses, and has asserted the patents it has acquired to prevent other companies from
providing competitive products in the diagnostic test device field.

[4.  On information and belief, on or about September 2002, Inverness purchased
Wampole Laboratories, LLC and related intellectual property, including licenses to certain patents
of which Armke! is the owner by assignment. Inverness transferred these exclusive licenses with
respect to certain aspects of the following patents to its patent-holding subsidiary IMS:

United States Patent No. | Issue Date - Title

(First Inventor)

6,485,982 November 26, 2002 | “Test Device and Method for Colored Particle
(David E. Charlton) Immuncassay”

5,989,921 Nbvember 23, 1999 | “Test Device and Method for Colored Particle
(David E. Charlton) Immunoassay™

5,714,389 February 3, 1998 “Test Device and Method for Colored Particle
(David E. Charlton) Immunoassay”

15.  On information and belief, in or about 2001, Inverness purchased Unipath Ltd.,
affiliated entities, and related intellectual property, and assigned the following patents to its patent-
holding subsidiary IMS:

United States Patent No. | Issue Date Title

6,352,862 March 5, 2002 “Analytical Test Device for Imuno Assays [sic,

(Paul James Davis) Immumoassays] and Methods of Using Same”

6,228,660 May 8, 2001 “Capillary Immunoassay and Device Therefor

(Keith May) Comprising Mobilizable Particulate Labelled
Reagents™

6,187,598 February 13,2001 | “Capillary Immunoassay and Device Therefor

(Keith May) Comprising Mobilizable Particulate Labelled
Reagents”

5,656,503 August 12, 1997 “Test Device for Detecting Analytes in

(Keith May) Biological Samples™

-4-
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5,622,871 April 22, 1997 “Capillary Immunoassay and Device Therefor
(Keith May) Comprising Mobilizable Particulate Labelled
Reagents”
5,602,040 February 11, 1997 | “Assays”
(Keith May)
16.  The patents in paragraphs 14 and 15 are collectively referred to herein as the IMS
patents.
CLAIMS FOR RELIEF
FIRST CAUSE OF ACTION
PATENT INFRINGEMENT

(Against Inverness and ABI)

17. Quidel realleges and incorporates by reference paragraphs 1 through 16 as if set
forth herein in full.

18.  On information and belief, Inverness and ABI, in violation of 35 U.S.C. § 271,
have been infringing, are currently infringing, and will continue to infringe the *522 patent by, |
among other things, making, using, offering to sell and/or selling lateral flow devices, including,
among others, Inverness’ and ABI’s lateral flow products, without authority or license from
Quidel.

19.  On information and belief, Inverness and ABI, in violation of 35 U.S.C. § 271(b),
have actively induced and are currently actively inducing infringement of the *522 patent by,
among other things, knowingly and intentionally encouraging or aiding third parties to infringe the
patented invention of the *522 patent, by using lateral flow devices, including, among others,
Inverness’ and ABI’s lateral flow products, without license or authority from Quidel.

20.  Oninformation and belief, Inverness and ABI, in violation of 35 U.S.C. § 271(c),
have contributorily infringed and are currently contributorily infringing the *522 patent by, among
other things, selling or offering for sale to third parties lateral flow devices, including, among

others, Inverness’ and ABI’s lateral flow products, knowing the same to be especially made or




E-N

N8 =] SN LA

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

IRELL & MANELLA LLP
A Reghiered Limited Lisbitty
Law Parinership inchuding
Profanions Coeporations

Case 3:04-cv-00378-B-LSP Document 1 Filed 02/20/04, Page 7 of 38

especially adapted for use in an infringement of the *522 patent, without license or authority from
Quidel.

21.  Oninformation and belief, Inverness' and ABI's infringement of the *522 patent has
been and continues to be willful.

22.  The aforesaid conduct of Inverness and ABI has caused, and if not enjoined, will
continue to cause, irreparable damage to Quidel, and Quidel will seek a preliminary and a
permanent injunction. Until an injunction issues, Quidel will continue to be damaged in an
amount yet to be determined.

SECOND CAUSE OF ACTION
DECLARATORY RELIEF
(Against IMS, Inverness, and Armkel)

23.  Quidel realleges and incorporates by reference paragraphs 1 through 16 as if set
forth herein in full.

24.  Oninformation and belief, as set forth above, InQerness has made a series of
acquisitions over the last three years of operating companies, technology, patents, and patent
licenses, and it has placed ownership of intellectual property in its IMS subsidiary; Inverness and
its IMS subsidiary have systematically asserted the IMS patents to prevent other companies from
providing competitive products in the diagnostic test device field. On information and belief,
Inverness has indicated to competitors a refusal to license the patents it has acquired.

25.  On information and belief, Inverness has announced publicly a so-called "patent
strategy” under which it will aggressively sue any and all of its competitors for patent
infringement.

26.  Oninformation and belief, Inverness and its predecessors have filed patent
infringement lawsuits against, among others, Princeton Biomeditech, Inc., Pfizer, Inc., Mizuho
USA, Inc., and Acon Laboratories, Inc, and it has threatened other companies with patent lawsuits.
On information and belief, Armkel joined Inverness' suit against Acon Laboratories, Inc. as a co-
plaintiff. On information and belief, Inverness has asserted different IMS patents at different

times against particular competitors, has often asserted many different IMS patents in a single
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lawsuit, and has alternated between asserting different IMS patents in a single lawsuit. On
information and belief, Inverness considers and has publicly announced that each and every IMS
patent is part of its aggressive patent infringement lawsuit strategy.

27.  Oninformation and belief, Inverness and its agents have publicly announced that it
plans to sue many more of its competitors, whom it has not already sued, for infringement of the
IMS patents. On information and belief, Inverness has already expended considerable resources
on patent litigation, and Inverness and its agents have publicly announced that it is planning to
expend considerably more resources on patent litigation.

28.  Oninformation and belief, Inverness has identified Quidel as a competitor, and
Inverness and its agents have falsely communicated to customers and distributors of Quidel and to
others that the use, sale, and/or offering for sale of Quidel’s products infringes the IMS patents.
On information and belief, Inverness and its agents have threatened to file suit against Quidel’s
customers for infringement of the IMS patents.

~29.  Oninformation and belief, by threatening to file suit for infringement of the IMS
patents and by other statements and conduct regarding Quidel’s products, Inverness has caused
potential Quidel customers, business partners, and others to agree to do business with Inverness
and its subsidiaries rather than with Quidel.

30,  This week, Inverness, through its subsidiary IMS, filed suit against Quidel in
Germany for infringement of European patents that are counterparts to certain IMS patents, In
that lawsuit, Inverness has accused of patent infringement the same or similar products as Quidel’s
U.S. products. On information and belief, the German lawsuit indicates that Inverness has
targeted Quidel as a competitor which it intends to sue for patent infringement, has analyzed
Quidel’s products for alleged patent infringement, has accused Quidel's products of infringing
patents that are counterparts to the IMS patents, and will pursue a policy of aggressively filing
further lawsuits against Quidel. On information and belief, just as Inverness sued other competing
companies for infringing certain IMS patents and then expanded its infringement charges and sued
those companies for infringing additional IMS patents, Inverness, its subsidiaries, and agents have

a plan to expand upon the patent infringement charges that they have already filed against Quidel,
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and they plan to file additional lawsuits asserting additional IMS patents and their counterparts
against Quidel both in the United States and abroad.

31,  Based on the acts, conduct, and statements described above, Quidel has a
reasonable apprehension and belief that Inverness, IMS, Armkel, and their agents intend o and
will sue Quidel for alleged infringement of the IMS patents in the immediate future.

32.  Anactual controversy exists between Quidel, Inverness, IMS, and Armkel as to
whether any products made, used, or sold by Quidel infringe any of the claims of the IMS patents.
An actual controversy also exists between Quidel, Inverness, IMS, and Armkel as to whether the
claims of the IMS patents are valid and enforceable.

33.  Quidel desires a’judicial determination of the foregoing controversy and a
declaration by the Court of the parties’ respective rights.

34.  Quide! has no adequate remedy at law. The aforesaid conduct of Inverness, IMS,

and Armkel has caused, and if not enjoined, will continue to cause, irreparable damage to Quidel.

PRAYER FOR RELIEF

WHEREFORE, Quidel prays that the Court enter a judgment as follows:

1. For a judicial determination and declaration that Quidel’s *322 patent is valid and
enforceable;

2, For a judicial determination and a declaration that Quidel’s 522 patent is infringed
by Invetness and ABI and that the infringement is willful;

3. For orders preliminarily and permanently enjoining Inverness, ABI, their directors,
officers, employees, attorneys, agents, and those acting in concert with them from further acts of
infringement of Quidel’s *522 patent;

4. For damages resulting from Inverness’ and ABI’s infringement of Quidel’s *522
patent and the trebling of such damages due to the willful nature of the infringement;

5. For an award of interest on damages;

6. For a judicial determination and declaration that the IMS patents are not infringed

by Quidel, and that the IMS patents are invalid and/or unenforceable;
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1 7. For orders preliminarily and permanently enjoining Defendants and their directors,
2 | officers, employegs, attorneys, and agents (i) from making any claims to any person or entity that
3 | Quidel’s products infringe any of the IMS patents, (i} from interfering with or threatening to
4 } interfere with the manufacture, sale, license, or use of Quidel’s products, and (iii) from instituting
3 | or prosecuting any lawsuit or proceeding placing at issue the right of Quidel, its customers,
6 | licensees, successors, assigns, or suppliers to make, use, sell, or offer to sell Quidel’s products or
7 | to provide materials to Quidel;
8 8. For a declaration that this case is exceptional pursuant to 35 U.8.C. § 285 and an
9 | award of attorneys' fees and costs; and
10 9. For an award of such other and further relief as this Court deems just and proper.
11
12 | Dated: February 20, 2004 Respectfully submitted,
13 IRELL & MANELLA LLP
14
: vame
16 an Chu/
17 Attorneys for Plaintiff Quidel Corporation
18
19
20
21
22
23
24
25
26
27
28
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1 DEMAND FOR JURY TRIAL

g%

Plaintiff Quidel hereby demands a jury trial for the issues in this action so triable.

Dated: February 20, 2004 Respectfully submitted,
IRELL & MANELLA LLP

|

%thﬁgan Chu!

Attoneys for Plaintiff Quidel Corporation
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1 Patent Number: 4,943,522

[54] LATERAL FLOW, NON-BIBULOUS
MEMBRANE ASSAY PROTOCOLS

[75] Inventors: Robert W. Elsinger; Mohammed H.
Khalil, both of San Diego; David H.
Kstz, La Jolla; Robert B, Sargeant,
Ramona, all of Calif.

[73] Assignee: Quidel, San Diego, Calif,
{21] Appl No.: 230,642
[22] Filed: Aug. 10, 1988

Related US. Appllestion Data

" [63]  Continmation-in-part of Ser. No. 57,273, Jua. 1, 1987,

abandoned, and a confinvation-in-part of Ser. No,
57271, Jun. 1, 1987, sbandoned.

{51] Int CLS GUIN 33/83
[52] US.CL 435/7; 435/805;
435/810; 436/512; 436/514; 436/518; 436/520;
436/523; 436/531; 436/535; 436/807; 436/808;
436/810; 422/55; 422/56; 422/57; 422/58;

422/10t

(58] Field of SEARCh coovecermrevcrmensssrrnrs 42275561,
422/70, 101, 102; 424/11; 435/7, 5; 805, B1G;
436/514-520, 512, 523, 531, 535, 807, 808, 810;

210743t
[56) References Cited
U.S. PATENT DOCUMENTS
4323536 4/1982 ColmBUS woovsrrreerrcrreren 422/56

(45]. Date of Patent:  Jul, 24, 1990

4361,537 1171982 Deutsch et al. ..
4,608,246 8/1986 Bayer etal. ...

4,623,461 1171986 Hossom et al. .. 22/101 X
4,693,834 971987 Hossom et al. ... 42/101 X
4729961 3/1988 Avrameas et al. - 4331 X
4T04TS 471988 Paul .vvscrrereeserninn 422/38 X
FOREIGN PATENT DOCUMENTS
0209378 1/1987 European Pet Off. ... 436/518
8803650 5/1988 World Int Prop. O. ... 436/518

Primary Examiner—Esther M. Kepplinger
Assistant Examiner—Carol A. Spisgel
Artorney, Agent, or Firm—1Irell & Manella

51 ABSTRACT

A method and apparatus for conducting specific bind-
ing pair assays, such as immunoassays, is described. A
porous membrane capable of non-bibulous lateral flow
is used a3 assay substrate; 2 member of the binding pair
is affixed in an indicator zone defined in the substrate.
The sample is applicd at a position distant from the
indicator zone and permitted to flow laterally throngh
the zone; any analyte in the sample is complexed by the
affixed specific binding member, and detected. A novel
method of detection employs entrapment of observable
particle in the complex. Blood is a particularly pre-
ferred sample a3 the red blood cells can be used as the
cbservable particles for detection of the complex.

46 Claims, 4 Drawing Sheets
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4,943,522

1

LATERAL FLOW, NON-BIBULOUS MEMBRANE
ASSAY PROTOCOLS

This is a continuation-in-part
tion Ser. Nos. 057,273 and 057,271, both filed June 1,
1987, and now abandoned.

FIELD OF THE INVENTION

2
and the same or a different reactive immunological
species which has been coupled to an enzyme label. The
principles of these types of BLISAs are discussed by
. L., Scand J Immunol (1978) 8:Suppl. 7,

. Belanger,
of copending applics- 5 33—41; (Chapter 4 in QUANTITATIVE ENZYME IM-

MUNOASSAY, supra).
Many forms of solid supports to which one member
of a immunochemical couple, e.g,, antigen-antibody or
y couple, have been disclosed. A com-

This invention relates to immunological and related 10 mon early form of solid support wasg a plate, tubs or

assay -methods and apparatus, especially to those for
blood testing.

BACKGROUND OF THE INVENTION

bead of polystyrene which was well-known from radio-
1mmnnoassay {RIA) work to bind certain immunologi-
cal specics. Filter paper, glass, verious plastics (chemi-
cal polymers), and other solid support surfaces have

'Ihemchnologyofnpeclﬁcbmdingdxagnnsﬂcreac- 15 been used for many years, Examples of such a system

tions and reagents generally has developed repidly in
thepmtwodeeades.mdconﬁnuutodcvelopata
rqndme.ka&ummmmy' (RIAs) and enzyme-

linked immnnosorbent assays (ELISAs), for example,
have become widely known and are described in ng- 20
merous fesis, trestises, scientific papers and patents.
ELISAs have become commonplace apd achieved
great importance in medicine and in scieatific research
since the work begun by Engvall, E., and

pioneering
Pesimann, P., et al, Jmmmochem (1971) 8:871-§74; and 25

the work of Schuurs and coworkers; see, e.g., Van Wee-
men, FEBS Lerters (1971) 15:232-236, and several U.S.
Patents naming Schuurs et al as inventors; see, e.g., U.S.
Pat. Nos. Re. 31,006, 3,654,090, 3,839,153, 3,850,752,

1,862,302, 3,862,928, 3,879,262, and 4,016,043. Mono- 30

clonal antibodies in enzyme imm are well
known; see, e.g., the work of Herzenberg and of Eng-
vall, and others and the later work of David et al, US.
Pat. No. 4,376,110, DNA probes and biochemical and

biological probes generally exhibit the ability to bind 35

specifically and aré of great carrent interest 23 specific
bindi .

ENZYME IMMUNOASSAY, Dhikawa, M. D,
Tadashi, Kawai, and Kiyoshi, Miyai, eds, IGAKU.

which used antibody (or antigen) costed polystyrene
beads are described by Bohn et al, in U.S, Pat. No.
4,424,279, Jen. 3, 1984; and U.S, Pat. No. 4,438,020, July
3, 1984, in which the coated beads are ptilized in unique
configurations.

Several disclosures are directed to assays which em-
ploy passage of the sample to be tested throngh a soli¢
membrang or support.

Tom et al, U.S. Pat. No. 4,366,241, disclose &n appa-
ratus for an immunoassay which includes a multiple
layered construction in which the sample solution flows
into an enclosure through en immunoabsorbing disk
which has antibody or antigen bound to it. The solation

- flows from the disk through a membrane spacer which

is in contect with the disk and into a bibulous strip of
cellulose or paper which extends through the enclosure
to 4 level above the sample into which the appararus is
inserted during use.

U.S. Pat. No. 4,632,901, 1o Valkirs et al, discloses a
device and method for immunoassays in which the
sample flows through the thickness of a membrane to an
absarbent mass, Antibody is bound to less than the totai
sarface of the membrane and binds antigen in the anti-
body coated ares, Conventional ELISA techniques are

SHOIN, New York 1981, describes in considerable 40 used to detect the sample bound to the supported anti.

fundamental detail the principles and practices involved
in enzyme immuonoassays. Reference iy also made to
other texts and treatises in the field, such as IMMTUNO-
CHEMICAL METHODS IN THE BIOLOGICAL

SCIENCKS: ENZYMES AND PROTEINS, Mayer, R. 45

J., and Walker, J. H., Academic Press, New York 1980;
QUANTITATIVE ENZYME IMMUNQASSAY, Bng-
vall, E., and Pesce, A. J., Blackwell Scientific Publica-
tious, Lopdon (Scandinavian Journal of Immmology,

body.
Various configurations for self-contained assay sys-
tems have also been described; for example, Deutsch,
A, and Plart, H. A., U.S. Pat. No. 4,522,923, describe a
device which comprises a container, at least two water-
soluble barriers, subdividing the container into at least
three superimposed chambers, and different biologi-
cally active substances in each chamber. Upon intro-
duction of an aqueous biclogical sample to be tested

1978), THE ENZYME LINKED IMMUNOSORBENT 50 into the topmost chamber, the sample successively

ASSAY (ELISA) A guide with abstracts of microplate
applications, Voller, A., Bidwell, D. E., and Bartlett, A.,
Dynatech Laboratories, Inc., 197% and the references
¢ited thereln for a comprehensive disclosure of the

mixes with the contents of the chambers, the contact
time in cach chamber being a function of the water
solubility of the barriers. The system is designed to give
a color reading in the final chamber. This provides a

principles and usual prectices mvolved in enzyme im- 55 mcthodforconducnngnnmunochemmlrmcuunsma

munocassay.

Various approaches have been described for carrying
outhymemmunoamy&'l‘hemlyELJSAswm
what is commeonly called a “competitive” assay in

self-contained sealed unit that requires only the addition
of an ynknown sample and water, and thus provides an
ssay gystem that is safe and accurate even when used
by 2n individual who is not technically trained. Specifi-

which the enzyme labeled antigen or antibody com- 60 caﬂyatlmtonechambermmananugen.mﬁbody.

petsd with the antigen or antibody to be determined for
a reaction site on a bead, pad or sutface to which one
member of an immunologically coupling pair was at-
tached. Latey, the “sandwich” essay became popular, In

or an ¢nzyme, or their conjugates, Preferably the anti-
body ia directed against human chorionic gonadotropin
hormone. Specifically the substances in the chambers

. represent color-change immunochemical reactions, e-g.,

the sandwich assay, the antibody or antigen to be deter- 65 home testing of blood or.urine for pregnancy.

mined was “sandwiched” by an immunochemical reac-
tion between a solid surface treated with an immunolog.
ical species reactive with the species to be determined

Barnett, B.,, WOB606488, describes a diagnostic test
kit which has a central well for receiving a sample to be
analyzed, Several reservoirs holding predetermined
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quantities of reagents are located in a block which sur-
rounds the sample well and are connected to it via
bores. Initially the reagents are retained in the respec-
tive resecvoirs by membranes but the contents of a res-
ervoir can be discharged by rupturing the membrane.
The reservoirs are formed by resilisot domes which are
depressed mannally to rupture the membrane and serve
to transfer the reagent to the sample well. The test kit is
used for screening, chemical or clinical analysis of
blood, urine, swimming pool water, drinking water or
soil. The test kit reduces the chance of human error in
the sequential addition of reagents to a sample.

Graham, H. A, Olekna, D). J., Hawk, J. B, and Ke-
bles, D. B., EP0022669, describe a test in which red
blood cells are rapidly tested for the presence of anti-
gens O, G, ¢, B, ¢ or K by mixing them with an antibody
reagent (A) and, without incubation, exanining them
for agglutination, (A) comprises reduced S-alkylated
IgG entibody against the eppropriatc antigen which at

4]

4

respecu‘vely of (b) and (d) a substrate for the enzyme, In
place of the enzyme and substrate a fluorescent label
may be used. Antigens which can be tested for include
dilantin, testosterone and progesterone. If the sample
contains the antigen, it will combine with the antibody-
enzyme while moving along the wick so that when this
mixture subsequently wicks through the antigen-wick,
there will be no free antibody-enzyme fo bind to the
antigen on the wick so it will pass out of the wick.

Friedeaberg, WPO Int. Pub. No. WO 84/02397, also
describes an immuposssay in which the reactions occur
in the liquid phase as the sample moves through a paper
support, the rate of movement being one parameter
used in identifying constitnents.

Campbelt, U.S. Pat. No. 3,893,808, describes a strip of
filter paper treated in bands with a chemical reagent,
{odine, into which » sample of gasoline suspected of
containing Jead is wicked from one end and a develop-
ing reagent, dithizone, is wicked into the pretreated

least meets FDA standards for potency and specificity. 20 bands.
Deutsch, M. E.,, and Mead, L. W., U.S. Pat. Nos, °

4,054,647, 4,235,601 and 4,361,537, describe a test strip
for determining a characteristic of a sample comprises &
length of material capable of transporting a developing

‘liguid by eapillarity and having zones between its ends 25

for receiving the sample and holding reagents. The strip
is wsed for performing hinding sssays, particularly those
in which a radicisotope is used as a label, such as radio-
irmmunoassays. Minute sumple sizes may be used. The

strip is capable of application to analytical methods 30

having sensitivities below 0.1 mg/ml.

Friedenberg, R. M., FR 2537724, describes a dry
indicator spparstus for drugs-of-abuse testing of physio-
logical liquid test solutions. A non-bibulous capillary
flow membrane vehicle matrix is impregnated with dry
chemical colorants, When these are placed in contact
with the test solution the colored reagent indicates the
type of deug present even in low concentrations. The
test is a qualitative and quantitative indicator for the

35

presence of abused drugs, such as barbiturates, amphet- 40

amines, methadone, morphins, cocaine, codeine, di-
1aulid and trenquilizers of the diazepam type. The physi-
ological fluids tested inclode urine, whole blood,
plasma, sweat and tears,

Lipp, V., and Buck, R. L., EP (206779, describe an 45

apparatus for detecting antinuclear antibody in‘a biclog-
icalsnmplecompﬁsmgasolidsupponhavingadheru!
nuclei isolated from evcaryotic cells. Preferably under-
lying the nuclei on the solid support is & coating, ¢.g., of

nuclear antigens, which is unreactive with antibodies to 50

aon-nuclear antigens and which, ltke nuclei serves to
bind antinuclear antibodies in the sample. The apparatcs
permits the screening of human serum for the presence
of antinuclear aatibodies in a system featuring speed,

simplicity, sensitivity and capacity for automation, 53

Medical disorders characterized by the presence of
antinuclear antibodies include systemic lnpus crythema-
tosus, mixed connective tissue disease, Sjogren's syn-
drome and scleroderma.

Alberty ¢t al, US. Pat. No. 3,895,914, describe an-
other chemically treated test strip in which chemical
réagents are applied in bands or zones on a strip for
detecting barbituric acid,

While the prior art teaches the use of wicking bibu-
lous materialy a3 carriers for specific binding reagents,
these and methods rety principally upan the
ability of the carrier to imbibe the liquid and often to
enter into the reaction, The usa of bibulous materials is
of great value in some methods, but presents serious
limitations s well, in redoced sensitivity and in the
nature of the reagents and analytes which may be used
or determined. The present invention utilizes a non-
bibulons material in which the Hiquid flow is isotropic
and flows laterally in the material by capiflary action,
thus pressuting a system in which the solid membrane
provides a vessel for the liquid but does not imbibe or
otherwise eater into or interfere with the specific bind-
ing reactions.

DISCLOSURE OF THE INVENTION

The invention provides a2 method and apparatus for
determining the presence or absence or the amount of
analyte using a specific binding assay. The apparatus
comprises 2 non-bibulous lateral flow membrane which
has on its surface a sample application zone to receive &
liquid sample, and, at a latersl distance from the applica-
tiont zone on the surface, at least one indicator zone. In
the indicator zone is affixed a member of a binding pair;
the sample contains an analyte which is ity complemen-
tary binding member or an analyte which can be deriva-
tized so0 as to bind the fixed member. Ir one convenient
configurstion the membrane is bound to two substan-
tially fluid-impervious sheets, one on either side, with
openings on one side or both sides to provide definition
to the application and indicator zones,

The lateral flow achieved in the method of the inven-
tion is the result of the propertics of the non-bibulous
Iateral flow membrane, The membrane has a much

Deutsch, A., Sheets, B J., and Rhodes, J., EP & smualler thicknesy than surface dintension and is hydro- |

0189925, describe & kit which comprises (a) a vessel, (b)
a capillary-active wick extending from the interior of

philic enough to be wetted and thus permit aqueous
solutions and materials to exhjbit lateral flow freely, and

the vessal 50 a8 10 wick a liquid out of the interipr of the  preferably isatropically, at substantially the same rates

vessel, a portion of the wick carrying an immobilized

immunological contponent selected from (i) antigen and 65

(ii) antibody, (c) a first reagent comprising an enzyme
conjugated to an immunological component selected
from (i) antibody 2nd (i) antigen specific to () or (i}

for varions components of a sample.

Thus, in one aspect, the invention is directed to an
apparatus for assaying an analyte in a sample to be
tested by a specific binding reaction which apparatus
comprises a non-bibulous lateral flow membrane, said
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membrane having at least one sampls application zone  which contain the specific binding member of the pair
and at least ope indicator zone, said zones laterally  pertinent to an antigen present in the sample. Thus, for
separated, and wherein in the indicator zone is affixed s~ example, type A blood will be visible in an indicator
member of a binding pair. rone contuining anti-A; blood lacking this antigen will
The apparatys may forther comprise one or more 5 be removed from this zone, which will sppear clear.
breakable containers of buffers or reagents positioned in In other aspects, the invention relates to specific con-
& holder adjacant the membrene. These can be broken  figurations of the application and indicator zones on the
by a means which may also be included in the holder,t0  membrane.
rovide needed or i .
provide necded developing reagents Of Wash SO P RIEF DESCRIPTION OF THE DRAWINGS
Another aspect of the invention comprises such designs, FIG. 1is a top plan view of the holder in o preferred
The membrane may include more than one indicator  embodiment of the invention.
zone, along with cantrol and reference zones. Multiple  FIG, 2 is an exploded perspective view of the holder
indicator zones may be designed to detect different  of FIG. 1 showing the components thereof and the
analytes or for quantifying the emount of analyte. Mul- 15 relationship of the membrane and absorbent compo-
aplemdlcam_wnumay_beinyspncedrelnﬁonship nents contained herein,
to the spplication zone, since the membrane itself does  FIG. 3 i & side cross-sectional view of the apparatus
not provide a barrier to ample flow, of FIG. 1, take along lines 3—3 of FIG. 1 in the direc-
In the method of the invention, the sample, which  tion of the acrows.
contams an analyte which is, or which can be deriva- 20 FIG. 4 s an exploded view of another preferred em-
tized to include, a first member of 4 binding pair, s bodiment of the apparatus of this invention which in-
applied to the spplication zone and ailowed to be trans-  cludes reagents as well as the membrane and sbsorbent

- parted laterally through the membrane to an indicator

zone, where there is, affixed to the membraie, the FIG. 5 is a top plan view of the apparatus of FIG. 4.
other, secoud, gember of the binding pair. The first 25 FIG. 6 is a side elevational view of the apparatus of
member binds, in the indicator zome, to the second  FIG.s5, .

member, and the resuiting bound complex is detected.  FI, 7is a side cross-sectional view of the apparatus
Detection may use any of 2 variety of labels and/or  of FIG, 5 taken along lines 7—7 of FIG. § in the direc-
mu?m;ﬁ lymer & lored partic] foor o ton of he srows.

rescen polymer dyes, ar co ticles, €tc., FIG. 8 is a transverss cross-sectional view of the
and detection is by means of, for example, direct visual  gpparptys of FIG. § taken along lines 8—8 of FIG. 8 in
ohernﬁcg.bydevelopmgacolor, by radioactive i50-  the direction of the arrows showing the breaking mech-
mpeoountmg,byﬂuo;mccucemea.surmnt,_orbymy anism of the invention.

of many other techniques by which the presence of pIG. 9 is & plan view of an alternative, simplifisd
ebsence of a chemical or biochemical species may be 35 form of an apparatus suitable for use in this invention,
"In ome preferved embodiment, snd an additional s Checioly, or blood tping. ¢
pect of the tnvetion, visible partcies in, added 10,00 gy 3, o oo ol view of the epparatus ©
applied before or after, the sample are used for detec.

tion by being trepped in the indicator zone by the bind- 40 MODES OF CARRYING QUT THE INVENTION
ing pair complex, If the analyte itself provides a visible General Descripti

particle, for example, in the case of analyte being an . mf‘ .

antigen present on red blood cells, which cells can be An essential festure of the invention is the employ-
ssen directly, no separate detection means is needed, If  ment of a membrane capable of non-bibulous lateral
the visible particles resids in the sample, e.g, the red 45 flow. By “ron-bibulous™ lateral flow is meant liquid
blood cells in whole blood will remain in the indicator ~ flow in which all of the dissolved or dispersed compo-

zone after washing when the binding complex is  nentsof the liquid are carried at sabstantially equal rates .

formed. : and with relatively umimpaired flow laterally through

Thus, in another aspect, the invention is directed toa  the membrane, as opposed to preferential retention of
method to detect the formation of a complex betweena 50 One or more components as would occur, for example,
firét binding reaction pair member from a sample and  in materials capable of adsorbing or “imbibing™ one or

‘the second member of the pair affixed in en indicator ~ more components. “Bibulous” materials include paper,

zone, which method com| lying, along withor  nitrocellulose, nylon and the like, which have the capa-
a&erthsumplc.dcmabmmawhchmm- bility to effect a chromatographic separation of .the
trapped by the complex and tirus detected in the indica- 35 contained materials, .
tor zone. The particles may occur naturally in the sam- An expmple of the membrane material in which capil-
ple a3 is the cage for the red blood calls in whole blood.  Tary, non-bibulous lateral flow occurs is the high density
In other instances, the particles may be added artifi-  or ultra high molecular weight polyethylene sheet me-
cially. ) terial manufactured by Porex Technologies Corp. of
In another aspect, the invention is directed to a 60 Fairburo, Georgia, USA. This membrane has an open
methed of blood typing using the membrane described.  pore structure with a typical density, &t 40% void vol-
A blood sample is spplied to the application zons and  ums, of (.57 gm/cc and an average pore diameter of 1
permitted to flow through the membrane to one or 10 250 micrometers, the average generally being from 3

- more indicatar zones, each of which conttins a blood  to 100 micrometers. The optimum pore diameter for the

typing reagent, such &3 an antibody to group A antigen, 65 wiembrane for use in the invention is about 1¢ to about
to group B antigen or to Rh factor. The blood sample is 50 pm. The membranes are from a few mils (0.001 in) to
then washed through the membrane 50 that the red  several mils in thickness, typically in the range of from
blood cells remain visible only in the indicator zones % or 10 mils and up to 200 mils. The membrane may be
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backed with a generally water impervious layer, or may
be totally free standing. While membranes made of
polydhylmehlvebemfoundmbehighlym
flow, non-hidulous membranes formed of other
ol:ﬂnorotherthcrmopluﬂcmuemls,e.g.. polyvinyl
chiaride, polyvinyl acetate, copolymers of vinyl acetate
. and vinyl chloride, polyamide, polycarbonate, polysty-
rene, etc., can be used, Membranes formed by the classi.

cal phase inversion process may also be used. .
Thus, the membranes, in general, will have a pore size
of about 3-100 pm, preferably about 10-30 pm; will be
constructed of an inert material; and will be less than
200 mils in thickness. They are charscterized by non-
bibulous ixteral flow. Isotropic flow is preferred. While

tpplicants beligve this lateral flow to be caused, at least 15

In past, by capillary action, they are not bound by any
puﬂculutheorytouplmthechancteﬁmcmmof
this n flow,

In the varioss apparatus and method embodiments of

8
brane. The binding pair member may be attached to
another material wherein said material is physically
entrapped in the indicator zone or otherwise affixed in
the indicator zone by any physical, chemical or big-

$ chemical means. For example, specific binding mem-

bers can be attached covalently or passively to beads or
the like and the beads then affixed on the membrane.
The method of the invention is conducted by apply-
ing a liquid sample to the application zone at the surface
of the membrane in sufficient quantity to permit the
sample to flow through at least one, or through at least
a2 many indicator zones as desired. Coatrol and blank
zones may also be defined to receive the sample flow.
Flow will occur laterally through the membrane due to
its intrinsic properties; while applicants believe this i
due to capillary action, there ia no intent to be bound to
any particular theory or explanation. If, along the direc-
tion of flow, the membrane terminates at the indicator
zome, the fiquid mey flow out of the membrane; if there

the invention, the [sters! flow ron-bitulous membrane 20 it additional surface beyond the indicator zone in the

will contain an application zone and at least one indica-
tor zone, whercin the indicator zone has affixed to it a
member of a binding pair. The membrane may be in zny
desired shape and the spplication and indicator zone

direction of flow, this surface will act as an “absorbent”
zcne, and further encourage the flow of liguid. A bibu-
lous or nonbibulous material may also be placed in
contact with the membrane to act as additional absor-

may have any desired configuration es is convenieat for 25 bent.

use alone ot in 4 perticylar apparstus.
To the indicator zone in the apparatos and method of
the invention is affixed one of the members of a binding

pair, which is responsible for the capture of its comple-

In the method, thee, the sample flows from the appli-
cation zone through the indicator zone and, if applica-
ble, into the absorbent zone. The presence of analyte in
the sample will cause a detectable reaction in the indica-

mentary member. By “affixed” in this context is meant 30 tor zone,

retained in the indicator zone throughout the assay
procedure—this can be accomplished by covalent
bonding or, more commonly, by adsorption, eg., by
drying. Depending on the nature of the material com-

prising the mentbrane, derivatization to permit covalent 35 assay can be used in the

bonding for example, using glutaraldehyde or a carbo-
diimide, can be employed.

Most binding pairs employed in the inveation are
“specific”, e.g., antigen-antibody pairs, and other spe-

The experimental design protocol or “chemistry” of
the assays of the invention can be varied as is genenally
known for sstays based on specific binding, Most of the
protocols adapted to other physical formats of immuno-
of the invention,
where the indicator zone fills the role of the binding
member bound to solid support. For example:

{1) Analyte in the sample binds specifically to the
member affixed to the indicator zone; a label is then

cific coupling pairs such os antibady-hapten, sntibody. 40 added to detect the bound analyte; ie., in a sandwich

cell, mtibody-cell fragment, RNA and DNA probes,
receptor-receptor ligand, enzyme-substrate, enzyme-
inhibitor and other pairs in which a specific binding
reaction occurs However, i some instances the speci-

ficity of the assay may be conferrad in other ways, such 45

a3 by a labeling reagent. The requirement for the affixed
member is that it must bind the analyie or its derivative.
Thus, one of the members of the coupling pair is affixed
physically, chemically, biologically or otherwise to the

oon-bibelous lateral flow membrane indicator zone to 30

bind the other member of the pair.

The affixed member of the pair may bind directly to
the anslyte, or may bind to a derivative thereof, By
“derivative” is meant any substance whose concentma-

tion in the sample is directly proportionsl to analyte, 55

For example, the derivative may be a conjugate of the
analyte with an additional component which, in turs,
binds to the affixed member, or with an additional com-
ponent which serves merely to Iabel the analyte, but not

interfere with the analyte’s ability to bind to the affixed 60

member. In another Slustration, the detivative might be
a reaction product formed in stoichiometric relationship
to analyte in a reaction, wherein the reaction product
binds to the affixed member. Thus, “derivative” is a

substance quantitatively related to analyte concentra- 63

tion.
It is not necessary that the binding pair member be
‘bound directly, chemicaily or biologically to the mem-

immunoassay;

(2) The sample is spiked with a labeled form of ana-
Iyte angd the labeled form bound to the member affixed
in the indicator zone is detected—ie, a competition
sssay;

(3} Analyte carries with it the means of its own detec-
tion—the most notahle example being analyte conju-
gated to an cbservable particle. Also, the analyte may
first be reacted with label, for example, with an anti-
body conjugated to enzyme. The iabel-bezaring analyte
can then be bound specifically 1o the affixed member. In
en altemative, a labeled analyte may be bound to a
specific counterpart which is the complement to the
fixed member. For example, red blood cell-bome ana-
lyte may be reacted with murine anti-antigen to form a
complex, which is then bound to rabbit antimurine Ig
uffixed in the indicator zone;

(4) Detectable particles may be nsed to detect an
unlzbeled complex of analyte with binding pair member
in the indicator zone.

Typical Analytes

The analyte may be insoluble or attached to insoluble
supports ar may be soluble.

Typica! cell-bound or solid supported analytes in-
clude, e.g.,

Tissue-Specific Cell Surface Markers: Separation of
cell populations besed on these markers has been per.
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formed using lectins (Reisner and Sharon, Trends in
Biochem Sei (TIBS) 29, 1980), blood levkocyte surface
giycoproteins (Gahmberg and Anderssen, NYAS (1978)
312, in Fibroblat Surface Proteiny cds, Vahery, Ruslahu
and Mosher), estrogen steraid receptors

Cancer Treatment Reports (1978) 63(2) 180, erythrocyte
insulin receptors (Bhathena et al, Horm Metah Rex

(1981) 13:179), or muitiple markers as in the case of

Iymphocytes, Further separation of subpopulations is

10
Human Leiomyosarcoma aatigen (Deng et al, Lancer,
Feb. 21, 1981, p. 403); and a Human Mammary carci-
noma antigen (Sch!om et al, PNAS (1980) 77 (11):6841).
Further concerning tumor merkers, the concept of

pson, § “altered salf antigens” proposed by Edelman, Science

(1976} 197:218 describes the pressnce of modifled cell
surface antigens normally indigenous to a cell type
which are altered due to neoplastic transformation.
These aberrant cells are viewed by the immune surveil-

Mhbwmwmmﬁndwﬁhspmﬁccen 10 lance sysiem as abnormal and they are capable of elicit-

functions as in the cate of the T lymphocytes
and Schiossman, ¥ Eng J Med (1980) 303:1153).
Tissue-Shared Cell Surface Markers: Some cell sar-

ing an immune response (Burnet, Brit Med J (1957)
1:179, and Nature (1970) 226:123). The reappearance of
embryonic antigens have also been observed following

face markers are present on multiple cell types. An  the neoplastic transformation of cells. Carcincembry-
example of these are the Major Histocompatibility 15 onic antigen (CEA), Fetal Embryonic antigen (FEA)
OcmpleanmmLympbncymAnngm(lﬂ.A)symm, and Tumor Specific Transplantation Antigens (TSTA)

LETS protein, p glycoprotein (Kariner et al, Sclence
(1983) 21: IZSS)mﬂtmusfermrec:ptom(Omryﬂal
Nature (London) (1980) 286:888).

havebemuseﬁﬂh:theeerodiagncﬁcdetecﬂonofw—
cinomas and sarcomas {(Mitchison, “Immune Surveil-
lance” in B and T Cells in Immune Recognition edited by

Viral-Associated Cell Surface Markers: Cell mem- 20 F. Loors and G. E. Roelants, Wiley and Souns, New

brane antigens can also result from vixe! infection. The
munps H=N glycoprotein detectable by RIA, jmmu-
eofluorescence and hemagglotination inhibition repre-
sents a viral marker on infacted cells (Sever et al, Infect

York, 1977).

A preferred analyte is the set of antigens found on red
blood cells, wherein the cells themselves can sarve as
markers.

& Immaun (1982) 35(1):179). Similarly, markers resulting 25 In eddition to surface markers, soluble analytes can
from Herpes Simplex 1 and 2 infection are recognizable  alzo be detected sod measured. Typical soluble analytes
on the host cell swface by immimofluorescence  include: hormones, enzymes, Lipoproteins, viral enti-

(Stewart and Herrmann, “Herpes Simplex Vinos” in
Manual of Clinical Immunology, 2nd edition, edited by

gens, immunoglobulins, lymphokines, cytokines, drugs,
soluble cancer antigens, bacterial antigens and the like.

N. R. Rose and H. Friedman, American Society for 30 Thess analytes include varions proteins such as prot-

Microbiology, Washingion, D.C., 1980).
Tomor-Specific Cell Surface Markers: Neaplastic

and oncogenic transformation results in the alteration of

the cell phenofype as expressed in cell surface proteins.

amines, histones, phosphorylated proteins, nucleoprote-
ins, and so forth such as, for example, transcortin, ery-
1 ” fecri ious globalins, thyraxin-
binding globulin, the vmunogicbuling of various sub-

These can be observed as veriations in the presence of 33 classes A, G, D, B, and M, varlous complement factors,

cell surface antigens normally expressed on the cell
surface, appearance of “altered self antigens,” appear-
ance of embryanic cell surface antigens and the pres-
ence of mmor specific molecales. Felsted et al (Cane

Res (1983) 43:2734) have described cell membrane 40

changes during the differentintion of promyelocytic
lenkemin cells. Neoplastic transformation indoced

- changes in cell phenotype are presented in a review by

Poste (n Cancer Invasion and Metastasis: Blologic Mech-

enisms and Therapy edited by S, B. Day ¢t al, Raven 45

Press, New York, 1977). Similar review articles de-
scribe phenotypes of leukemic cells (Greaves ot al in
Proc of International Symposium on Human Lymphocyte
Differentiation: Its Applicotion to Cancer, edited by

Seron and Rosenfeld, North Holland Publishing, Am- 50

sterdam, 1978), B Lymphocytes (Thorsky et al, IBID),
and Acute Lymphooytic Lenkemis Cells (Greaves et al,
Sclence 234, 1986).

The identification of tumor specific antigens or mark-

ers and their assoclation with tumors of specific tissoe 53

types permits clearer diagnosis and suhsequent monitor-
ing during therapy. A number of tumor suzrface proteins
have been idemtified. Several exampies inclode: & mou-
tated rat gene p21 tumor lymphocyte protein (Bos et al,

Nature (London) (1985) 315:726, and Clark et al, PNAS 60

(USA) (1985) 82:5280); an Acute Lymphocyte Leuke-
mia (ALL) Associated antigen GP 100 Phl (Greaves et
al, Blood (1983) 61:628); Human T cell Leukemix Asso-
cisted Antigen (HTLA) (Scon et al, J of Jmmuno!

{1981} 127(6):2580); a Human Lung Tumor Associated &5

Antigen (Braatz et al, J Nor Cancer Inst (1978)
61(4):1035), an estrogen 24,000 MW Human breast can-
cer marker (Adams et al, Cancer Res (1983) 43:4297); a

blood clotting factors such as fibrinogen, Factor VIII,
tissue thromboplastin, and thrombin.

Also included are hormones such as insulin, gluca-
gon, relaxin, thyrotropin, somsatotropin, gonedotropin,
follicle-stimulating hormone, gastrin, bradykinin, veso-
pressin, and varlous releasing factors. A wide range of
antigenic polysacchariiles can alsc be determined such
as those from Nelsseria gonorrheze. Pasreurella pestis,
Shigella dysenterene, and certain fungi such as Mycos-
porum and Aspergillus An extensive list of soluble
gnalytes determinable in the method of the invention is
fouad in U.S. Pat. No. 3,996,345, which is incorporated
herein by reference,

Apparatus Designs

A number of designs for the apparatus comprising the
membrane can be used for illustration. The membrane
sheet may be of any shape and of almost any size which
may convenienily be handled. In a preferred embodi-
meat, 8 “small” size may be used so that the sheet is
suitable for being held in the hand of » user without
tearing or breaking, and i3 generally limited to about the
size of an adult human hand, though size per 32 is not
critical. The sheet may be, and preferably is, mounted in
a suitable holder provided with means for applying the
sample and any necessary reagents to the sheet.

In one illustrative design, s shown in FIGS. 1-3, the
laters] flow, nog-bibulous membrane 100 is an clongate
strip. The membrane, has an application zone 102 which
is adapted to receive a liquid sample. In the llustrated
apparatus there is a plurality of indicator zones 1060 and
106h, At least ane of such indicetor zones contains the
complementary member of a specific binding pair
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where the other member is the anslyte of nterest or
derivative thereof, i.e., & substance which binds specifi-
cally to the analyte, e.g., an antibody-sntigen. In the
apparstus of FIGS, 1-3, there is ulso provided am sb-
sorption zone 104 which is adapted to absorb liquid
flowing through the membrane from the sampling zone.

The shsarption zone 104 may be of sufficient capacity
to permit the required flow from the sample zone
through the indicator zone(s) to be retained in the mem-
brane. Alternatively, an absorbent body 108 which may
be a pad of cellulose fibers, a cellulose sponge, or any
other high-capacity hydrophilic material capable of
absorbing liquid may be provided.

In the particular apparatys shown, pad or disc 110
may be used as a source of supplementary reagent. The
disc may also be a non-bibulous membrane of may be a
Yaquid shsorbeat, such as flter paper, For example, inan
ELISA assay, disc 110 msy contain enzyme-lzbeled
antibody, which dissolves in the sample and couoples

with an analyte antigen. The complex is then retained in 20

the indicator zone by additional aptibody capable of
binding the analyte-enzyme labelled complex which is
formed,

The invention method is conducted using the appare-

. 12

The disc 110 in addition to or instead of carrying &
reagent, can act a5 a filter for the application zone 102 of
the membrane 100 removing large particles from the
sample. The disc is, bowever, optional, The liquid sam-
ple is introduced to the pad 110 or divectly to the zone
102 by a pipette, dropper or other device.

The wath or buffer solations and the reagents may be
introduced through the pad 110 or directly to and
through the application zone 102 to and through the
indicator zone(s) 106. The analyte of interest, if present,
is bound specifically t the membrane in one or more of
the indicator zones. The wash or buffer solutions and, if
used, the other resgeat solutions, may also be intro-
duced directly into the indicator ares.

The top or cover 140 is constructed and-adapted to fit
snugly with the base 120 and includes a flange 142
whchﬁumcluemmtwimtheﬂmsemon
the base 120. The top forms and defines an opening
therethrough in the form of & well 132 which may, as
shown, have chamfered ar beveled sides, or may be in
any shape or size or configuration of convenience, The
well 132 provides sccess to the dise 110 for introducing
" sample and wash and reagents. One or more “indicator”
apertures 146 ¢.g., 145a and 146) are also formed and

tus of FIGS. 1-3 by introducing a liquid sample in the 25 defined by. the top 140 permitting viewing of the “indi-
application zone 102. The liquid flows laterally without  cator” zome(s) on the membrane, These apertures may
retention through the indicator zone 2060 and 1065 and be formed of or covered with thin, clear or translucent
into the absorption zone 104 and/or an adsorptive psd ~ coverings, if desired, it being necessary only that one be
108. Unbound species are washed from the indicator  able to see or otherwise “read”, Le., detect, the color,
zone, if necessary, or desirable, to make reading easier. 0 radioactivity or fivorescence, or cther signal, in the

A developer or other reagent is added, if required, to
develop = signal which can be detected visually, instro-
mentally or otherwise. The signal is relatable to the
amount of the apalyte. Additiona! steps and variations

In the order of carrying out of the steps will depend 33

nponthepumcnlubmdingpmrundermdm
the particular label or marker, ctc., 35 required or de-
sired depending on the specific mode of developing the
detccublengunlnsometnmncu,onlymmpaue

reqm:ed.l'-‘orcumple,moneembodment,wholew

blood is simply introduced ¢ the sample application
zone, unbound or unemtrepped cells are washed
through the indicator zone, and red blood cell color is
sufficient to permit direct visual reading of the assay.

Multiple anslytes in a single sample can be deter- 43

mined with a single apparstus by providing multiple
indicator zones so that each indicator binds only one
analyte,

Referting again to FIGS. 1-3, a marketsble kit is

shown. The kit includes, in addition to the lateral flow 50

non-bibulous membrane 100, & base 120 which has a
surrcunding lip 122 forming a bottom reservoir when
the kit is in use, A flange 124 extends upwardly from the
lip and permits easy attachment to the top which will be

described. Notches 126 at one end and 128 at the other 55

" end provide for aligmment of the top and attachment of
the top to the base. Inside the bottom reservoir 130 the
base structure forms a support 131 for the application
zone 102 of the membrans 100 and wally 134 and 136

indicator zone. The apertures, or other indicator cover-
Ing structures, may be in special shapes such as s “plus™
sign, a “minus” sign, & circle, or in any other configura-
tion to provide sceess to the indicator zone. The shape
afthzhdlmmmhﬁmplynconveniencemdnot
of operational si
F’IGS.Hshowuelf-conmnedht.:e.,aldtwh:ch
does not require additional reagents or equipment. The
critical membrane 200 is shown es an elongate strip,
which has an application zone 202, a flow-through or
absorbent zone 204 which accepts liquid laterally tre-

‘verting the membrane through the “indicator” zone or

a plurality of indicator zones 206, ¢.g., 2062 and 2065
At least one of suck indicatar zones has bound therein a
member of & specific binding complex comprising the
anslyte of interest and substrate which binds to analyte.
An absorbent body 208 which is of a high-capacity
hydrophilic mraterial capable of shsorbing the liguid is
also shown. Disc 210 functions as described respecting
pad 110,

The kit includes, in addition to the non-bzbulouscap—
illary. flow membrane, pad and absorber described, a
base 220 which has a surrounding lip 222 forming a
bottom reservoir when the kit is in use, A flange 224
extends upwardly from the lip and permits easy attach-
ment to the top which will be described. Notches 226 at
onc end and 228 at the other end provide for alignment
of the top and attechment of the top to the buse. Inside
the bottom reservoir 230 the base strecture forms 2

which include a solid support or piurality of supporting 60 support 232 for the sample application zone 202 of the
columns 1347 and 136a respectively on the walls which  non-bibulous lsteral flow membrane 200 and walls 234,
terve o gapport the edgey of the membrane 100 in the 236, and 238 which include a plurality of supporting
indicator zone(s) 106 thereof. The reservoir and walls  columns 236a and 238q respectively on the walls which
are s constructed and as to receive inside  serve to support the edges of the membrane 200 in the
the reservoir the absorbent body 168 which, in the illus- 65 indicator 20ne(s) 206 thereof. The reservoir and walls
trated example, is a rather large U-shaped body to pro-  are so constructed and configured as to receive inside
vide ample excess capacity in the event the operator  the reservoir the absorbent body 208 which, in the illus-
uses excess wash, developer or other reagent solutions,  trated example, is an absorbent body of sufficient size
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end shape and composition to absorb all, or substan-
tially all of the iquids which would be used in a normeal
assay, The absorbent body may be of any moisture
absorbent material, cellulosic fibers, fibars or particles
of cellnlose esters, etc, The walls 236 and 238 and the
bottom 220 generslly define a space for receiving two
vials 240 and 242 which are of glass, polymer or other
crushable or openahle material. An inexpensive poly-
meric “vial” may be formed of any suitably inert poly-
meric membrane, e.g., polyethylens, palyvinyl chlo-
ride, polycarbonzte, etc., of the desired size and shape
having a weakened or thin area in a portion adjacent the
sample zone which will rupture upon the application of
pressure. A simple glass vial may, of course, be used. In
this example, and this is but one illustrative example, the
vial 240 contains a wash solution and the vial 242 con-
tains a buffer solation.

The top or cover 260 is constrocted and adapted to fit
sougly with the battom 220 and inclodes & flange 262

~-which fits in close engagement with the flange 224 on 20

the bottom 220. The top forms and defines an opening
therethrongh in the form of a well 264 which may, s
shown, have chamfered or beveled sides, or may be in
any shape or size or configuration of convenience and,

in this embodiment, includes surrounding skirt 266 25

which directs the liquid to the sample receiving pad.
The well provides access to the pad 210 for introducing
sample and wash and reagents to the non-bibelous capil-
lery flow membrane 200 for carrying out the agsay. Ons

or more “indicator” apertures 268 are also formed and 30

defined by the top 260 permitting viewing of the “indi-
cator” zons(s) on the non-bibulous capillary flow mem-
brane. These apertures 268 may be formed of or cov-
ered with, thin, specially formed, clear or transincent

coverings, or be openings, it being necessary only that 35

one be able to see or otherwiso detect the color. ]

In this exgmple, & pair of crusher buttons 270 and 272
joined by a flexible strip 274 are positioned on the sides’
of the top and are moveable downwardly by application

of force by the user, e.g., by pressing the buttan. Each 40

of the buttons is so constrocted, configured and posic
tioned that such downward movement, a3 viewed in the
figure, will cause a portion of the button to engage one
of the vials and crush, rapture or otherwiss open the

vial. While this is a conveaient mechanism, it is not 45

pecessary to the invention that the precise mechanism
be as described in the example, For exampie, the buttons
may be independent of each other, there may be three
or more vials and three or more buttons, etc. or other

and/or opening mechanisms may be used. The 50

kit of FIGS. 4-8'is a preferred but only illustrative
embodinent.

A gimple but very effective form of the invention
apparatus is shown i FIG, 9. This apparatus comprises

& sheet of the isotropic lateral flow, ron-bibulous, mem- 55

brane having, near the center thereof, an application
zong § which is adapted, constrocted and treated as
necessary to receive and absorb for example, 2 cell-
bearing liqnid sample, e.8., blood. At least one indicator

zone A and, in this embodiment, a plurality of indicator &0

zones A, B, C and D are provided equidistantly spaced
(in this ilustration) from the sample application zone S.
In this illustration there is additional membrane beyond
exch imdicator zone ag 50 “absorbent Zons" to encour-

age flow of sample. The geometry is, of course, arbi- 65

trary; the requirements being that there be 2o applica-
tion zone capable of receiving from an external source
an aqueous liguid, optionally but preferably an absorp-

14

tion zone capable of permitting additionat flow of liquid
in the membrane, and intermediate to, and spaced from,
each of the application and absorption zones, at least
one indicator zone; the indicator zone being different
from the remainder of the membrane in that to it is
affixed one member of a binding pair, e.g., an antibody
Or a receptor, or an antigen.

As shown in FIG. 10, a substantially tiquid impervi-
ous fiim or layer 314 may be bonded to one side of the
membrane 312, there being formed a sample receiving
aperture S 2nd ane or more apertures at A and C, for
example for viewing indicator zones. Additionally, an-
other liquid impervious film or layer 316 may be bonded
to the other side of the membrane to form a sandwich.
The liquid impervious layers are, &.g., polyethylene or
other polymer film, or paper which has been ceated ar
treated, e.g., with wax or a hydrophobic polymer such
as silicone,

In one manner of conducting the method with this
illustrated epparatus, sample is applied to $'and allowed
to flow through A-D to which is affixed a member of a
binding pair. Sufficient time of incubation (30 sec—se-
veral minutes) is used in order to permit the analyte to
react with a binding er affixed in one or more
indicator zome A-D. This is followed by washing coa-
venieatly by applying wash solution to S, and then by
detection of bound malyte in A-D.

IMustrative Applications of the Invention Apparatus
Analysis of Blood Samples

Ons major application of the invention apparutus is in
blood typmg and characterization. In the assessment of
whole blood, red blood cells can be used 2s a detection
reagent, whether directly bound by their surface anti-
gens to the binding paiv member in the indicator zane or
entrapped by a complex formed betwesn members of a
different binding pair in said zone, Both soluble and
particle-borne analytes are capable of forming such
complexes.

Blood Typing and Characterization

Thus, for exampie, the invention apparatus and meth-
ods are pseful for determining the blood grouping of
erythrocytes (A, B, 0, Rh) or cell typing with leuco-
cytes or platelets (HLA or PHI).

" By way of background, cells found in mammalian
blood are, priscipally, erythrocytes (red blood cells or
red blood cells), thrombocytes (platelets), granvlocytzs,
monocytes, T lymphacytes and B lymphocytes (lenco-
cytes). Specific binding pair immmochemistry of eryth-
rocytes is important in whole blood transfusions in
which the ABO and Rk blood group matching is re-
quired. Matching of sntigens associeted with other
blood cell types is also important in transplantation and
in individual identification-—e.g., HLA typing.

- The TECHNICAL MANUAL of the American Associ-
ation of Blood Banks, American Association of Blood
Banks, Arlington, Virginia, describes the raost widely
used nomenclature. The most common blood groups
are the ABO and the Rh blood group systems. A and B
refer to antigens present on red blood cells, type O does
ot contain these antigens. Rh positive blood cells con-
tain the “Rb” or “D" antigen. The reality is somewhat

more complex, however as a first approximation, the

following immunological binding relationships are de-
fined.
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ABO Blood Grouping?
ABO Blood Grouping®
Celi Reaction with Resction of Serum
Antibodies tn Tested Againe
Blood Qroop Antigens Blood Group Cells ABO
Anti-A AmiB  ACels BCels OCedly Group
- - + + - [+)
* - - + - A
- + + - - B
+ + - - - AB

*Taken from the Technical Mzl of the American Amociation of Blood Banks.

Rh Blood Grouping

Rh Blood Grouplng
Reaction with Rh Rh
Blood Group Antigen D Oroup

+ Positive
- Negative

Reference ix made to the aforesaid Technical Manual
and to more comprehensive works for a mare eomplae
description of blood groupings and related nomencls- 2
tare. Specific binding ABO dipsticks are disclosed by
Flapp, F. V., et al, The Lancelet, June 28, 1986, pp.
1463-1466,

Platelet antigens, PM? and P4, Kof snd Kob, and
P151 and P12, and other less common platelet antigens
mnmﬂyoecuronthumfweofphmleumhnmd
a greater or lesser frequency. For example, P141, which
is associated with the cantrol of bleeding episodes, oc-
curs in about 979 of the population and P42 occurs in
sbout 27% of the population.

Human Lymphocyte Antigens (HLA) and other P4
antigens occur on the surface of platelets, PM antigent
are specific to platelets, however, while HLA are found
on all nucleated cells in the body, those of solid tissue

13

.

15

and most of the circulating blood cells, except red blood 40

cells, The major tuman histocompatibility complex
(MHC) is a closter of genes denominated HLA-A,
HLA-B, HLA-C, HLA-D and HLA-DR which pro-
duce sntigens. HLA-A, HLA-B and HLA-C antigens

constitute the major transplantation antigens. HLA-D 43

and HLA-DR are believed to be involved in immune
responsiveness,

HLA typing is fundamental to paternity determina-
tions, therapy involving blood components, organ
transplant and trassfusion compatibility determinations, 30
and in other medical and scientific studies,

lnbloodthmpy,a!ﬂghpacemgeofplmtsro-
ceiving repeated transfusion of random-donor platelet
transfusions become refrectory to further random-
donor platelet transfusions, but single domor HLA-
matched platelets can be of beaefit in treating many of
these refractory patients. HLA-A, HLA-B, and HLA-C
antigens are considersbly more important in selecting
single-donor platelets than ABO antigens which, at
most, are weakly expressed on platelets and HLA-D
and -DR which are not present on the platelet surface.
Perfect single-donor HLA-platelet matching is, at best,
an arduous process, requiring 8 very large donor pool
and a great many matching tests. [t would, therefore, be
an advance of gresat importance that the matching tests
be carried out quickly and inexpensively.

The standard technique used to detect HLA-A, -B,
«C, -D, -DR and -DQ antigens is the microlym-

55

0

65
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phocytotaxicity test. The HLA-D system is determined
by celiuler events in mixed lymphocyte culture (MLC)
tests. Primed lymphocyte typing (PLT) and Cell-Medi-
ated Lympholysis (CML) tests are also used in HLA
antigen testing, These methods and other current meth-
ods for HLA typing require sophisticated and expensive
equipment sod highly trained techniciens; see “HLA
Techniques for Blood Bankers and Technical Manual of
the American Association of Blood Banks™, (1984),
American Association of Blood Banks, Arlington, VA,
USA,

Other cytotoxicity based HLA typing methods have
also been reported; see, e.g., Grumet, et al, U.S. Pat. No.
4,471 ,056; Terasaki, et al, U.S. Pat. Na. 4,599,315; and
U.S. Pat. No. 4,324,026

Specific bmdmgmuwn HLA assays hnvealmbeen
descrived, DeFreitas, U.S. Pat. No. 4,492,760 (assay for
HLA-D typing using monocytes which had been con-
tacted with a particular antigen and then incubated with
antigen-apecific T lymphocyies or antigen-specific T
cell hybridomas) Engleman, et al, U.S. Pat. 4,634,666
(immuno-flucrescent assay for HLA antigens using
monoclonal antibodies), Old, et al, US. Pat. No.
4,650,736 (monoclonal antibodies which bind to HLA);
Eisinger, R. W. and R. A. Eatz, Program and Abstract
First Anpuat ASM Conference on Biotechnology, 1986,

Platelet antibody assays generally have been de-
scribed by Schiffer, C. A., in “A Seminar in Antigens in
Blood Cells and Body Fluids™, Bell, C. A., ed., Wash-

ington, D.C. American Association of Blood Banks;
1980:189-208) and Brand, A., et al, (Blood (1978)
781-788) and many others.

A summary of some of the available non-red blood
cell surface markers is summarized in the table below:

TABLEIV
Differentintion of Lymphocytes

Marker T Cell B Cell Macrophage
Specific Surface OKT, Lew HBLA OKMI1
Antigens
Antigen Binding VRegin g -
Receptor
Reoeprors for:
RBC (E-rosette) + - -
150 Fo (EA-tosette) + + +
IgM Fe (EA-rosette) + - -
Clb (BAC roserte) - + +
Mensles Viros + - -
Epatein Barr Vi - + +
HLA-A,B.C Antigens + + +

-D/Dr A.ntiauu +/— + +
Refs iology: Cell Function and Cellular interae-
m—hmm hl_mnlnn 1 editest by J. A. Belluuti, W, 8.

Sapnders Con Philadelphls, 1385,

As further described below, the invention method is
particularly useful in assessing the presence or absence
of these cell surface markers in blood. Antibodies to the
cell surface marker of interest are placed in an indicator
zone and a sample of blood to be tested is placed in the
application zone in sufficient volume to flow past the
indicator zone(s). Multiple indicator zones, each having
affixed antibody for a different cell surface marker, may
be used. A radial arrangement, such as that of FIG. 9
may be convenient. All of the indicator zones will ap-
pear red. After a suitable incubation period, usually less
than a minute, wash solution is then flowed past the
indicator zone(s), most conveniently by supplying the
wash solution to the application zone in sufficient
amount to wash away all unbound or unentrapped red
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blood cells. A control “blank” zone equidistant with the
other indicator zones from the application zone is useful
in verifying the correct quantity of wash; this zone will
appear clear when sufficient wash is added. The results
can then be read: indicator zones which have affixed $
antibodies to cell surface markers present in the sample
will appear red; those with antibodies to markers oot
present will be clear, If the cell surface markers are on
the red blood cells, the red blood celiy will be divectly

bound to the fixed antibody in the zone; if the markers 10

are on platelets or leucocytes, the red blood cells will be
entrapped in the complex formed by these calls with the
fixed antibody.

" Determination of Solable Blood Components

it has been found that complexes formed between
fixed antibody {or ather binding partner) and soluble

_blood componsents ave also capable of entrapping red

blood cells to generate a red color in the reaction zone.

18

tion, a lattice network is formed between the affixed
antibodies and the lipoprotein which entraps the eryth-
rocytes from the blood. Thus, when wash is added to
the application zone and flows laterally throvgh the
indicator zomes, those containing bound analyte retain
the red blood cells and appear red. In those which do
niot, the red blood calls will be washed away and these -
indicator zones will appear clear.

Usz of Added Detectable Particles

It will be evident that while assay of whoie blood
furnishes a convenient source of visible particles, non-
blood samples could also be used with the addition of
visible particles. For-example, red blood cells or col-

15 ored latex beads or the like could be used to supplement
-& serum sample, spinal fluid, or urine sample. The parti-

cles can be added along with sample, or subsequent
mefmddwﬁonmdﬁmﬁonofmﬁbody

Thus, soluble materials in the blood are assessable inan 20 mﬁmmmhmmmﬁmmm

asalogous way. For example, proteins and nucleie acid
associated with infection are capable of antibody recog-
nition or recognition by other binding partners. Other
blood components such ss antibodies or lipoproteins

can also be detected. 2

For example, ‘during the initial stages of Hepatitis B
Vires infection, the Hepatitis B surfice Antigen
(HBsAg) is detected in the serum, followed by a mea-
surable amount of Hepatitis B envelope Antigen

(HBeAg) and antibody to Hepatitis B core  Aatigen 30

(anti-HBcAg) titer during the acute stage of the disease,
Production of anti-HBeAg and anti-HBaAg occur later. -
All of thess are detectable by binding assay protocols,
a3 are indications of Herpes Simplex I and II, HIV and

cytomegalovires infections. 38

Other important sofuble blood components inclade
lipoproteins which are conjugated proteins in which the
prosthetic groups ere lipids. Thess are also found in cell
cytoplasm. Assay of dpoproteins is of interest, because

there is & direct correlation between the blood level of 40

lipoproteins, especially low density Lpoproteins, and
the risk of cardiovascular diseass, such gs sthercsclero-
sis. Apolipoprotein A-1 and Apolipoprotein B in serum
are key indicators and are considered to play a key role

in the progress and mansgement of cardiovascular dis- 45

eases.
For detection of soluble components in whole blood,
in the typical protocol, as for cell surface markers,
whole bloed is used a5 the sample, and a material specif-

or the denatured virus itself can be affixed to an ladica-
tor zone. While whole blood could be used, a3 described
above, in the alternative, the serum can be tested di-
rectly when supplemented with red blood cells or other
colored particles. Conversaly, to detect a viral or bacte-
rig] antigen, a monoclonal or polyclonal antibody di-
rected to the antigen is fixed to the indicator zore. As
before, the sample modified to contain detectable parti-
cles is appHed at the application zone and flows lateraily
through the indicator zone. In an alternative, the parti-
cles can be added subseguent to sample. In another
alternative, the particles coufd be impregrated into the
application zone during manufacture. For example,
latex beads could be lyophilized in place in the applica.
tion zone, The complex resulting in the indicator zone
pravides a lattice network which entraps the particles,
giving a positive reaction, e.g., a visible color at the
indicator zone rather than a clear zone.

In geperal, then, serum, urine, spinai fluid, plasma, or
other body fluid, or lquid from other sources, such ss
manufacturing lots in the pharmecentical, food or cos-
metic industry, cfflueats from industrial processes, or
any liquid snspected of containing a specific analyte can
be used as sample. The analyte it detected in the inven-
tion method by providing a fixed binding pair member,
capable of binding analyte or derivative thereof, in an
indicator zone, and by providing a suspension of detect.
gble particles along with the sample, or subsequent to

ically reactive with the soluble analyte is fixed in an 30 the passage of sample through the indicator zone. The
indicator zone. Multiple indicator zones can be uged,  detection is by appearance af the detectabls particles,
cach with 4 specifically reactive complementary mem-  after washing, in the indicator zone. _
ber for binding to the soluble analyte. Applications in general inclut!e monitaring antigens
For example, to tast for lipoprotein, a whole blood  and antibodies during stages of infection, and for gen-
sample of sbout 4~5 drops is applied to the application 83 eral diagnosis and monitoring of therapy. Hormones,
zons of the spparatus of FIG. 9 wherein the indicator  enzymes, other blood proteins, or tumor antigens shed
zones A, B, C or D contsin sntibody to the lipo-  ltto the bloodstream or other body fluids following
protein(s) or lipoprotein derived or related com-  chemotherapy or rediation therapy may aiso be moni-
potient(s) to be deterntined. Sufficient volume is spplied  tored. ‘
to allow for lateral migration through the membrane 60 . . .
through the indicator zones. A brief incubation of from Detection Using Non-Particulate Label
a few (e.g. 15) seconds to several (e.g., 30) minutes, While detectable particulate entrapment, especially
typically between one and two minvtes at room temper-  visible particle entrapment, i3 8 convenient method,
ature, parmits the binding of the lipoprotein to the mem-  other specific binding assays are adaptable to the
ber of the specific binding pair affixed to the indicator 65 method and spparatus of the invention, as set forth
zone. For example, one might affix anti-apolipoprotein ~ above. For example, the standard hCG ELISA tast for
A-1 in a first zone, anti-apolipoprotein B in the second,  pregnancy can be adapted to this method either with
enti-apolipoprotein E in a third, etc. After sample addi-  separata or self-contained reagents.
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Generally, for the hCG assay, a urine ssmple is ap-
plied to the application zone and allowed to flow
through en indicator zone containing anti-hCG antibod-
ies. After washing, a second, labeled anti-hCG is then
applicd to the indicator zone either divectly or by flow
from the application zone, and, if needed, followed by
developing reagents, If the label is an enzyme, the de-
veloping reagents will include the enzyme substrate.
Alternatively, the urine sample can be treated first with
iabeled murine anti-hCG and the mixture flowed later-
ally through an indicator zone to which is fixed a mono-
clonal anti-hCG 1g preparstion which binds to a differ-
ent epitope. A veriety of protocols can be used.

The can be added independently as in the
apparatws of FIGS. 1-3, or they can be seif contained, ay
in that of 4-3. In the Iatter case, for example, the indica-
tor zone may contain fixed anti-hCG; a vial included in
the apparatus may contain enxyme-labeled anti-hCG,

“Reverse" Assay Protocols

In addition to the standard method of supplying sam«
ple to the application zone, the protocol can, of courze,
be reversed by affixing the analyte from & sample into an
indicator zone and supplying detecting reagent by lat-
eral flow from the application zone. For example, the
presence of a specific gntibody or antigen in serum can
be detected by affixing the secum sample to the indica-
tor zone, followed by addition to the application zone of
a labeled form of the complementary antigen or anti-
body, respectively, In this manner, multiple samples can
be assayed in the apparatus of FIG. 5-10, or of other
design, by utilization of the multiplicity of indicator

zones.

By way of illestration, four different serum samples
to be tested for the presence of herpes vires protein are
atffized individually to zones A-~D by drying the sam~
ples applied to these indicator zones. The application
zone is then employed to effect the flow of a reagent
solution containing labeled anti-hepatitis antibodies

through the membrane and past the indicetor zones. 40

Incubation time is allowed to permit any viral protein in
the samples to hind to antibody, and s wash solution is
then applied to the application zone to wash away enti-
body not bornd to the indicator zones, If the label is an

enzyme, this is followed by a detection reagent such ns 45

a substrate mixture. Alternatively, non-labeled antibod-
fes can be used as the initial reagent, followed by addi-
tion of, for example, colored particles as described
above, or a labeled antibody reactive cither with the

viral antigen or with the antibody resgent. The pres- 50

ence of label showing viral antigen in a particular zone
indicates the presence of viral antigen in the relevant
sample.

In an afternative protocol, for example, urine samples
10 be tested for the presence of hOG are placed individ-
ually in indicator zones A-D and dried. A reagent coe-
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whole blood test sample from a potential donor is sup-
plied to the application zone and permitted to laterally
flow through the indicator zone. After a suitable incu-
bation, a wash sohution is applied in the application
zone. A lack of signal is indicative of compatibility
between the recipient and the tested domor, A positive
reaction (red spot in the indicator zone) is indicative of
an incompatible match due to antibodies present in the
recipient’s sesmm recognizing and binding the antigens
present on the potential donor's platelets. The incom-
patible match results in exclusion of this donor for the
recipient. Multiple donors can be screened using multi-
ple test units,

In an alternative form, serum samples from several
recipients requiring platelet transfusions could be tested
against a single potential domor to determine com-
patibility/incompatibility. Serum from cach recipient
would be spotted into individual indicator zones and
dried. A whole blood test sample from a potential donor
could be applied at the application zone and compatibil-
ity with any of the recipients determined. This type of
antibody screen assay wauld be applicable for platelet,
red blood cell snd other cell components transfusion
compatibility or crossmatch testing.

Semi-Quantitative Assay

By varying the amaunt of specific binding pair mem-
ber in a multiplicity of indicator zones on the mem-
brane, the assay can be made semiquantitetive. For
example, serial dilutions of antibody can be used in
zones A-D) of the apparatus of FIG. 9-10, and sample to
be analyzed for antigen provided to the application
zone. Labeling can be by subsequent addition of, e.g.,
lebeled Ig capable of binding to the complex, or by the
use of detecteble particles.

In this assay, higher concentrations of analyte are
able 10 show detectable reactions to lower amounts
(higher dilutions) of affixed binding pair member. Thus,
by calibrating serial dilutions of 2 binding pair member
preparation, affixed over a series of indicator zones, to
varying concentrations of analyte, an at least semi-quan-
titative result can be obtained.

EXAMPLES
The following examples iilustrate, but do not limit the
invention.
EXAMPLE |
Determination of Platelet Antigen Components

The illustrative apparatus of FIGS. 9 and 10 was used
to determine the platelet surface antigen in blood sam-
ples, There are two major groups of glycoproteins pres-
ent on the platelet cell surface; platelet-specific antigens
(PMI, PH2, PIE, Lek, Bak, Duzo) and platelet-

taining labefled anti-hCG antibody is supplied to the associated antigens (HLA-A, -B, -C antigens), which
application zone and permitted to flow through the  &r¢ aiso found on other cell types.

membrane past the various indicator zones A-D. After

Referring to FIG. 9, whole bload is applied to the

2 suitable incubation period, a wash sciution is applied 60 application zane, S, the sample components, including

at the application zone S, or in the alternative, directly
to the indicator zones, The presence of label in #n indi-

plateiets and red blood cells, laterally flow through the
membrane passing the indicator zones, ezch of which

cator zone, then, demonsirates the presence of RCG in  contains antibody specific to a platelet antigen. In zones

the sample.

ining antibody specific for a platelet marker pres-

containing
In another cxampile, compatibility for platelet transfu- 65 ent in the sampls, the bound platelets form a lattice

sion between potential donors and a recipient can be
determined. Serum from the donor can be placed on

network which eatraps the red blood cells in the test
sample. This s evidenced s a red color in the zone

multiple test units in an indicator zone and dried. A  following the addition of wash buffer to remove un-
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bound cells. A clear or white zone is indicative of a lack
ofdxgmlevant marker. ’

pi! Antigen
Extra Fine grade and Fine grade Ultra High Molecu- 5
Iy Polyethylene porous plastic (Porex Technologies
Inc., Fairbun, GA) was cut inte two-inch longx0.5
inch strips. Five microliters of antibody with demon-
strated specificity to the P14! antigen (Lot KRO, Blood

Center of Southeastern Wisconsin) was spotted approx- 10

imately one inch from the end of the poroms plastic
strip. The pasitive controf for this assay consisted of
spotting 5 ul of Rabbit Anti-Thrombocyte Membrane
(Daho,latGSS)ontodnplicatcmi?s.'I‘hismﬂbody
binds all platelets regardless of Pi4l phenotype.
strips were dried at either 37* C, or 25° C. for 15 min-
utes. The dried strips were stored at 257 C. with desic-
cant capsvoles (Dricap, Multiform Desiccants, Inc.),
Prior to of the assay, sbsorbent pads

(Schicicher and Schueli, #A300) were attached to one 3

end of the porous plastic strip, Plateleis were previously
typed for P4 antigen by the immunofluorescence pro-
cedure (St. Louis. American Red Cross). Blood samples
were collected in ethylenediamine tetraacetic scid

(EDTA) smticoagulant. Four to five drops (100-125 pl) 5

of whole blood were added to the sample application
end of the porous plastic strip. This ensured a sufficient
volume of blood to flow Isterally past the antibody
spotted region. Following a three minute incubation at

The |3

22

GA) was cut into 1.5 inch longX 1.5 inch blocks. The
block was assembled between two polystyrens pieces
slightly larger than the porous plastic block. Five wells
or windows were punched out of the top polystyrenc
picce at a distance of approximately 0.25 inches from
the center of the porous plastic block, Four microliters
of either monocional Anti-Blood Group A (Ortho Di-
agnostics, Lot 109D), monoclonal Anti-Blood Group B
(Ortho Diagnostics, Lot BBB $06A) or Anti-Blood
Group Rh (Ortho Diagrostics, Lot DN 298A) were
spotted inta individual wells, The positive control for
this assay consisted of spotting 4 ud of Rebbit Anti-Bry-
throcyte Membrane (Dako, Lot 015) into a fourth well.
This antibody binds all erythrocytes regardless of ABO
Rh blood type. A fifth well serves as the negative con-
trol well and &5 nnt spotted with any antibody, but
serves to demonstrate the lack of nonspecific reactions
as well as the complete removal of urbound red blood
cells from the test area, The spotted units were dried at
37* C. for 30 minutes. The dried units were stored at 25°
C. with desiccent capsules (Dricap, Multiform Desic-
cants, [nc.).

Blood samples were collected in EDTA acid citrate
dextrose, or ACD; citrate phosphate dextross, or CPD;
citrate phosphate dextrose adenine, or CPDA-[; or
Adsol, a brand name of Baxter-Travenol, Chicago,
Llinois; or heperin anticoagulants. Four drops (100125
ul) of whole blood were added to the center sample

25" C,, 16-20 drops of wash reagent were added to the 35 application well. This ensured a sufficient volume of

sample application end. This cansed the unbound cells
to flow from the antibody spotted region to the absor-
bent-pad ares

A pusitive reaction was characterized by a red dot at
the site of antibody application. This results when the
porous plastic affixed antibody (Anti-Fl4!) antibodies
recognize the FI4! antigen present on the platelet cell
surface and bind the platslets, This smbsequently forms
a lattice which entraps the red blood cells o the test

sample. A negative reaction is identified 23 & clear or 4,

white region at the antibody application site.

Blood samples from three donors identified as being
PH! positive by immunofluorescence produced a posi-
tive reaction with an Anti-PM! serum (Lot KRO); nega-

blood to flow laterally past the antibody spotted re-
gions, Following a thirty second incubation at 25* C,,
16-20 drops (approximately 0.5-0.6 ml) of wash reagent
were added to the center sample spplication well. This
caused the unbound cells to flow from the antibody-
spotted (indicator) region to the remaining (absorbent)
region of the poross plastic block.

A positive reaction was characterized by a red dot at
the site of antibody application. This results when the
antibody sffixed to the porous plastic recognizes the
appropriate erythrocyte cell surface antigen and binds
the red blood cells. A negative reaction is identified as
a clear or white region at the antibody application site.

tive reactions were obtained from two PH! negative The following results were obtained:
d.om_zrs.(Apc)aimu:t:a&:»:ttrt)lintlu:asxayusedRﬂht!i:t"5
Anti-Thrombocyte (Dako Lot 015) as a binding anti- Number Correctly
body in the reading zone; it binds thrombocytes regard- Total * [dentified by
less of P! phenotyping. Blood samples from ail five Blood Group®  Samples Tested  RBC Lateral Flow
donors tested produced positive reactions.) 50 A 4] £
Ay 7 7
Resalts B 4 &
o 58 4
AB 3 31
_Reguits, | Rh Positive 14t o
Angi- Pesitive RBC Lateral 55 Rh Negative s 9
Donor I PiAlstrie®  Control Flow D Positive 4 4
ABO#21l  Negative  Poiltive Negative “Detecribned by Routine Tube Testing hemaggivrinaiion proseduses
ABO¥IR2 Positive Positive Positive
ABO#131 Pasitive Paltive Pasitive
Am#:;g Negtive  Paditive Negative EXAMPLE 3
Poslive Zoskive @ ABQ Reverse Grouping Immunoassay

&mewummmm

EXAMPLE 2
_ ABO Rh Grouping

Fine grade Ultra High Molecular Weight Polyethyl-
enz porous plastic (Porex Technologies, Inc., Fairburn,

65

The seram of type O blood contains anti-A and anti-B
immunoglobulins, that of type B blood contains anti-A;
that of type A blood, anti-B. Thus blood can also be
typed by detecting these antibodies in serum, The test
sera are spotted into indicator zones and fixed and as-
sayed by applying whole blood of known type to the

application zone.
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Extra Fine grade Ultra High Molecular Weight Poly-
ethylene porous plastic (Porex Technologies, Falrburn,
Ga) was cut into two-inch long X 0.5 inch strips. Five ul
of serum from a Blood Group A donor (MH), & Blood
Group B donor (RWE), a Blood Group O donor {ABO
#31) and a Biood Group AB donor (Serologicals #44)
were spotted approximately one inch from the center
on duplicate porous plastic strips. The positive controt
for this assay copsisted of spotting 5 ul of Rabbit Anti-
Erythrocyte Membrane (Dako, Lot 015) at a second site
onuchstnp.mpcmuveconunluﬁbodybindull
red blood ceils regardless of blood

'l‘hestnpsweredzndateuhtrB‘I'C.orH'C.for 15
minutes The dried strips were stored at 25" C. with
desiccant capsules (Dricap Co.).

Prior to performance of the assay, absorbent pads
_ (Schlcicher and Schuell, #A300) were attached to both
" ends of the porous plastic strip. Red blood cells which
hldbemprmonsly typed using routine tube testing
hemagglutination procedures were collected in ethy-
lene-dlamine tetrascetic acid (EDTA) anticoagulant.
Four to five drops {100-125 ul) of whole blood from
identified Blood Group A or Blood Group B donons
were added 1o the center of each porous plastic strip.
Thncnsnredasafﬁctmtvolmeufbloodtohtmlly
flow past the antibody spotted regions. Following a one
minute incubation at 25° C., 6~8 drops of wash reagent
were added to the center of the strip, This caused the
unboundcellstoﬂow&omtheantxbodytpotﬁedmgion
to the sbsorbent pad area,

Aposinvemnonwuchmctermdbyneddotat
the site of antibody application, e.g., red color will
appesr for blood type O when tested with A and B red
blood cells; for blood type B with group A red blood
celly; and for blood type A with group B red blood
cells. Type AB serum will produce clear (negative)
?mmmw;thbothpoupAmdmpBredblood

The results are as follows:
Donor RTT Pasitive RBC Latersi Flow
Ip Grouping® Control  ACells  BCels
MH Group A Positive Negative  Posltive
RWE Qroup B Positiee  Positive  Negative
ABO#Il  Group Q Positive  Positive Poxitive
Sero.té4  Group AB Positive Negative  Negasive

*As deterrained by standard Rovtine Tube Testing Procedurrs.

EXAMPLE 4

30
A Red Blood Cell Typing (Unexpected Red Blood Cell

Antibody Screen) Immunoassay

Extra Fine grade Ultra High Molecular Weight Poly-
ethylene porous plastic (Porex Technologies Inc., Fair-
burn, GA) was cut into two-inch long X 0.5 inch strips.
Five microliters of ANTI-C (Ortho Diagnostics, Lot
CS 15TA) were spotted approximately one inch from
the center of the porous plastic strip. The positive con-
trol for this aseay consisted of spotting 5 ul of Rabhit
Arti-Erythrocyte Membrane (Dako, Lot 015) at a sec-
ond site on the strip. The positive control anribody
binds all red blood cells regardless of blood grouping.
The strips were dried at either 37° C. or 25° C. for 15
minutes. The dried strips were stored at 25" C. with
desiccant capsules (Dricap Co.).

Prior to performance of the asssy, absorbent pads
(Schleicher and Schuell, #A300) were attached to both

3

10

13

35

48

58

1]

&5

A
previously typed using Routine Tube Testing hemag-
glutination procedures (University of California, San
Du:go Medical Ceater). Blood samples were obtained
from collection urit segments containing CPD antico-
agulant, Four to five drops (100-125 ul) of whole biood
from a donor were added to the ceater of the porous
plastic strip. This ensured a sufficient volume of blood
to laterally flow past the antibody spotted regions. Fol-
lowing a 1.5 minute incubation at 25" C., [6-20 drops of
wash reagent were added to the center of the strip. This
caused the unbound cells to flow from the antibody
spotted region to the absorbent pad area.

A positive reaction was characteriyed by a red dot at
the site of antibody application. This results when the
antibody affixed to the porous plastic recognizes the
specific red blood cell antigen present on the cell sur-
face and binds the red blood cell. A negative reaction is
identified as a clesr or white region at the amtibody
application site.

Resulta
Positive RBC
Dogor D RTT Cirouping® Cantrol Lateral Flow
Kc C positive Positive Positive
PB © € negative Positive Negative

*Aa determined by rusdard Rowing Tobe Testing procedures, UCSD Medien)
Ceater.

EXAMPLE 5
Tissue Typing Immunoassay

A. Extra Fine grade and Fine grade Ultra High Mo-
lecular Weight Polyethylene porous plastic (Porex
Techoologies Inc., Fairburn, GA) was cut into two-
inch longx 0.5 inch strips. Five microliters of Rabbit
ANTI-Thrombocyte Membrane (Dako, Lot 035) were
spotted appraximately one inch from the center of the
porous plastic strip. The anti-thrombocyte is specific to
binding platelets and thrombocytes. The poshive con-
tro] for this assay consisted of spotting 5 ul of Rabbit
Anti-Erythrocyte Membrane (Dako, Lot 015) at a sec-
ond site on the sirip. The positive control antibody
binds erythrocytes, but does rot bind to platelets. A
third region of eech strip was designated as the Nega-
tive control. This area was Bot spotted with an anti-
body, rather it served to demonstrate appropriate re-
moval of unbound red bicod cells from the strip and
Iack of son-specific reactions. The strips were dried at
3T C. for 15 The dried strips were stored at 25° C. with
desiccant capsules (Dricap Co.).

Pror to performance of the assay, absorbent pads
(Schieicher and Schuell, #A300) were attached to both
ends of the porous plastic strip. Blood samples from two
group O donors were obtained in EDTA anticoagulant.
Four to five drops (100-125 ul} of whole blood from a
donor were added to the ceater of the porous plastic
strip. This ensured a sufficient volume of blood to later-
ally flow past the antibody spotted regions. Following a
30 second incubstion at 25° C., 4-6 drops of wash rea-
gent were added to the center of the strip. This cansed
the onbound cells to flow from the antibody sposted
region to the ahsorbent pad area.

Assay specificity was tested by preparation of Plate-
let Rich Plasma from aliquots of each test sample to
remove the thrombocytes and platelsts, The remaining

ends of the porous plastic strip. Red blood cefls were  packed red bloog cells were subsequently washed three
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times in PES. Four drops of each cell suspension wete  {orms a lattice network which serves to entrap the red
subsequently tested as described above. blood cells in the test sample. A negative reaction is

The addition of 100 vl of the Platelet Rich Plasma to
the washed red blood ¢ell fractions was performed to
demonstrate the celf specificity of the reactions. A posi-
tive reaction was characterized by a red dot at the site
of antibody application. This results when the antibody
affixed 10 the porous plastic recogrizes antigens present
on platelet and thrombocyte cell surfaces and binds

these cells thus forming a Iattice network entrapping 10

red blood cells in the test sample, A uegative reaction is
identified as a clear or white region at the amtibody
application site.

Whole blood samples from two donars, previcusly

typed by lymphocytotoxicity as HLA-A2, produced |3

assay provides a simple alternative to current methods 4

to provide platelet type evaluation to crossmatch do-

nor/receptor in transfissions.
Results
Agtls

Arti- Brythro-  Negative
Danar 1D Thrombacyte  ctye Contral
ABOMS(Gr.0) Positive Potitive  Negative
ABOMGtOMers PRP  Negative Posifive  Negative
ABO#45(Gr.O»Add Back  FPositive weak  Positive  Negative
ABO¥203(T1.0) Positive Positive  Negmive
ABOP208(Gr.OMess PRP Negntive Positive  Negative
ABOF08(Gr.0pAdd Back  Positiva weak  Positlve  Negative

identified as a clear or white region at the antibody
ion site.

Whole blood semples from two donors, previously
typed by lymphocytotoxicity as HLA-A2, produced
positive reactions; one donor who was typed HLA-A2
negative gave a negative reaction. All three donars,
regardless of HLA profile, gave positive reactions with
the Anti-Thrombocyte positive control. The zbove
assay provides a simple alternative to current methods
to provide platelet type evaluation to crossmetch do-

nor/receptor in transfusions.
Results
Anti- Posltive  RBC Lateral
Donor [D HLA-AZ status*  Control Flow
I5 Negative Positive Negative
RWS " Positive Positive Positive
NA Potitive Positive  Puositive
*As deterrined by microlymph icity testing, UCSD Medical Center,
EXAMPLE 6§
Detection snd Quantitative Measurement of
Apolipoprotein B.

Fine grade Ulira High Molecular Weight Polyethyl-
ene porous plastic (Porex Technologies Inc., Fairburn,
GA) was cut into 1.5 inch long 1.5 inch blocks. The
block was assembled between two polystyrene pieces
slightly farger than the porous plastic block. Six wells
or windows were punched out of the top polystyrens

B. HLA-Typing: Extra Fine grade and Fine grade 35 piece at a distance of approximately 0.25 inches from

Ultra High Molecolar Weight Polyethylene porous

binds afl platelets regardless of HLA phenotype. The 45

strips were dried at etther 37° C. or 25* C for 15 min-
utes. The dried strips were stored at 25° C. with desic-
cant capsules (Dricap Co.).

Prior to performance of the gssay, absorbent pads
(Schleicher and Schuell, #A300) were attached to one
end of the poraua plastic sirip. Platelets were previously
typed for HLA-A2 antigen: by the microlym-
phocytotoxicity procedure (University of California
San Diego Medical Center). Blood samples were col-

the center of the porous plastic biock. Five microliters
of either Sheep Anti-Human Apafipoprotein B (Bochr-
inger Mannheim, Lot 10688829.07) or serfally diluted
Sheep Anti-Human Apolipoprotein B antibody were
spotted into imdividual wells, The positive control for
this assay consisted of spotting 3 ul of Rabbit Anti-Ery-
throcyte Membrane (Dako, Lot 015) into a fourth weil.
This antibody binds all erythrocytes regardless of ABO
Rh blood type. A Negative Control well is not zpotted
with any entibody, but rather it serves to demonstrate
the absence of non-specific reactions and the complete
removal of unbound red blood cells form the test area.
The spotted units were dried at 37° C. for 30 minutes.

sp The dried units were stored 2t 25" C. with desiccant

capsules (Dricap, Multiform Desiccants, Inc.).

Blood samples from two doaors were collected in
EDTA anticoagulant. Five drops (100-125 ul) of whole
blood were added to the center sample application well.

lected in Ethylene Diamine tetrancetic acid (EDTA) 35 308 ensured s sufficient volume of biood to flow later-

anticoagulant. Four to five drops (100-125 ul) of whole
blood were added to the sample application end of the
porans plastic steip, This ensured a sufficient volume of
blood to flow laterally past the antibody spotted region.

ally past the antibody spotted regions. Foilowing a 1.5
mirute incubation at 25° C., 26-30 drops (approximately
0.60-0.75 ml) of wash reagent were added to the center
sample application well, This caused the unbound celts

Following a three minute incubation at 25" C., 16-20 & 0 flow from the antibody spotted region to the absor-
drops of wesh reagent were added to the sample appli-  beat region of the porous plastic block.
cation end. This cansed the unbound cefls to flow from - Assay specificity was tested by preparation of packed
the antibody spotted region to the absorbent pad area. red blood cells from aliquots of sach test sample to
A positive reaction was characterized by ared dotat  remove the Apolipoprotein B serum components. The
the site of antibody application. This resnlts when the 65 remaining packed red blood cells were washed with
antibody affixed to the porous plastic (Anti-HLA-A2)  phosphate-buffered saline (PBS) and resuspended in
recognizes the HLA-A2 antigen present on the platelet  varying amounts of Apolipoprotein B free serum (Scan-
cell surface and binds the platelets. This subsequently tibodies Laboratories, Lot 733A). These replacement
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study samples were subsequently tested according to 10-30 mg/m! was then applied to the avidin spot, and
the procedure described above. the strip again dried for three Hours at 37* C.

_Commuvcmdieswmpcrfomgdwithaopmm A.3 In the third spproach, polystyrene beads from
cially available RIA product. A positive reaction was  Polysciences, Warrington, PA were used to adsorb
characterized by a red dot at the site of antibody appli- 5 polyclonal antihuman gomadotropin antibodies.
cation. This results when the porous plastic affixed One volume of polystyrene bead suspension.(0.2-1 u
sntibody recognizes and binds the Apolipoprotein B gpmeter, 2.59% solids) was added to two volumes of
yecum component, The feslting lattice nctwock Which  yffnity purified polyclonal anti-bCG tn 078 mg/mi in
;‘d"‘blmmd iy ﬂ::m“‘“ binding serves to cattap e giycine buffered mline (0.1 M Glycine, 0.2 M NaCl, pH
I o sample. A BEgAtIVE IEACtOR IS 10 g 3y The aptibody bead suspension was mixed for 24
ldmﬁﬂ:d‘ 83 a clear or white region at the antibody houss at 25° C., and then centeifuged in an Eppendorf
application site. model $414 centrifuge for five minutes. The supernatant

Results was discarded and the beads were suspended in block-
: (s ing solution (0.1 M KPOs pH 7.2, 1% BSA, 002%
NaN3), mixed for three hours at 25° C., and the beads

Donar RBC Lateral

Test Sample RIA Valiemg/dl*  Flow Titer** were again ccq!nfuged as above.‘ washed, mixed, and
ERowhoie thood % v centrifuged twice with the blocking buffer. The beads
100% replacement 0 12 were finally resuspended in the same buffer at a concen-
50% replacement 4@ 14 o tration of 1% solids based upon starting concentration.
g;hhw @ 13 A 20 ul spot of these antibody absorbed beads at 1%

replecement solids was spotted on to the Porex strip approximately

Jor-orghigri ;’,‘:mg&m‘:‘&;m Bgviagapouive |} from the end of the strip, The beads were dried for

reaction comparsbie to the posisive conerol reaction. three hours at 37° C.

The results show that the assay can be made semi- > B- Assay for Streptococcus A Using Eazyme Detection
quantitative by osing varying concentrations (in this A 500 ul suspension of nitrous acid extracted Group
case scrial dilutions) of the specific binding reagentin A streptococcus was prepared by treating the equiva-
mmﬁfmﬂ:ﬂ&ngﬁgwmmmfﬁtgﬁm are de-  [en of 5105 bacteria with 2 M nitrous acid for one
tected by r y preparations. 3 minute, and neutralizing with 0.75 M NaOH, 0.5 M-
, The indicator zones can thus be graduated for detec- ™ Trig. To this suspension was added 100 ul of a conjugate
tion and calibrated to obiain the semiquuntitative & o fpbie a0 Gronp A streptococcus which had beea

tion will detect 58-60 mg.dl apo B (and all higher con- : " i
centrations); however, 1:4 dilution will detect 40 mg/dl, man) snd conjugated to alkaline phosphatase, The mix

» . 3% ture was applied dropwise to the end of a Porex strip.
while the 1:8 dilution will not. Thus, the highest dilution . \
at which reaction Is detectable will give a of The strip contsined an indicator zone t0 which was

concentrati affixed antistreptococens A. Fixgtion was 2s described
,thc tiom of anslyte. in Section A above. The sample was allowed to flow
EXAMFLE 7 lateraily past the immobilized antibody (indicator zone)

Assay for Group A Streptococcus 40 spot and into an ahsorbent pad at the end of the strip.

The strip was incubated for 2-3 minutes, and washed

A. Fixation of Specific Binder to Indicator Zones by .pplyifg 1 m! of borate-saline. TWEEN T™ deter-
Three different approaches were developed for im-  gent wash buffer 2 mi/l TWEEN ™™ detergent 20;
mobilizing antibody within the support matrix: 0.477 g/ Na borate , 10 Hz0; 0.309 g/1 boric acid; 0.2
1. Antibody was concentrated by Amicon ultrafiltra- 45 g/1 Na azide; 23.3 g/1 NaCl). The buffer was sdded
tion or collodion bag, and applied directly to ths in-  dropwise to the end of the strip to flow laterally past the
tended indicator zone of a Porex porous plastic strip.  indicator zone into the sbsorbent pad. The bound strep-
The Parex was then dried. tocoecus A was detected by applying 0.5 ml of alkaline
2. Antibody was concentrated as sbove, biotinylated,  phosphatase chromogen (1.1 mg/ml 5-bromo-chloro3-
and applied to the dried indicator zone containing af- 50 indolylphosphate, p-toluidine salt, pH 10.1 in 26.7 g/1
fixed avidin, and then dried. X aquecus aminomethy] propanol) to the end of the strip
3, Polystyrene beads, adsorbed with antibody, were  tg flow Iaterally past the indicator zone. After 1-2 mig-
gpplied to the Porex to obtain an indicator zone in the  ytes incubation, the results were read; blue color signi-

farm of a spot. The beasds counld also be sprayed onto the i iti L
desine porcion of the Pores, 1o (hat by o s s {ying positive response, no color as a negative response.
be nsed as indicator zones. EXAMPLE §

Details Assay for hCG

Al In the first approach, a 10-20 ol spot of cancen- A solution of HCG was prepared as a 500 ul sample
trated DEAE purified rabbit anti-Group A strep anti- 60 conining 50 m{U hCG in buffered saline or urine. To

" body at 10-30 mg/ml in 0.1 M Ne; CO; buffer, pH 9.5 this was added [00 ul of a conjugate of monocional

was applied approximately | from the end of the Porex  @3thhCG which had been pastially purified over
strip, The strip was dried for three hours at 37° C. DEAE celluose and conjugated to alkaline phospha-

A.2 In the second approach, a 1020 uf spot of avidin *  tese. The mixture was applied dropwise to the end of a
at 10 mg/ml in 0.1 M NayCO; buffer pH 9.5 was applied 65 Porex porous plastic strip containing an indicator zone
approximately § from the end of the Porex strip. The  with affixed anti-hCG antibody prepared as in Prepars-
strip was dried for three hours at 37 C. A second spot  tion A.3 of Example 7. The sample was allowed to flow
of biotinylated rabbit anti-Group A strep antibody at  laterafly past the antibody absorbed bead spot (indicator
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zone) and into an absorbent pad at the end of the strip. 11. The apparatus of claim 1 wherein the member of
After incubating the sirip for 2-3 minutes, the stripwas ~ the binding pair immobilized in the indicator zone is an
washed by applying | ml of borate-saline. TWEEN TM  antigen.
detergent wash buffer dropwise to the end of the strip 12, The apparatus of claim 1 which further contains a
to flow laterally past the indicator zone into the absor- $ sample receiving pad in contact end on the top surface
bent pad. As above, 0.5 ml of alkatine phosphatsse chro-  of the liquid sample application zore on the non-bibo-
mogen was applied to the end of the strip to flow later-  lous lateral flow membrane. )
ally past the indicator zone. The results were read 1-2 13, The apparatus of ciaim 12 wherein said sample
minutes after incubation, blue color signifying positive  receiving pad contains a reagent reactive with analyte
response, no color signifying a negative response, 10 to form a derivative of said analyte which derivative is

] . reactive with the member of the binding pair that is

Industrial Application immobilized in the indicator zone.

This invention finds application in basio and clinicat ~ 14. The apparatus of claim 13 whesein the reagent is
research medicing, immunology, and the fike, in foren- 80 amtibody or satigen or fragment thereof. ,
sic science, and in the biochemmical snd biological indus- 15 15- The apparatus of claim 1 which further comprises
tries generally, . a breakable container of liquid reagent, said container
. We claim; mpomomd" -bil-::l as mmrelme the reegent luterally through

1. Apparatug for determining the presence or shsence no-Gibulgus flow membrane and through
ar the approximate amount of an enalyte in a liquid the indicator zone without passing through the liquid
sample which method ises: . 20 sample application zone, . )

& non-bibulons leteref flow membrane; wherein said 16 The apparstus of claim 15 which further includes
" membrans hss on its surface; ° : ﬂmwbrﬁkﬂﬁhm- b

sample application defined . An apparatus for measuring the presence or a
lmwﬂ m:ﬁe. zone Fomw sence Or approximate qw:ﬁtyofanamlytc_ingliquid
nlmtoncindica!o;mnespaced Iaterally gpart 25 sample which apparatus comprises, in combination:
the application zone on said surface, wherein im- ““““?i"“h“"““?‘%‘”mm . .
mobilized in said indicator 7008 is 8 member of g L0V for Baliing the membrane, said holding
binding pair capable of binding said analyte or a lbmngd:;co E;ﬁtofnrm; the nou-bib
derivative of ssid analyte; and mesns dafining an spplication zane on the non biou

: -’ 0 fous lateral flow membrane for receiving » ligquid
wherein the lateral spacing of the application zone sample in said application zone; :
end the indicator zone is configured s0 a3 0 CaWSE o Jeasy on indicator zone laterally epart from said

the liquid sample introduced at the application a ; : e
pplication zone on said membrane to which is

zennmﬂowbzgnn:n-bibtﬂoushtm!ﬂowthmngh mmobilized 8 member of » binding pair, ssid mem-
wthm':me' : bilized ber to react with 35 fmmmhmthmﬂmoradmuw
said analyte or derivative thereof 50 that the pres- reading access means for permitting the indicator
ence or shsence or approximate amount of snalyte 20me {0 be read, thus permitting measuring the
is determined in the indicator zone. presence or absence or approximate quantity of

2. The apparatus of claim 1 which further includes an 49 analyte by reading said indicator zone.
absorption 2one in latera] contact with said indicator 18, The apparatus of claim 17 which forther com-
zone $0 89 to cause said liquid sample o flow through  priges & bityalous sbsarbent body; and

the indicator zone and into the sbsofption zone. " means for positioning a portion of the non-bibulous

3. The apparatus of claim 2 wherein the absorption lateral flow membrane into contact with the absor-
Zone comprises a contignous portion of the non-bibu- 44 bent body for permitting liquid to flow from the
lovs lateral flow rembrane, menbrane o the absorbent body,

tThcamm_efd@thgdnthes}bmrpﬁon 19. The epparatus of claim 17 further comprising a
zons comprises a bibulous absorption body in contact  gample receiving ped on top of and contacting the liquid
with the non-bibulous lateral flow membrane, sample apphcation zome.

5. The spparatus of claim 1 wherein the membrane is 49 20, The apparatus of claim 19 wherein said sample
elongited in the application zone and the indicator zone  receiving pad contains a reagent capable of reacting
are linearly spaced along the non-bibulous lateral flow  with analyte to form a derivative of said analyte which
membrane, is reactive with the member of the binding pair that is

6. The apparatua of claim § which comprises a multi-  immobilized in the indicator zone.
plicity of indicator zones linearly spaced along the non- §5 21 The apparatus of claim 17 forther comprising:

bibulous lateral flow membrane. at least one breakable container of liquid reagent,
7. The apparaius of claim 1 which comprises a multi- mid container positioned to permit liquid to flow

plicity of indicator zones spaced radiafly around the from the comtainer, upon being broken in use, into

liquid sample application zone. the non-bibulous lateral flow membrane and

8. The apparatus of claim 7 wherein the indicator 60 through the indicator zone without passing
zones are equidistant from the liquid sample application through the liquid sample application zone.
zome. 22. A method for determining the presence or ap-

9. The apparatus of claim 1 wherein the member of  proximate amount of analyte in a semple comprising the
the binding pair immobilized in the indicator zoneisan  steps of:

antibody or fragmeni thereof, 65  placing the sample on the liquid sample application
10 The apparates of claim 9 wherein the antibody or zone of a non-bibulous lateral flow membrame
fragment thereof immobilized in the indicator zone is which comprises a liquid sample application zone

immunoreactive with a blood group antigen, : ang at least one indicator zone spaced apart from
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said application zone Iaterally on the surface of said detecting the presence of the particles in the indicator
membrane, there being immobilired in said indics- zane as a means of detecting the formation of the
tor zone a member of a binding pair capable of specific binding pair complex.
binding the snalyte or a derivative thereof, 3%, The method of claim 34 wherein the particles are

" said sample being of sufficient quantity to cause sam. 5 red blood cells,
ple liquid to flow laterally from the application 36. The method of claim 34 wherein the particles are
zone through said indicator zone to permit the  colored Iatex.
binding of anslyte or derivative thereof with the 37. The method of claim 34 wherein said detectable
member of the binding pair immobilized in the  particles are present in a sample providing an analyte,
indicator zone; and 10 which analyte is a member of said complex.
assessing the binding of the analyte or derivative 38. The method of claim 37 wherein said sample is
thereof in the indicstor zone, to determine the  Whole blood.
presence, absetice of approximate amount of ana- 39. A metbod for determining the pressnce or ab-
Iyte. sence of approximate amonnt of an analyte in a liguid
2. The method of claim 22 wherein the member of ° sample comprising the steps of:
the binding pair immobilized in the indicator zone ia an applying the sample to the liquid sample application

antibody or fragment thereof and the analyte is an anti- zone of a non-bibulous lateral flow membrane hav-
gen which contains an cpitope reactive with the ant- ing & pore size of 1-250 microns which membrane
body or fragment thereof, 2 mnidlppﬁuﬁmmmdulmtm}e

24, The method of claim 23 wherein the antigen is a indicator zone spaced iaterally apart from said
soiuble antigen. : . application zone on the surface of said membrane,

23. The method of claim 24 wherein the antigen s there being immobilized in said indicator zone &
selected from the group consisting of, tissue-specific member of a binding pair capable of binding the

cell qurface markers, tissne-shared cell surface markers, 44 analyte or a derivative thereof,
viral-agsociated cell surface markers, tumor-specific cell ;aidmpl;bdngof sufficient quantity to cause sam-
surface merkers, bacterial polysaccharides, viral coat ple liquid to flow lsterally-from the application
proteins, hormones, deugs, sod gatibodies. mn?through.niglhdicstorzonc;and o

26. The method of claim 24 wherein the antigen is ~ detecting the binding of the analyte or derivative
selected from the group cansisting of apolipoprotein B 39 thereof in the indicator zone;

and apolipoprotesin Al wherein gaid detecting is effected by entrapping de-
27. The method of claim 23 wherein the antigen is tectable particles in a complex formed by the bind-

bound to the surface of a particle. ing of the analyte or derivative thereof with the
28, The method of ciaim 77 wherein the particle i a member of the binding pair immobilized in the

- partic ¥ tl:v.-ﬂm;ml f th icles in the indi
29. The method of claim 27 whereln the iole is assessing entrapment of the particles in ca-

selected from the group consisting of red blood cells, torzoqetc:e m?eoft::,?me or absence of

i 1 2 3 Approximaie amoun! yte.
platelets, tumor oell, bacterls, viruses, and viral Pt 45 "Fy meeiod of claim 29 wherein the particies are

30. The method of claim 29 wherein the particleis n 40 23863 :';p‘h‘l. "".l““z:";?"’ before said sample is applied

o e of claim 22 wherci - 41. The method of claim 39 whereia the particles are
. whetein the derivative of ot . .
the analvtais & coni of said anal ith  prember suspended in liquid and applied to the liquid sample
yieis 8 conjugate yte with a gremt application zone after the sample has been applied to

complementary to the member of the binding pair im- «s said spplication zone.
mobilized in the indicator zone. thod . . :

32. The method of claim 31 wherein the member pm Ee m:lt;cimm 39 whezcin the particles are
conjugated to anslyte is further conjugated to label. ai : .
33, The method of clsim 31 wherein tuid member ooy oo of cim 39 whesein the particles axc
complementary to the binding member immobilized in ., 4, The method of claim 39 wherein the particles are
the indicator zone is applied to the application z08e ™ oo1ored latex particles.
alongwrththaanﬂy&u?astoeﬁecmonjuwxonofmd 45, A method of type blood, which method comprises
member to the analyte in the spplication zone. applying a sample of whole blood to the liquid sample

3. A method to detect the formation of & specific  gpplication zone of a non-bibulous lateral flow men-
brlndmgpmreomplexmmmdw.awrzoneofanon-_bibu- ss brane, wherein the membrane comprises:
lous lateral flow membrane said membrane having a said application zone defined to receive sasid whole

pore size of 1-250 microns and having on its surface a biood sampie, and

liquid sample application zone defined to receive said at least one indicator zone spaced laterally apart from

Tiquid szmpie and at least one indicstor zone spaced the application zone, said indicator zone having

laterally spart from the application zone; wherein im- g5 jmmobilized therein an antibody or fragment

mobilized in said indicator zone is 2 member of a bind- thereof immunoreactive with & blood typing anti-

ing pair bound to its a complementary member of said gen, : .

binding” pair so as to form a complex, said whole blood sample being of sufficient volume to
which method comprises epplying to the surface of permit the whole blood to flow through the indica-

said membrene detectable particles of sufficient g5 tor zone, and

size to be entrapped by said complex snd causing applying sufficient clear lignid to the membrane at a
said particles to flow laterally through said indica- position apart from the indicator zone so as to
tor zone, and Iaterally flow through the indicator zone to re-
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’ 33
move unhound reed blood cells from said indicator.

. zome and

detecting the presence or absence of red color in the
indicator zone 80 as to determine the presence or
absence of a blood typing antigen immunoresctive

with the antibody or fragment thereof immobilized

in the indicator zone.
46. The method of claim 45 wherein the membrane

: k.
comprises an indicator zone in whick is immobilized an
antibody or fragment thersof having reectivity with
group A antigen and an indicator zone in which is im-
5 maobilized en antibody or fragment thereof having reac-
tivity with group B antigen.
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