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sample.

A simple method and apparatus for determining the presence of an antigen or antibody of interest in the liquid
sample can include providing a first means (10) comprising a porous member (14) having associated therewith one of an
antigen-antibody pair (A), applying to the porous membrane (14) a liquid sample to be tested for the other of the antigen-
antibody pair, providing a second means (18) comprising a liquid suspension comprising a plurality of visually perceptible
micro particles, preferably polystyrene particles, having attached thereto the one of the antigen-antibody pair associated with
the porous membrane, and applying said liquid suspension to the porous membrane (14) after the application of said liquid
sample to said membrane (14) to produce a visual indication if the other of the antigen-antibody pair is present in the liquid

* See back of page
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"Immmoassay and Apparatus Having a Visual Readout"

Technical Field
This invention relates to assay methods and

apparatus and, more particularly, to immunoassay
methods and apparatus for developing a visual indication
of the presence of an antigen or an antibody in a

sample to be tested.

Background Art

A variety of methods and apparatus have been
developed for determining the presence of antibodies or
antigens of interest in a clinical sample. Such
methods and apparatus have taken a number of forms,
including kits for performing solid-phase immunoassays

employing labels creating a visual endpoint signal.

The method and apparatus for performing solid-phase
assay with visual labels have been assembled in kit
form so that they may be used conveniently inside as
well as outside, the clinical laboratory. Such methods
and apparatus have, generally, relied upon the affinity
of one member of an antigen-antibody pair to bind with
or to the other member of the antigen-antibody pair.

In such prior methods for identifying one of the
antigen-antibedy pair, a man-made substrate, such as a
nylon, nitrocellulose polyester or glass fiber membrane,
carrying the other of the antigen-antibody pair was
exposed to a liquid sample to be tested, possibly
containing the member of the antigen-antibody pair of
interest, to provide a solid-phase support area having
adherent or bound thereto the member of the antigen-
antibody pair of interest, if present in the liquid
sample. A visual indication of the presence of the
member of the antigen-antibody pair of interest was
then developed by a number of subsequent steps including
washing the solid-phase support, supplying to the
solid-phase support a solution containing the other of
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the antigen-antibody pair, which was labeled with, for
example, an enzyme, and then supplying a solution of a
chromogenic substance for the enzyme to generate a
visible change of color resulting from the presence of
the enzyme on the membrane surface to indicate the
presence of the antigen or antibody of interest, if
present in the sample.

In practice, such methods and kits have included
generally a porous membrane in combination with a mesh
and an absorbent pad. The porous membrane has had a
portion of its surface treated with an antigen or
antibody capable of bonding with an antibody or antigen
of interest. Such kits may include solutions for
preparing a liquid sample, for washing the membrane,
for providing labeled antibody or antigen as appropriate,
and for developing a visual indication of the label; in
some kits, applicators to apply the liquid sample and
solutions. Prior patents disclosing immunoassay
methods, apparatus, and kits include U.S. Patents Nos.
3,645,687; 3,843,324; 3,966,897; 4,039,652; 4,061,468;
4,094,647; 4,125,372; 4,138,474; 4,153,675; 4,168,116;
4,180,383; 4,193,983; 4,235,601; 4,376,110; 4,424,279;
4,427,769; 4,486,530; 4,818,677; 4,632,901.

As set forth above and in said patents, the prior
methods and kits for producing visual indications of
the presence of an antigen or antibody of interest
included a multiplicity of steps in which the membrane
was washed with buffers, and various reagents were
applied following application of the sample to the
membrane to develop a visual indication of the presence
of an antigen or antibody of interest. In addition to
the steps of washing the membrane with buffers and
reagents, the various reagents of these prior existing
methods and apparatus were not as stable as desired.
Prior kits, therefore, required in addition to the

antigen-antibody-treated membrane a plurality of
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reagents, some of which were susceptible to short shelf

lives.

Disclosure of the Invention

This invention provides a method and apparatus for

determining the presence of one of an antigen-antibody
pair with one or two simple steps and a single,
extremely stable reagent. The invention can comprise a
kit having only two active parts and simple instructions
for use.

An assay kit of the invention can compfise a first
means for providing an indication of the presence of an
antigen or antibody of interest and a second means for
developing the indication of the presence of the
antigen-antibody pair in a sample. The first means can
include a cartridge forming one or more openings and a
porous material adjacent to the one or more openings.
The porous material adjacent to at least one of the one
or more openings has associated therewith one of the
antigen-antibody pair. The second means provides
colored microparticles having attached thereto said one
of the antigen-antibody pair. The second means permits
the retention of the colored micro particles by the
first means if the porous material of the first means
has been exposed to the other of the antigen-antibody
pair and provides a visual indication of the presence
of the antigen or antibody of interest.

A preferred apparatus of the invention is an assay
kit comprising an enclosure for a porous membrane
having one or more openings. The éorous membrane
within the enclosure has one of an antigen-antibody
pair associated therewith at least immediately adjacent
to one of the enclosure openings. The kit also com-
prises a liquid suspension comprising a plurality of
colored latex particles having attached said one of the
antigen-antibody pair, which is associated with the

porous membrane. The kit can thus provide a visual
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indication of the presence of the other of the antigen-
antibody pair in a liquid sample by the application to
the porous membrane at the one or more openings of said
liquid suspension after a liquid sample containing said
other of the antigen-antibody pair has been applied at
the one or more openings of the enclosure.

The invention thus provides a simple method for
determining the presence of an antigen or antibody of
interest and the concentration of an antigen or antibody
of interest in the liquid sample by providing a porous
member having associated therewith one of an antigen-
antibody pair, applying to the porous membrane a liquid
sample to be tested for the other of the antigen-antibody
pair, providing a liquid suspension comprising a
plurality of colored micro particles, preferably
polystyrene particles, having attached one of the
antigen-antibody pair associated with the porous
membrane, and applying said liquid suspension to the
porous membrane after the application of said liquid
sample to said membrane to produce a visual indication
if the other of the antigen-antibody pair is present in
the liquid sample. The concentration of the antigen or
antibody of interest may be quantified by measuring the
reflectance of the visual indication and determining
the concentration from the measured reflectance.

In a&dition, with some antigens and some antibodies,
the invention can provide a visual indication of the
presence of an antigen or antibody of interest by
directly adding the sample to be tested into the liquid
suspension which includes the colored micro particles,
preferably latex particles, having attached thereto the
antibody or antigen for the antigen or antibody of
interest, and then applying to the porous membrane
having associated therewith the antibody or antigen for
the antigen or antibody of interest, thus eliminating

the preparation of a separate liquid sample and the
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application of the separate liquid sample to the

membrane. .

Brief Description of Drawings
Fig. 1 is a plan view of one embodiment of a first

means for providing an indication of the presence of an
antigen or antibody of interest;

Fig. 2 is a cross-sectional view of the means of
Fig. 1 at a plane through line 2-2 of Fig. 1;

Fig. 2A is a larger scale view of a portion of the
means of Figs. 1 and 2 taken adjacent opening 11 of
Fig; 1 to show membrane 14 and its backing;

Fig. 3 is a perspective view of a kit of this
invention;

Fig. 4 is a plan view of another embodiment of
first means for providing the indication of an antigen
or antigen of interest; and

Fig. 5 is a graph showing the guantification of

concentration by reflectance.

Best Mode for Carrying out the Invention

Fig. 1 is a plan view of one embodiment of first
means for providing an indication of the presence of an
antigen or antibody of interest comprising this inven-
tion, and Fig. 2 is a cross-sectional view of the
means. As shown in Fig. 1, such means can comprise a
cartridge 10 forming one or more openings, preferably
the three openings 11, 12, and 13. Cartridge 10
carries a porous membrane 1l4. (See Fig. 2A.) Porous
membrane 14 has associated therewith one of an antigen-
antibody pair adjacent at least one of the one or more
openings and, preferably, as shown in Fig. 1, openings
11 and 13. The one of the anti ‘en-antibody pair is
indicated in Figs. 1 and 2A by the letters A shown

adjacent openings 11.
As shown in Figs. 2 and 2A, porous membrane 14 is

backed by a mesh 15, preferably made of polyester,
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although other similar materials may be used. An
absorbent material 16 may be carried by cartridge 10
immediately under mesh 15. As shown in Figs. 1 and 2,
cartridge 10 is formed by a relatively thick, e.g., 1/4
inch (.63 cm.) plastic top portion 10a and a lower,
box-shaped, plastic bottom portion 10b. Cartridge 10
may be formed with any inexpensive, easily molded,
thermoplastic material such as polystyrene, polyethylene,
polypropylene, nylon, and the like and its bottom is
preferably closed by any liquid in porous backing 17.
Membrane 14 may be any commercially available micro-
porous membrane such as that sold under the IMMOBILON
trademark by Millipore Corporation, Bedford,
Massachusetts, that sold under the IMMUNODYNE trademark
by Pall Biosupport Corporation, East Hills, New York,
or that sold under the HPI name by Amicon Division of
W. R. Grace & Co. of Danvers, Massachusetts. Such
membranes preferably have pore sizes of 0.6 to 5
micrometers. Any inexpensive absorbent materials, such
as cotton or other celluosic materials, may be used for
element 16.

As shown in Figs. 1 and 2, top portion 102 of
cartridge 10 forming openings 11, 12, and 13 preferably
is formed with sloping walls lla, 12a, and 13a as shown
in Fig. 2 to provide "wells" for container-like reten-
tion of liquid materials, such as a liquid sample and
developing solution that may be applied to membrane 14
at openings 11 and 13.

As set forth above, where it is desirable to test
for an antibody of interest, an antigen for that
antibody is associated with membrane 14 adjacent at
least one of the one or more openings of first means
10; and where it is desirable to test for an antigen of
interest, an antibody for that antigen is associlated
with membrane 14 adjacent one of the one or more
openings of cartridge 10. As shown in Fig. 1, such an

antigen and antibody is associated with membrane 14
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adjacent openings 11 and 13 to permit cartridge 10 to
be used for two tests. Membrane 14 is preferably
provided at opening 12 with a sample of the visual
indication of a positive test to permit comparison of
the test results at openings 11 and 13 with the visual
indication of a positive test at opening 12.

For example, when the invention is adapted to test
for chlamydia, the following two methods can be used
for coupling antibodies to membrane 13.

Examples I and II
Coupling of Antibody to Membrane

In the first example, antibodies are coupled
covalently to membranes with active functional groups
in the following manner: commercially available
membrane 13, such as IMMOBILON (Millipore Corporation,
Bedford, MA) or IMMUNODYNE (Pall Biosupport Corporation,
East Hills, NY), with pore sizes of 0;65—3.0 um 1s cut

into pieces of approximately 2.54 cm. x 17 cm. and
immersed in a solution (potassium phosphate buffer
(0.5M, pH=7.4)) of IgG antibodies raised against C, E
and F serovars of chlamydia trachomatis, or against a
specific surface antigen such as the major outer
membrane protein (MOMP), or the 60K protein isolated
from the F-serovar and incubated in the antibody
solution with gentle shaking for one to twenty-four
hours at room temperature. The concentration of the
antibody solution is approximately 0.31-1.9 ugram per
cm? of membrane surface area. Excess antibody solution
is removed} and after one wash with deionized water,
the membrane is immersed in a ten percent solution of
2-aminoethanol in carbonate buffer (0.01M, pH~9.5) and
incubated with gentle shaking for one to sixteen hours.
Excess 2-aminoethanol solution is removed, and the
membrane is washed twice with deionized water and air
dried. The membrane and associated antibodies are
ready for incorporation into the first means for

indicating the presence of a chlamydia antigen.
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In the second example, antibodies are absorbed
non-covalently on a nylon-type membrane having a pore
size of 1.2 u to 5 u such as the HPI membrane of Amicon
Division of W. R. Grace & Co. identified above in the
following manner:

The same antibodies used for Example I are used.
Approximately 1-100 ulL of antibody solution in phosphate-
buffered saline (0.04M, pH=7.4) is placed on a nylon-
type membrane with no functional groups and allowed to
air dry at room temperature. The concentration of
antibody solution is about 0.79 to 44ug per cm? of the
membrane surface area. After about sixteen to twenty-
four hours of drying, the membrane is ready to be used
in the assay.

A liquid suspension for detecting the presence of,
or developing a visual indication of, an antigen or
antibody of interest on the membrane comprises the
second means of this invention. Such a liquid suspen-
sion includes a multiplicity of microscopically small
(i.e., about 30 to about 200 nanometers in diameter)
particles that are preferably visible with the unaided
eye in the .aggregate or, less preferably, may become
visible with the use of instrumentation or be made
visible with ultraviolet light. Such visually percep-
tible particles have associated with their surfaces a
substance adapted to bond to the antigen or antibody of
interest, preferably the other of the antigen-antibody
pair. ,

Where the assay method is used to test for the
presence of an antibody of interest, it is not necessary
that the visually perceptible particles have associated
with their surfaces the antigen for the antibody of
interest. The particles can have associated with their
surfaces a ligand capable of bonding with the antibody
such as those present on a number of proteinaceous

substances.
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The preferred second means is based upon a suspen—
sion of micro particles, preferably colored polystyrene
particles, having an antibody or antigen (for the
antigen or antibody of interest) coupled to the particle
surfaces. A preferred second means can be made as
follows:

Example III
Coupling of Antibeody to Particles

Approximately 10 to 13 percent suspension of blue
polystyrene particles (60-100 nm in diameter), available
from the Particle Technology Division of Seradyn, Inc.,
is first washed to remove surfactants. A preferably
blue dye for the particles is Keyplast Blue B 200% made

by Keystone Analine Corporation of Chicago, Illinois.
The washed particles are diluted in phosphate-buffered
saline (PBS, 0.04M, pH=7.4) to a final concentration of
one percent. Monoclonal mouse IgG's raised against
surface antigens, such as MOMP and 60-K protein, are
added to obtain a final concentration of 5-50 ug/mL of
IgG's. The mixture is mixed and kept continuously
agitated for two to sixteen hours at room temperature.
The optimum dilution of the antibody coupled particles
to be used in a chlamydia assay is determined in the
following manner: two positive control solutions of
chlamydia trachomatis elementary bodies are prepared by
first treating a suspension of chlamydia trachomatis
elementary bodies of F-serovar with detergents such as
sodium dodecyl sulfate (SDS) and Triton X-100. These
detergents are believed to break the bacterial cell
walls and expose the surface antigens so that they are
more accessible to the antibodies. The treated suspen-
sion of elementary bodies is then diluted to give
protein concentrations of 1 ug/mL and 5ug/mL, which
seem to represent the protein concentration of elemen-
tary bodies in urethral or endocervical specimens from

moderately infected and heavily infected chlamydia
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patients, respectively. The detergent solution without
any elementary bodies is used as a negative control.

Several dilutions of the stock solution of
antibody-coupled particles are made in Tris-buffered
saline (0.02M, pH=7.4) containing (0.05%) non-ionic
detergents such as Tween-20.

Assays are performed according to the procedure
described in Example IV. Dilutions that give the best
color differentiation between the negative control and
the positive controls are chosen for use in the assay
tests.

Example IV
Assay Procedure for Chlamydia Antigen Detection

A test cartridge is prepared by assembling the
antibody-coated membrane, prepared as set forth in
Example I or Example II, the mesh spacer and absorbent
pads together as shown in Figs. 1, 2 and 2A.
Endocervical and urethral swab specimens are incubated
in 0.75 mL of Tris buffer (0.02M, pH=7.4) containing
0.25 percent SDS and 0.05 percent Triton X-100 for ten
minutes at room temperature and agitated on a vortex
mixture at a moderate speed for 30 to 45 seconds.
Swabs are then removed, and each extract is added to
the sample well of the test cartridge. After the
extract has completely drained through the membrane, a
solution of antibody coupled blue particles, prepared
by the method described in Example II is added to the
sample well of the test cartridge. A blue color is
observed on the membrane indicating the presence of
chlamydia trachomatis. When the preferred cartridge of
Figs. 1, 2 and 2A is used, the central opening 12 is

provided with blue particles for reference purposes;
and a positive test is indicated where the membrane
showing at opening 11 or at opening 13 is a darker blue
from the reference showing at opening 12.

The optimal dilution of antibody-coupled particles
for developing a strong, contrasting blue color as a
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visual indication of chlamydia trachomatis is thus
preferred. Such a dilution can be packaged in vials or
other containers for incorporation into an assay kit as
a chlamydia antigen-detecting and -developing material.
Such detecting and developing materials are stable at
room temperature. In addition, they can tolerate
temperature extremes, such as 45° C. for a number of
weeks and can be frozen at -20° C. and still retain
their functionality.

Fig. 3 shows a packaged assay kit of the invention
with first means or cartridge 10 and a container 18 of
the second means or the detecting or developing
material. The two means of the invention can be
packaged in any convenient manner, including a carrier
19 shown in Fig. 3.

In testing for the chlamydia antigen using the
invention, a sample can be prepared by taking
endocervical or urethral swabs taken from a patient and
incubating the swabs in a buffer solution such as 0.75
mL of Tris buffer (0.02 M, pH-7.4) containing 0.25
percent SDS and 0.05 percent Triton X-~100 for ten
minutes at room temperature and then agitating the
buffered swab solution, for example, in a vortex
mixture at moderate speed for 30 to 45 seconds. The
resulting solution comprises the sample to be tested.
In use of the kit form of the invention, the sample
solution is added to at least the well formed by walls
lla of cartridge 10 and drains through membrane 14 at
opening 11, exposing any chlamydia antigen in the
sample to the antibodies coupled to membrane 14 at
opening 11. Mesh 15 permits the sample to pass through
the porous membrar~ 15 and subsequently blocks the
sample material i: the absorbent material 16 from the
porous membrane 14. If chlamydia antigen is present in
the sample, it will become bound to or associated with
the antibodies on membrane 14 at opening 1l1l. The
detecting solution is next poured into the well formed
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by walls lla and drained through membrane 14 at opening
11. If chlamydia antigen is present in the sample, the
antibody-coupled, blue, polystyrene particles in the
detecting solution will become associated with the
chlamydia antigen present on membrane 14 at opening 11
and will be retained at opening 11, providing a blue
color at opening 11, indicating the presence of
chlamydia antigen. Opening 12 permits comparison of
the tesé results with a reference positive result.

The method and apparatus of this invention can
also be used to test for gonorrhea and other bacteria,
hormones, therapeutic drugs, cancer markers, drugs of
abuse, and other such tests.

Fig. 4 shows another embodiment of first means.
The Fig. 4 embodiment of the first means includes a
cartridge 20 having an upper part 25 forming only one
opening 21. A membrane 24 is made of the same IMMOBILON
or IMMUNODYNE materials identified above and is carried
by cartridge 20 adjacent opening 21. Cartridge 20 can
be provided with a mesh and an absorbent material in a
lower box-like part in the same manner as shown in
Figs. 2 and 2A. Unlike the first means of Figs. 1 and
2, only a‘portion of the surface of membrane 24 of the
Fig. 4 embodiment is provided with antibodies or
antigens for the antigen or antibody of interest. As
shown, for example, in Fig. 4, membrane 24 can be
treated with antibodies for an antigen interest over
only a portion of the membrane that can be seen through
opening 21. As shown in Fig. 4, the antibodies are
applied in the form of the capital letter "p". The
antibodies can be added to a portion of membrane 24
using the steps set forth above in Examples I and II
and, preferably, the steps set forth in Example II.

The developing solution for use with the first means of
Fig. 4 is the same developing solution described above

that is made and selected as set forth in Examples III

and IV. The Fig. 4 embodiment is used in the same
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manner described above with the embodiments of Figs.
1-3, but instead of providing a blue indication of a
positive test for chlamydia antigen over the entire
opening, as was. the case at openings 11 and 13 of the
first means of Figs. 1 and 2, the embodiment of Fig. 4
provides a positive indication of the presence of
chlamydia antigen in the sample by developing a blue
letter P that stands out against the white bacﬁground
of membrane 24.

While the preferred embodiment provides a visual
indication through the use of colored latex particles,
the presence of which is visible to the unaided eye
under room light, the invention may include micro
particles in the developing solution which are not
visible with the unaided eye in normal room light but
become visible only with the use of artificial light or
mechanical means such as particles that fluoresce
(particles coupled with fluorescent dyes such as
Fluorescein or Rhodamine) in ultraviolet light or by
photometry, microscopy, or other such means of
assistance. Furthermore, the invention may be used in
a clinical laboratory with a vacuum system to urge the
liquid sample and detecting-developing material through
the substrate without the mesh and absorbent material.

Example V
Measurement of Concentration

The dose response of samples in the assay
procedure described in Example IV can be measured by
measuring percent reflectance of the blue color
developed over the entire test area of a membrane,
using a reflectance meter such as the Model 577, Model
575 or Model 670 Reflection Meters manufactured and
sold by Seradyn Photovolts Division. Such reflection
meters direct light at a sample from one side at an
acute angle and measure the light reflected from the
-ample to the other side at an equal acute angle. The

following table shows some typical dose response data
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for the negative and the two positive controls
described in Example III. The positive visual
indication was provided by the detecting solutions of
Example III with Keyplast Blue B 200% dye made by
Keystone Analine Corporation, Chicago, Illinois. A
Model 577 Reflection Meter was used with an amber
filter (maximum transmission of light at 600 nm). The
wavelength of the filter was chosen to provide.éptimal
measurement of reflectance from the blue dye. The
instrument was calibrated with a Tappi Control to read
maximum reflectance of 90.4% as specified.

Sample Average Percent Reflections
Negative Control 65.4
Low Positive Control (1 ug/ml) 61.3
High Positive Control (5 ug/ml) 50.2

Thus, the correlation between reflectance and
antibody or antigen concentration may be plotted as
shown in Fig. 5 and used to quantify the concentration
in a sample.

While the description above presents presently
preferred embodiments of the invention, other
embodiments may be apparent within the scope of the
following claims.

>
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Claims

1. An assay method for determining the presence
of an antigen or antibody in a liquid sample,
comprising:

providing a porous membrane having associated
therewith one or an antigen-antibody pair;

providing a flow of liquid sample to be
tested for the other of the antigen-antibody pair
through said porous membrane;

_ providing a liquid suspension comprising a
plurality of visually perceptible particles having
attached to their surfaces a substance capable of
bonding to said other of the antigen-antibody pair; and

providing a flow of said liquid suspension
through said porous membrane after the flow of said
liquid sample through said membrane to produce a visual
signal if said liquid sample includes the other of the

antigen-antibody pair.

2. The assay method of claim 1 wherein said
visually perceptible particles have attached to their
surfaces said one of the antigen-antibody pair.

3. The assay method of claim 2 wherein the
visually perceptible particles are colored styrene
particles having average diameters in the range of
about 60 nanometers to about 100 nanometers.

4., An assay kit, comprising:
an enclosure for a porous membrane, said
enclosure having a plurality of openings;
a porous membrane within said enclosure, said
porous membrane having one of an antigen-antibody pair
associated therewith, at least immediately adjacent to

one of said plurality of enclosure openings; and
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a liquid suspension comprising a plurality of
colored styrene particles having attached thereto said
one of the antigen-antibody pair,

said assay kit being functional to provide a
visual indication of the presence of the other of the
antigen-antibody pair in a liquid sample by applying to
the porous membrane at the plurality of openings said
liquid suspension after a liquid sample contaihing said

other of the antigen-antibody pair.

5. The assay kit of claim 2 wherein said enclo-
sure has three openings and said porous membrane has
associated therewith said one of the antigen-antibody

pair adjacent to two of the three openings.

6. The assay kit of claim 2 wherein said enclo-
sure encloses a mesh and an absorbent material underxr

said porous membrane.

7. The assay kit of claim 2 wherein said styrene
particles have average diameters in the range of about

30 nanometers to about 200 nanometers.

8. The assay kit of claim 2 wherein said porous
membrane is capable of covalently binding to or phys-
ically absorbing or adsorbing antibodies or antigens on

its surface.

9. The assay kit of claim 5 adapted to test for
the chlamydia antigen wherein said porous membrane has
associated therewith an antibody of the chlamydia
antigen and said colored styrene particles have attached

an antibody for the chlamydia antigen.

10. An assay kit, comprising:
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first means for providing a visual indication
of the presence of an antigen or antibody of an antigen-
antibody pair,

said first means including a carrier forming
one or more openings and a porous material adjacent the
one or more openings having one of an antigen-antibody
pair associated therewith adjacent at least one of said

one or more openings; and
second means for developing said indication

of the presence of an antigen-antibody pair, said
second means providing visually perceptible micro
particles having attached thereto said one of the
antigen-antibody pair, said second means permitting the
retention of visually perceptible particles by said
first means after its exposure to the other of the

antigen-antibody pair to provide said visual indication.

11. The assay kit of claim 10 wherein said
carrier forms a plurality of openings and said porous
material has said one of the antigen-antibody pair
associated with the porous material adjacent only one

of the plurality of openings.

12. The assay kit of claim 10 wherein said porous
material is capable of covalently binding to or phys-
ically absorbing or adsorbing antibodies or antigens on

its surface.

13. The assay kit of claim 10 wherein said
visually perceptible micro particles are colored

polystyrene.

14. The assay kit of claim 10 adapted to test for

chlamydia or gonorrhea antigen.

15. The assay kit of claim 10 wherein said

visually perceptible micro particles are fluorescent.
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16. The assay kit of claim 10 wherein the second
means is stable at room temperature and above.

17. An assay method for an antigen, comprising:

providing a porous membrane having associated
therewith one of the antibody pairs where one or both
of the antibody pairs can be monoclonal or polyclonal;

providing a flow of a liquid sample to be
tested for the antigen of interest through said—porous
membrane;

providing a liquid suspension comprising a
plurality of colored particles having attached thereto
the other of the antigen-antibody pair; and

providing a flow of said liquid suspension
through said porous membrane after the flow of said
ligquid sample through said membrane to produce a visual
signal of the antigen.

18. An assay method for an antibody, comprising:
providing a porous membrane having associated
therewith an antigen specific for the antibody to be
detected;
providing a flow of a liquid sample to be
tested for the antibody of interest through said porous
membrane;
providing a liguid suspension comprising a
plurality of colored latex particles having attached
thereto a ligand capable of binding to the antibody to
be tested; and
s providing a flow of said liquid suspension
through said porous membrane after the flow of said
- liquid sample through said membrane to produce a visual
signal of the antibody.

19. An immunoassay kit for testing for the
chlamydia antigen, comprising:
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first means for providing a visual indication
of the presence of chlamydia antigen,

said first means including a carrier forming
one or more openings and a porous material adjacent the
one or more openings ‘having antibodies for the
chlamydia antigen associated therewith adjacent to at
least one of said one or more openings; and

second means for developing said indibation
of the presence of the chlamydia antigen,

said second means providing visually
perceptible micro particles having attached thereto
antibodies for the chlamydia antigen, said second means
permitting the retention of visually perceptible
particles by said first means after its exposure to the
chlamydia antigen to provide said visual indication.

20. An assay method for chlamydia antigen,

comprising:

providing a porous membrane having associated
therewith antibodies for the chlamydia antigen;

applying to said porous membrane liquid
sample to be tested for the chlamydia antigen;

providing a liquid suspension comprising a
plurality of colored polystyrene particles having an
average diameter of about 60 to about 100 nanometers
and having attached to their surfaces antibodies for
the chlamydia antigen; and

applying said liquid suspension to said.
porous membrane after the application of said liquid
sample to said membrane to produce’ a visual signal of

the chlamydia antigen.

21. An assay method for determining the
concentration of an antigen or antibody in a liquid
sample, comprising:

providing a porous membrane having associated

therewith one or an antigen-antibody pair;
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applying to said porous membrane a liquid
sample to be tested for the other of the antigen-
antibody pair;

providing a liquid suspension comprising a
plurality of visually perceptible particles having
attached to their surfaces a substance capable of
bonding to said other of the antigen-antibody pair;

applying said liquid suspension to said
porous membrane after the application of said liquid
sample through said membrane to produce a visual signal
if said liquid sample includes the other of the antigen-
antibody pair; and

measuring the reflectance of said visual
signal and determining the concentration of antigen or

antibody in said liquid sample.

22. The assay method of claim 21 wherein said
visually perceptible particles are colored and said
measurement of reflectance is by directing a light of
selected wavelength and known intensity at the membrane
surface and colored particles and measuring the inten-
sity of the light of selected wavelength reflected from
the membrane surface and colored particles.

(%
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