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(57) ABSTRACT 

Disclosed is a test cell and a method for detection of a 
preSelected ligand in a liquid Sample Such as a body fluid. 
The test cell includes an elongate outer casing which houses 
an interior permeable material capable of transporting an 
aqueous Solution and defining a Sample inlet, a test Volume, 
and a reservoir Volume. The reservoir Volume is disposed in 
a Section of the test cell Spaced apart from the inlet and is 
filled with Sorbent material. The reservoir acts to receive 
liquid transported along a flow path defined by the perme 
able material and extending from the inlet and through the 
test volume. In the test volume is a test site which includes 
a first protein having a binding site specific to a first epitope 
of the ligand immobilized in fluid communication with the 
flow path. The test site can be observed through a window 
of the casing. 
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inlet and the test Site, and the Sample liquid resolubilizes the 
conjugate as it passes along the flow path. 
0013 Color development at the test site may be com 
pared with the color of one or more Standards or internal 
controls to determine whether the development of color is a 
true indication of the presence or absence of the ligand, or 
an artifact caused by nonspecific Sorption. 
0.014. In one embodiment employing the sandwich tech 
nique, the Standard consists of a negative control Site, 
preferably disposed adjacent the test Site, and Visible 
through a Second window proximate the first. The negative 
control Site preferably is prepared identically to the test site, 
except immobilization of the first binding protein is omitted. 
Therefore, although the conjugate will reach the control Site, 
it aggregates due only to non-specific binding. If the test Site 
is not appreciably more intense in color than the control Site, 
the assay is considered negative. 
0.015. In another embodiment, the assay and test cell may 
include a positive control. Thus, when exploiting the Sand 
wich technique, the cell may have an authentic Sample of the 
ligand immobilized at a control Site. If no color develops at 
this control Site, the assay is considered inconclusive. When 
exploiting the competitive technique, the development of 
color at the positive control Site means the assay results are 
inconclusive. 

0016 Broadly, the method of the invention involves the 
use of a test cell of the type described above to achieve an 
easily readable, Sensitive, reproducible indication of the 
presence of a ligand, e.g., human chorionic gonadotropin 
(hCG), in a test sample Such as a human urine sample. The 
method involves the Step of transporting the Sample and a 
conjugate comprising a protein bound to a metal Sol or other 
colored particle along a flow path and in contact with a test 
Site comprising immobilized binding protein Specific to an 
epitope of the ligand, and preferably also in contact with a 
control Site. Preferably, the colored particle comprises a gold 
Sol; the flow path in the region of the test Site is reduced in 
croSS-Section relative to other parts of the flow path; the 
Sample is passed through a filtration means after it enters the 
test cell but before it contacts the test site; and the test site 
comprises lateX particles entrapped or otherwise fixed in the 
flow path having the immobilized protein on their Surface. In 
the practice of the process, either the conjugate is premixed 
with the Sample, or the conjugate is disposed in preserved 
form, e.g., lyophilized, in the flow path between the inlet and 
the test Site. In either case, placement of the test cell in the 
Sample, or application of the Sample to the inlet, initiates 
flow, and the result is read by observing color development 
a the test Site, or by comparing the color of the test Site and 
control Site. 

0.017. The use of the colored particle detection system in 
combination with the filtration means, the concentrating 
effect of flow of the Sample, and the ease of comparison 
between the colors of the test and control Sites, together 
enable construction of a family of extremely Sensitive assay 
Systems which minimize false positives and can be used 
effectively by untrained perSons. 

BRIEF DESCRIPTION OF THE DRAWING 

0.018 FIG. 1 is a cut-away, schematic, top view of an 
embodiment of a test cell useful in explaining the test cell 
and process of the invention; 
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0019 FIG. 2 is a cross-sectional side view of the test cell 
of FIG. 1; 
0020 FIG. 3 is a perspective view of a currently pre 
ferred test cell constructed in accordance with the invention; 
0021 FIG. 4A is a cross-sectional, top view of the test 
cell of FIG. 3; 
0022 FIG. 4B is a cross-sectional, side view of the test 
cell of FIG. 3 taken at line 4B-4B of FIG. 4A; 

0023 FIG. 5 is a cross sectional view of the cell of FIG. 
3 taken at line 5-5 of FIG. 4B; and 

0024 FIG. 6 is a perspective view of another embodi 
ment of a test cell constructed in accordance with the 
invention. 

0025. Like reference characters in the respective drawn 
figures indicate corresponding parts. 

DESCRIPTION 

0026. The invention provides a test cell for conducting a 
Sandwich or competitive immunoassay, and a process which 
utilizes the test cell and a conjugate comprising colored 
particles. AS disclosed below, various features of the proceSS 
and test cell of the invention cooperate to enable untrained 
perSonnel reliably to assay a liquid Sample for the presence 
of extremely Small quantities of a particular ligand while 
avoiding false positives and Simplifying test procedures. The 
invention is ideal for use in over-the-counter assay test kits 
which will enable a consumer to Self diagnose, for example, 
pregnancy, Venereal disease, and other disease, infection, or 
clinical abnormality which results in the presence of an 
antigenic marker Substance in a body fluid, including deter 
mination of the presence of metabolites of drugs or toxins. 
The assay process and the cell are engineered specifically to 
detect the presence of a preselected individual ligand present 
in a body or other fluids. 
0027 Broadly, the test cell and process of the invention 
can be used to detect any ligand which has heretofore been 
assayed using known immunoassay procedures, or known to 
be detectable by Such procedures, using polyclonal or mono 
clonal antibodies or other proteins comprising binding Sites 
for ligands. Various specific assay protocols, reagents, and 
analytes useful in the practice of the invention are known per 
se, see, e.g., U.S. Pat. No. 4.313,734, columns 4-18, and 
U.S. Pat. No. 4,366,241, columns 5-40. 

0028. The combination of features believed to be respon 
sible for the excellent sensitivity and reproducibility of 
assays constructed in accordance with the invention is the 
use of the novel test cell which Serves to concentrate ligand 
from a test Sample at a test site in the cell, and the use of a 
metal Sol or other colored particle as a marker System which 
permits direct Visual observation of color development. 
False positives are reduced while maintaining excellent 
Sensitivity by including in the test cell a negative control or 
control Site whose color is compared with the test Site, and 
by including a filtration means which limits the introduction 
to the test Site of contaminants from the Sample. 
0029. The assay is conducted by simply placing the inlet 
of the test cell in contact with a liquid test Sample. One then 
merely waits for the test Sample to pass through the cell and 
into reactive contact with the test site (and optionally one or 
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to optimize activity So that a Suitable amount of latex is 
applied to the test Site and a Suitable amount of conjugate is 
used in conducting the test. 
Test Protocol 

0048. To a 10x50 mm test tube of lyophilized gold sol 
antibody conjugate is added 0.5 ml urine Sample containing 
a known quantities of hCG. The samples comprised hCG 
Standards purchased from Sigma Chemical Company 
diluted in processed, hCG negative urine. The contents of 
the tube are mixed by Shaking in a horizontal motion until 
the lyophilized antibody is dissolved. The device depicted in 
FIGS. 3-5 is then inserted into the tube, and the results are 
read after the entire fluid volume has been absorbed. 

0049. The results of this qualitative procedure follows: 

Color of Color of 
mIU hCG Control Spot Reagent Spot 

O grey grey 
25 grey pink hue 
50 grey pink 
1OO grey OSC 
150 grey OSC 

>150 grey dark rose 

0050. The pink color clearly visible at 50 mIU of human 
chorionic gonadotropin means that the test can detect preg 
nancy one day after a missed menstrual period. In initial 
Stages of testing, approximately 5 negative samples from 
various Sources have been run with no false positives or even 
border-line cases. It is anticipated that the commercial 
device will have less than 1% false positives. 
0051. Non-limiting examples of materials which may be 
assayed in accordance with the invention in addition to the 
human chorionic gonadotropin noted above include human 
leutinizing hormone, progesterone, estrogen, and Strepto 
COCCS. 

0.052 Other embodiments are within the following 
claims. 

What is claimed is: 
1. A method of detecting a ligand in a liquid Sample, the 

method comprising the Steps of 

A. transporting along a flow path in a test cell a Solution, 
including a liquid Sample Suspected to contain a ligand 
and a conjugate, into contact with a test Site visible 
through a window in a wall of Said test cell, 
Said test Site having immobilized thereon a first protein 

having a binding site Specific to a first epitope on the 
ligand, 

Said conjugate comprising colored particles coupled to 
a Second protein Selected from the group consisting 
of proteins having a binding site Specific to a Second 
epitope on the ligand and proteins which bind with 
Said first protein in competition with the ligand, and 

B. continuing transport of Said Solution to progressively 
produce at Said test Site a complex comprising Said 
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ligand for a time Sufficient to visually determine 
through Said window whether a color is developed at 
Said test Site: 

2. The method of claim 1 wherein said test cell comprises 
a filtration means for filtering Said liquid Sample, Said 
method comprising the additional Step of transporting the 
Sample through said filtration means before Said Sample 
contacts said test Site. 

3. The method of claim 1 wherein the cross-sectional area 
of said flow path is restricted about said test site whereby 
ligand is localized at Said test site during flow of Solution 
thereby. 

4. The method of claim 1 comprising the additional Steps 
of transporting Said Solution into contact with a control Site 
visible through a window in a wall of said test cell and 
comparing the color of Said test Site and control Site. 

5. The method of claim 4 wherein said control site 
comprises a negative control Site free of Said first protein. 

6. The method of claim 4 wherein said control site 
comprises a positive control Site having immobilized 
thereon an authentic Sample of Said ligand. 

7. The method of claim 1 comprising the Step of mixing 
Said conjugate with Said liquid Sample prior to Step A. 

8. The method of claim 1 wherein said conjugate is 
disposed in Said flow path, Said method comprising the 
additional Step of transporting Said liquid into Solubilizing 
contact with Said conjugate prior to contact with Said test 
Site. 

9. The method of claim 1 wherein said first and second 
proteins comprise antibodies and at least one of Said proteins 
is a monoclonal antibody. 

10. The method of claim 1 wherein said first protein has 
a binding site Specific to an epitope of human chorionic 
gonadotropin. 

11. The method of claim 1 wherein said first protein has 
a binding site Specific to an epitope of human progesterone. 

12. The method of claim 1 wherein said second protein 
has a binding Site specific to a Second epitope on the ligand, 
and when Said Sample contains Said ligand, the complex 
produced in Step B comprises Said ligand bound to both Said 
first and Second proteins, and color is produced by aggre 
gation of Said colored particles at Said test Site. 

13. The method of claim 1 wherein said second protein 
binds with Said first protein in competition with the ligand, 
and 

when Said Sample contains Said ligand, the complex 
produced in Step B comprises Said ligand bound to Said 
first protein, and 

when Said Sample is free of Said ligand, the complex 
produced in Step B comprises said conjugate bound to 
Said first protein, and color is produced by aggregation 
of Said colored particles at Said test Site. 

14. A test cell for detecting a ligand in a liquid Sample, the 
test cell comprising 

an elongate casing for housing a permeable material and 
defining a liquid Sample inlet, a reservoir Volume, a test 
Volume interposed between Said inlet and reservoir 
Volume, and a window through Said casing at Said test 
Volume, 

permeable material capable of transporting an aqueous 
Solution disposed within Said casing and defining a flow 
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path extending from Said Sample inlet through said test 
Volume and into communication with Said reservoir 
Volume, 

a first protein having a binding Site Specific to a first 
epitope on Said ligand, Said first protein being immo 
bilized at a test Site, disposed within Said test Volume in 
fluid communication with said flow path and visible 
through Said window, and 

a Sorbent material in Said reservoir Volume for drawing 
liquid Sample along Said flow path and into contact with 
Said test Site. 

15. The cell of claim 14 further comprising a liquid 
Sample filtering means disposed in Said flow path between 
Said inlet and Said test Site. 

16. The cell of claim 15 wherein said filtering means is 
defined by a portion of Said permeable material. 

17. The cell of claim 14 wherein the cross sectional area 
of Said flow path is restricted about Said test Site So that 
ligand in liquid passing there along is localized at Said test 
Site. 

18. The cell of claim 14 wherein said casing defines a 
Second window through Said casing and Said cell further 
comprises a control Site in fluid communication with Said 
flow path visible through said second window. 

19. The cell of claim 18 wherein said control site com 
prises a negative control Site free of Said first protein. 
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20. The cell of claim 19 wherein said control site com 
prises lateX particles disposed in contact with Said permeable 
material. 

21. The cell of claim 18 wherein said control site com 
prises a positive control Site having immobilized thereon an 
authentic Sample of Said ligand. 

22. The cell of claim 14 further comprising a conjugate 
disposed in Said flow path between Said test site and Said 
inlet, Said conjugate comprising colored particles coupled to 
a Second protein Selected from the group consisting of 
proteins having a binding Site specific to a Second epitope on 
the ligand, and proteins which bind with Said first protein in 
competition with the ligand. 

23. The cell of claim 14 wherein said test site comprises 
an antibody fixed to lateX particles disposed in contact with 
Said permeable material. 

24. The cell of claim 14 wherein said first protein binds 
with an epitope of human chorionic gonadotropin. 

25. The cell of claim 14 wherein said first protein binds 
with an epitope of human progesterone. 

26. The cell of claim 22 wherein at least one of said first 
and Second proteins is a monoclonal antibody. 


