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RAPID DIAGNOSTIC DEVICE, ASSAY AND 
MULTIFUNCTIONAL BUFFER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of Ser. No. 13/243,293, 
?led Sep. 23, 2011, now US. Pat. No. 8,287,817 Which is a 
divisional of Ser. No. 12/285,868, ?led Oct. 15, 2008, now 
US. Pat. No. 8,025,850, Which is a continuation of applica 
tion Ser. No. 10/163,675, ?ledJun. 6, 2002, now US. Pat. No. 
7,531,362, Which claims the bene?t of Provisional Applica 
tion Nos. 60/296,147 and 60/309,477, ?led Jun. 7, 2001 and 
Aug. 3, 2001, respectively, the entire contents of each of 
Which are hereby incorporated by reference in this applica 
tion. 

FIELD OF THE INVENTION 

An improved rapid diagnostic device, assay and multifunc 
tional buffer are provided for the detection of a target analyte 
in a ?uid test sample. The assay utiliZes a multifunctional 
buffer reagent and ?oW-through device comprising a test unit 
in combination With a detachable dried indicator reagent 
delivery unit. A method for utiliZing the ?oW-through device, 
a test kit and a formulation for generating the multifunctional 
buffer are also provided. 

BACKGROUND OF THE INVENTION 

Diagnostic assays have become an indispensable aid in 
medical and research ?elds for detecting a variety of compo 
nents in biological ?uids and tissue samples such as drugs, 
hormones, enZymes, proteins, antibodies, and infectious 
agents.A fundamental principle underlying the operation of a 
number of these assays is a speci?c recognition and binding 
reaction that occurs betWeen tWo or more members to form a 

complex that can subsequently be detected. Normally, the 
members involve a capture reagent (e.g. receptor) that Will 
speci?cally recogniZe and bind to a target analyte of interest 
(e.g. ligand) in a ?uid test sample (e.g. Whole blood, plasma, 
serum, urine, saliva, etc.). Moreover, a visually detectable 
indicator reagent is included in the reaction Which Will rec 
ogniZe and bind to any analyte complexed With the capture 
reagent to produce a signal indicating that a positive reaction 
has occurred. In particular, immunological assays are 
designed to function on the basis of antibody recognition and 
selective binding reaction to antigen and accordingly, have 
proven extremely valuable over the years in clinical applica 
tions for the detection of numerous infectious disease states. 

In order to achieve accurate results, hoWever, immunoas 
says often require precision in performing a series of time 
consuming steps, as Well as technical knowledge in operating 
sophisticated laboratory equipment. Accordingly, their use in 
diagnosing infectious disease has been essentially con?ned to 
clinical facilities that have the necessary resources for making 
such determinations including highly trained technical per 
sonnel and laboratories equipped With appropriate diagnostic 
equipment. 
On this basis, as With many technologies, immunodiagnos 

tic testing is evolving toWards more simplistic approaches in 
the rapid identi?cation and diagnosis of infectious disease 
states. The need for a simplistic qualitative assay for detecting 
analyte in a biological sample is becoming more desirable 
since it Would offer an appealing possibility for use in less 
conventional settings having limited resources, eg physi 
cian’s o?ice, or domestic household. Whether in a public 
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2 
health clinic or a rural setting, it is preferable that an assay for 
detection of a target analyte in a ?uid test sample be per 
formed Without the aid of complicated instruments and the 
requisite skills and knoWledge of professionally trained per 
sonnel. 
Another important factor to consider in pursuit of 

improved diagnostic testing is the lack of, or limited avail 
ability of, freeZers and refrigeration in many third World 
countries. On this basis, it has become more desirable to 
develop assay reagents that Will maintain their stability and 
integrity at room temperature for prolonged periods of time. 
Presently, some diagnostic devices and methods require the 
use of several assay reagents Which have varying stability 
depending on the temperature at Which they are stored and 
handled. Some of these reagents are stable at room tempera 
ture and may be stored for short periods of time, While others 
are relatively unstable and begin to deteriorate quickly, 
thereby adversely affecting the overall sensitivity and reli 
ability of the assay. Thus, most commercially available diag 
nostic devices require at least one or more of the necessary 
reagents be kept at loW temperatures in order to ensure their 
stability. Accordingly, a diagnostic device incorporating 
reagents that can be stored at ambient temperatures and 
remain stable for long periods of time While retaining all, or 
most, of its initial activity Would have a clear advantage over 
current state of the art devices. On this basis, a factor Worth 
considering toWards simplifying diagnostic testing and thus, 
making it more practical and Widely operational, is to mini 
miZe the number of assay reagents (e.g. mixing, Washing, 
diluting solvents, etc.) and integrated steps in the assay pro 
tocol. 
An immunodiagnostic assay Which is simple to use, rapid 

and reliable Would also be advantageous in improving screen 
ing and diagnostic services. According to the US. Center for 
Disease Control and Prevention report, rapid diagnostic tests 
enable healthcare providers to supply Within minutes the test 
results to patients at the time of testing, thus potentially 
increasing the overall effectiveness of counseling and testing 
programs. It Would also be expected that simpli?cation of 
diagnostic devices and assays Would likely be less costly to 
manufacture and perform compared to other conventional 
devices, thus making them economically feasible and more 
affordable to use in the interim. This is particularly desirable 
in third World countries Where a simple, rapid, sensitive, and 
economical diagnostic device and assay Would be ideal. 

ToWards this end, numerous analytical devices in an Wide 
assortment of shapes, con?gurations and formats have been 
developed for detecting the presence of a target analyte in a 
?uid test sample, including chromatographic test strips, dip 
sticks, lateral ?oW and ?oW-through systems, to name a feW. 
Many of these devices employ reaction membranes onto 
Which a capture reagent capable of recogniZing and binding 
to the target analyte is immobiliZed. In essence, the method of 
performing the assay typically involves applying a ?uid test 
sample suspected of containing the target analyte, either 
directly or indirectly by ?ltration, to the reaction membrane. 
If the target analyte is present in the sample, it Will bind to the 
capture reagent. Subsequent methods are then employed to 
determine Whether the target analyte has bound to the capture 
reagent, thus indicating its presence in the sample. 
US. Pat. No. 4,517,288 (Giegel, et al.) discloses methods 

for conducting ligand-binding assays using inert porous 
materials. In particular, the patent discloses immobiliZing an 
immunological binding material (eg antibody) speci?c for 
the ligand of interest (e.g. antigen) Within a ?nite test Zone of 
the porous material and applying the ligand to the test Zone, 
Which Will be captured by the immobilized binding material. 
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Immobilization of the binding material to the porous material 
may be achieved by any number of conventional methods 
including adsorption, covalent bonding, use of a coupling 
agent, etc. An enzyme-labeled indicator reagent, Which Will 
also recognize and bind With the ligand, is then applied to the 
test zone Where it Will become immobilized in an amount 
directly proportional to that of ligand present in the zone. A 
solvent is then applied to the center of the test zone to remove 
any unbound indicator reagent, thus enabling the determina 
tion of a signal to be made, With or Without the aid of appro 
priate analytical instruments. 
A more sophisticated version of a speci?c binding assay is 

described in Us. Pat. Nos. 4,094,647, 4,235,601 and 4,361, 
537 (Deutsch, et al.), Which incorporates a chromatographic 
test strip capable of transporting a developing liquid by cap 
illary action. The test strip is designed so that it has a ?rst zone 
for receiving a sample, a second zone impregnated With a ?rst 
reagent capable of being transported by the developing liquid 
and a third zone impregnated With a third reagent. In addition, 
the device comprises a measuring zone and a retarding ele 
ment Which may be either the second reagent or the material 
of the strip. The ?rst reagent is capable of reacting With one of 
the group consisting of (1) the sample, (2) the sample and the 
second reagent, or (3) the second reagent in competition With 
the sample, to form a product in an amount dependent on the 
characteristic being determined. A sample is contacted With 
the ?rst zone and the strip is then dipped into the developing 
liquid to bring about transport of the sample and the ?rst 
reagent to form the reaction product. The retarding element 
sloWs transport of either the product or the ?rst reagent (the 
moving reagent) to spatially separate the tWo and the amount 
of the moving element is then measured at the measurement 
location. 
A variation of the device by Deutsch, et al. is described in 

Us. Pat. No. 4,960,691 (Gordon et al.) for the analysis of 
antigens, antibodies or polynucleotides, Which also uses a 
length of a chromatographic material (i.e. test strip), a solvent 
carrier and mobile reagents. Essentially, the strip has three 
separate zones comprising a ?rst zone impregnated With a 
mobile reagent reactive With the analyte of interest, a second 
zone for receiving a test sample suspected of containing the 
analyte, and a third zone impregnated With an immobilized 
reagent Which selectively binds to the analyte, thereby ren 
dering the analyte in an immobilized form. Each zone is 
sequentially located an equidistant from its neighbour along a 
longitudinal axis of the test strip. The device optionally com 
prises fourth and ?fth zones impregnated With indicator 
reagents that Will provide a means of detecting the presence of 
the analyte. The method involves depositing the test sample in 
the second zone, folloWed by solvent addition to the strip at 
the end Where the ?rst zone is located so that sequential 
movement and arrival of the analyte and ?rst reagent eventu 
ally occurs at the third zone. The site relationship betWeen the 
second and third zones is such that the analyte is immobilized 
against solvent transport at the third zone prior to the ?rst 
reagent reaching the third zone. Any interfering non-analyte 
sample components, Which are reactive With the ?rst reagent, 
are cleared from the third zone by solvent transport prior to 
the arrival of the ?rst reagent to the third zone. Multiple and 
single pathWay devices are also disclosed for accomplishing 
a variety of multi-step assay procedures. 

U.S. Pat. No. 4,168,146 (Grubb, et al.) discloses the use of 
test strips for carrying out sandWich-type immunoassays. The 
strips are formed of bibulous carrier materials to Which anti 
bodies have been attached by adsorption, absorption or cova 
lent bonding. Preferred test strip materials include cellulose 
?bre-containing materials such as ?lter paper, ion exchange 
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4 
paper and chromatographic paper. Also disclosed are uses of 
materials such as cellulose thin-layer chromatography discs, 
cellulose acetate discs, starch and three-dimensional cross 
linked materials such as Sephadex (Pharmacia Fine Chemi 
cals, Uppsala SWeden). The immunoassay is performed by 
Wetting the test strip With a measured volume of a test sample 
suspected of containing the antigen. Any antigen present in 
the test sample migrates by capillary action along the test 
strip. HoWever, the extent of migration of the antigen over a 
?xed time period is determined by the antigen concentration 
in the test sample because the bound antibodies retard the 
migration of the antigens for Which they are speci?c. After 
Wards, the antigen-containing areas of the diagnostic device 
are indicated by the addition of labeled antibodies. 
An immunodiagnostic ?oW-through system comprising a 

series ofmethod steps is disclosed in Us. Pat. No. 4,632,901 
(Valkirs, et al.). The ?rst step involves taking a ?uid test 
sample suspected of containing a ?rst member of a speci?c 
binding pair (e.g. antigen) and pouring it onto a porous mate 
rial to Which a second member of the speci?c binding pair 
(e.g. antibody) is immobilized. In?uenced by the capillary 
action properties of an absorbent material, the ?uid test 
sample is draWn doWnWards in a vertical direction through the 
porous material and pass the immobilized antibody. Any anti 
gen present in the sample Will subsequently be captured by 
the immobilized antibody. The second step involves passing a 
separate solution of labeled antibody through the porous 
material so that the labeled antibody may bind to the antigen 
already captured by the immobilized antibody to form a 
three-membered complex. Any unreacted or unbound labeled 
antibody is then ?ushed aWay from the porous material via a 
third step, normally referred to as a Washing step, using a 
suitable reagent Which may then be folloWed by an incubation 
period. Finally, a fourth step involving a separate solution 
containing a substrate reactive With the label on the antibody 
of the second solution is added to cause a visible color change 
indicative of the presence of the antigen of interest. To facili 
tate accurate performance of this method, the apparatus is 
designed in such a Way as to funnel the sample through to the 
absorbent material Which, by capillary action, draWs the 
sample through the material and into the bottom of the appa 
ratus. 

An immunodiagnostic ?oW-through system described by 
Liotta in Us. Pat. No. 4,446,232 utilizes a combination of 
tWo different reaction zones arranged in three separate layers. 
The ?rst reaction zone comprises tWo layers fabricated from 
porous material Wherein the ?rst and second layers are 
impregnated With soluble enzyme-linked antibody and 
immobilized antigen, respectively. The third layer, or second 
reaction zone, contains immobilized indicator reagent that 
Will react With the enzyme linked to the antibody of the ?rst 
reaction zone to produce a color. If a liquid sample contains 
the antigen of interest, then after the sample is applied to the 
?rst reaction zone, the antigen contained therein Will bind 
With the soluble enzyme-linked antibody and diffuse through 
to the second reaction zone folloWing a short incubation 
period. The presence of antigen Will be detected When the 
enzyme reacts With the indicator reagent to produce a color. 
By contrast, if a liquid sample does not contain any antigen, 
then the enzyme-linked antibody Will migrate to the second 
layer of the ?rst reaction zone, aided by diffusion of the ?uid 
test sample, Where it Will bind to immobilized antigen. The 
binding reaction that occurs Will prevent any enzyme-linked 
antibody from reaching the second reaction zone Where it 
Would react With the indicator reagent. Thus, in this particular 
scenario, no color is observed indicating the lack of antigen in 
the ?uid test sample. 



US 8,586,375 B2 
5 

While the methods and devices described above may pro 
vide compact and somewhat reliable means for performing 
immunodiagnostic assays, several problems regarding their 
use still exist. In particular, one of the disadvantages encoun 
tered in determining the presence or absence of a target ana 
lyte in the majority of cases is the requirement to perform 
several addition and Washing steps using a range of solvents. 
The Washing steps are essential at various stages of the assay 
protocol in order to prevent undesired cross-reactions and to 
remove any excess unbound reagents and substances Which 
may subsequently interfere With the results. Unfortunately, 
this only complicates the overall procedure and effectively 
reduces the level of e?iciency desired in order to develop an 
improved and simpli?ed version of an immunodiagnostic 
assay. Thus, the need to adhere to several addition, Washing 
and incubation steps has largely limited these procedures to 
clinical settings Where skilled personnel and sophisticated 
equipment are available to carefully monitor and perform the 
assay With precision and accuracy. 

In addition, immunodiagnostic assays that employ chro 
matographic test strips or dipsticks suffer from a problem 
regarding sequential treatment With one or more solvents at 
various stages of the assay procedure. As each solution is 
added to the device, or as each device immersed into succes 
sive solutions, the opportunity for spillage or contact betWeen 
the solutions and the user are enhanced, thus leading to pos 
sible contamination and reduction in the reliability of the test. 

Depending on the assay and device used, it is usually 
necessary that the test sample be diluted With an appropriate 
reagent prior to application so that it Will diffuse more easily 
throughout the porous material and/or not overWhelm the 
concentration of the labeled reagent. However, dilution of the 
test sample not only reduces the speed and ease of performing 
an assay by including an additional step and reagent, but it can 
also reduce the sensitivity of an assay due to the correlation of 
analyte concentration to the detection signal generated. 
A further disadvantage associated With the use of some 

immunodiagnostic devices, particularly those incorporating 
lateral-?oW techniques, is that they characteristically require 
long incubation periods at various stages of the procedure. 
Depending on the relative mobility of the analyte of interest, 
the type of reagents and solvent used, and the site relationship 
betWeen the different reaction Zones, adequate time is essen 
tial in order to alloW for ef?cient migration of all the various 
components along the chromatographic solid phase material. 
Moreover, the lateral ?oW technique often contributes to a 
higher incidence of inaccurate results due to the tendency of 
mobile reagents to accumulate at, rather than clear, the 
periphery of the reaction Zone. As a result, these reagents Will 
often interact at the Zone and produce color products that may 
be easily mistaken for a true positive or negative result. 

Accordingly, the present invention provides an improved 
rapid diagnostic device, assay and multifunctional buffer for 
the detection of a target analyte in a ?uid test sample Which is 
e?icient, reliable and practical to perform. The simpli?ed 
2-step assay utiliZes a multifunctional buffer reagent and a 
dual component ?oW-through device comprising a test unit in 
combination With a detachable dried indicator reagent deliv 
ery unit Which are capable of receiving the ?uid test sample 
and multifunctional buffer, respectively. 

The multifunctional buffer serves as a combination Wash 

ing, diluting, Wetting and resolubiliZing reagent, Without sac 
ri?cing the sensitivity or speci?city of the diagnostic assay. 
Additionally, the buffer is formulated to preserve and opti 
miZe protein stability, as Well as minimiZe, if not eliminate, 
non-speci?c interactions that might lead to the generation of 
a false signal. 
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6 
SUMMARY OF THE INVENTION 

An object of the present invention is to overcome the dis 
advantages associated With existing rapid diagnostic assays 
by providing an improved device, method and multifunc 
tional buffer reagent. 

Using the simpli?ed device and single buffer reagent of the 
present invention, a qualitative and semi-quantitative assay 
(1) can be performed and read easily, (2) requires a minimum 
number of steps, (3) does not require lengthy incubation 
periods, and (4) is highly sensitive, speci?c and reliable. 
Typically, as little as a single drop (50 uL) of a ?uid test 
sample is needed to perform the assay. Moreover, the device 
and assay of the present invention is particularly advanta 
geous in that it is not only convenient and simple to use, but 
the device and reagents can be stored at room temperature for 
long periods of time Without diminishing the activity or sen 
sitivity of the assay. 
The combination of features associated With the present 

invention relates to the implementation of a ?oW-through 
technique in conducting diagnostic assays that are based on 
speci?c binding reactions betWeen tWo or more complemen 
tary members. On this basis, the rapid diagnostic device, 
assay and multifunctional buffer of the present invention have 
broad applicability in a variety of speci?c binding pair assay 
methods that essentially employ a capture reagent Which Will 
recogniZe and bind to a target analyte of interest. For example, 
the device of this invention can be used in an immunodiag 
nostic assay for the detection of either antigen or antibody in 
a ?uid test sample and is adaptable for use in a sandWich or 
competitive detection format. 
The kinetics of the reaction betWeen the target analyte and 

the indicator reagent are extremely rapid and complete 
because the assay device and procedure operates on the basis 
of a ?oW-through format. Moreover, the method of the 
present invention improves the accuracy of the assay com 
pared to conventional assays since the ?nal step of the assay 
involves the addition of resolubiliZed indicator reagent to the 
target analyte after the analyte has already complexed With 
the capture reagent. By contrast, most conventional assays 
require premixing of the indicator reagent With a ?uid test 
sample before addition to the capture reagent. As a result, the 
overall sensitivity of the assay is reduced due to the likelihood 
of the indicator reagent coming into contact With contami 
nants present in the test sample during the initial stage of the 
assay protocol, instead of only the analyte of interest. 
The improved rapid diagnostic device is advantageously 

used in combination With a multifunctional buffer reagent for 
the purpose of detecting a target analyte in a ?uid test sample 
based on the principle of a speci?c binding interaction 
betWeen tWo or more complementary members. The device of 
the invention comprises, as a ?rst component, a test unit 
capable of receiving a ?uid test sample, in combination With 
a second component, namely a dried indicator reagent deliv 
ery unit, capable of receiving the multifunctional buffer. The 
test unit comprises (1) a reaction Zone containing immobi 
liZed capture reagent that can speci?cally recogniZe and bind 
to the target analyte, (2) an absorbent Zone supporting the 
reaction Zone, and optionally, (3) a blood separation Zone in 
lateral ?uid communication With the reaction Zone. The dried 
indicator reagent delivery unit comprises a label Zone perme 
ated With a dried indicator reagent Which is resolubiliZed 
upon addition of the multifunctional buffer. The reaction Zone 
of the test unit is oriented so that the label Zone of the dried 
indicator reagent delivery unit can be brought into ?uid com 
munication thereWith after the ?uid test sample is applied to 
the test unit. 
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In the case of an immunodiagnostic assay, for example, in 
Which the analyte of interest is an antigen, an antibody, pref 
erably a monoclonal antibody or an a?inity puri?ed poly 
clonal antibody for the antigen, is bound to the reaction Zone 
as the capture reagent. In a preferred embodiment, the reac 
tion Zone is comprised of a porous membrane compatible for 
immobiliZation of the capture reagent and has loW non-spe 
ci?c binding for the indicator reagent. Any non-speci?c bind 
ing sites on the surface of the porous reaction membrane are 
inactivated by applying a protein blocking agent. The speci 
?city and a?inity of the immobiliZed capture reagent is such 
that it e?iciently binds and concentrates any analyte con 
tained in the ?uid test sample Within a de?ned region as the 
sample diffuses by capillary action from the reaction mem 
brane to the absorbent Zone directly underneath. 

The sensitivity of reaction-membrane type immunoassays 
(i.e. the ability to detect very loW levels of target analyte) can 
be increased if the sample is concentrated through the reac 
tion membrane. Therefore, concentration of analyte on the 
reaction membrane is achieved by having an absorbent mate 
rial, de?ning the absorbent Zone, placed directly beneath the 
reaction membrane that Will draW the ?uid test sample in, 
leaving only captured analyte on the upper surface of the 
reaction membrane. Since the absorbent material is in ?uid 
communication With the reaction membrane, the material is 
selected on the basis of having physical properties (e. g. pore 
siZe, Wicking poWer, etc.) Which Will effectively induce the 
?oW of ?uid through the reaction membrane, adequately hold 
assay sample and reagent ?uids, and provide support for the 
membrane. 

To facilitate the detection of a target analyte in a Whole 
blood sample, an alternate embodiment of the present inven 
tion provides a test unit capable of receiving and separating 
the ?uid portion of a Whole blood sample from the red blood 
cells (RBC), While transporting the RBC-free ?uid portion of 
the sample to the reaction Zone for the detection of analyte. 
This particular feature is useful in preventing any interference 
during visualization of a colour reaction for the detection of 
analyte (i.e. the use of “direct” labels Which provide a visually 
detectable signal directly Without the aid of instruments) and 
also avoids the necessity to obtain a preliminary extraction of 
serum or plasma in settings Where proper equipment to per 
form such a procedure is unavailable. 

Thus, in the case Where the ?uid test sample to be analyZed 
is a Whole blood sample, the test unit optionally features a 
separate blood separation Zone in lateral ?uid communication 
With the reaction Zone. In general, the blood separation Zone 
functions to selectively retain cellular components (i.e. red 
blood cells) contained Within the Whole blood sample and 
deliver the remaining components of the blood sample, 
including any analyte, to the reaction Zone. A ?rst end of the 
blood separation Zone, located a short lateral distance from 
the reaction Zone, de?nes a region for receiving the Whole 
blood sample prior to introduction of the analyte at the reac 
tion Zone. A second end of the blood separation Zone is 
contiguous With, and thus in direct ?uid communication With, 
the reaction Zone thereby promoting the capillary movement 
of the RBC-free ?uid portion of the blood sample from the 
?rst end to the reaction Zone for direct analysis of the target 
analyte. Thus, in effect, the blood separation material func 
tions as a lateral ?oW material for the selective removal of an 
effective amount of red blood cells from the Whole blood 
sample to prevent interference With the visual detection of the 
analyte, While alloWing other components of the sample to 
?oW With relatively unimpaired movement through the test 
unit. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
In a preferred embodiment, the blood separation Zone is an 

elongate or rectangular strip of porous material employing a 
hydrophobic carrier or backing and having intrinsic proper 
ties Which enable it to preferentially entrap or retain the red 
blood cells in the sample Within the blood separation Zone. 
The carrier or backing provides support for the blood sepa 
ration material and reduces seepage of the Whole blood 
sample as the RBC-free ?uid portion migrates along the 
material toWards the reaction Zone. 
The second component of the device, namely the dried 

indicator reagent delivery unit, comprises a label Zone per 
meated With a dried indicator reagent. The label Zone of the 
dried indicator reagent delivery unit is capable of being 
placed in transient ?uid communication With the reaction 
Zone of the test unit shortly folloWing application of the ?uid 
test sample to the test unit. 

Impregnating the label Zone of the dried indicator reagent 
delivery unit With a permanently detectable indicator reagent 
eliminates the need to perform separate resolubiliZation steps 
involving precise measuring, adding and premixing With a 
suitable solvent Which increases the possibility of user error. 
In a preferred embodiment, the label Zone comprises a ?lter 
medium selected on the basis of having a pore siZe large 
enough so that When the dried indicator reagent is resolubi 
liZed by addition of the multifunctional buffer, it Will easily 
?oW through an exposed area of the porous ?lter medium by 
the process of diffusion. The shape and dimensions of the 
dried indicator reagent delivery unit are such that it Will hold 
and effectively channel the multifunctional buffer through the 
porous ?lter medium When the label Zone is placed in tran 
sient ?uid communication With the reaction Zone of the test 
unit during the assay procedure. 

According to another important aspect of the invention, 
methods and devices are provided utiliZing “direct” labeled 
speci?c binding materials (i.e. colloidal particle labeled 
materials) Which are dried onto a ?lter medium and hence, are 
capable of being rapidly resolubiliZed and transported to the 
reaction Zone in the presence of the multifunctional buffer. 
Direct labels are Well knoWn in the art and highly advanta 
geous for their use in rapid diagnostic systems. Direct labels 
are capable of producing a visually detectable signal Without 
the aid of instrumentation or the addition of ancillary reagents 
and are stable When stored in the dry state. Supplying the 
indicator reagent by Way of incorporating it Within the ?lter 
medium in a dried form provides an inexpensive and conve 
nient means of storing such reagent. The preferred label for 
carrying out diagnostic assays is colloidal metal particles, 
more preferably colloidal gold, although other direct labels 
may be employed Which include, but are not limited to, non 
metal sols, dye sols, latex particles, carbon sol, and liposome 
contained colored bodies. 

According to a further important aspect of the present 
invention, there is provided an aqueous composition suitable 
for use as a multifunctional reagent in a diagnostic assay, 
comprising: (1) a biological buffer to maintain the pH 
betWeen about 7.0 to 10.0; (2) at least one surfactant to reduce 
non-speci?c binding of assay reagents While simultaneously 
avoiding inhibition of a speci?c binding interaction; (3) a 
high molecular Weight polymer as a dispersing and suspend 
ing reagent having a molecular Weight in a range of from 
about 2><l02 to about 2x 1 06 D; (4) a pH stabiliZer to maintain 
the pH of the multifunctional buffer betWeen about pH 7.0 to 
10.0; (5) an ionic salt to reduce the non-speci?c binding of 
antibodies; (6) at least one preservative to reduce bacterial 
and microbial groWth; and (7) a calcium chelator to prevent a 
Whole blood test sample from clotting; Wherein the biological 



US 8,586,375 B2 

buffer, surfactant, high molecular Weight polymer, pH stabi 
liZer, ionic salt, preservative and calcium chelator are all at 
effective concentrations. 

The improved buffer formulation does not require ancillary 
additives or the maintenance and inspection by laboratory 
instruments. More importantly, hoWever, is the multifunc 
tional nature of the buffer reagent Which enables it to serve as 
a combination Wash solution, diluent, resolubiliZation and 
solvent transport reagent, thereby eliminating the need for 
several separate solutions and steps to be performed during 
the assay protocol. The development of a single multifunc 
tional buffer greatly simpli?es the assay procedure by reduc 
ing the time and manual steps required to perform the assay, 
thereby minimiZing the likelihood for user error. In addition, 
utiliZing the multifunctional buffer in a ?oW-through format 
promotes quick release and enhanced mass transfer of the 
dried indicator reagent from the dried indicator reagent deliv 
ery unit to the test unit immediately folloWing resolubiliZa 
tion. Other functional properties exhibited by the multifunc 
tional buffer are that it maintains protein stability, thereby 
preserving and optimiZing the speci?c binding reaction that 
occurs betWeen complementary binding members, i.e. cap 
ture reagent and target analyte. Moreover, upon resolubiliZa 
tion of the dried indicator reagent, the buffer helps to maxi 
miZe signal generation in the case of a speci?c binding 
reaction and minimiZe nonspeci?c binding to the reaction 
membrane that might otherWise lead to the generation of a 
false signal. 

According to yet a further aspect of the present invention, 
there is provided a simple 2-step procedure for performing a 
diagnostic assay comprising (1) depositing a ?uid test sample 
onto the reaction Zone of the test unit, or if a Whole blood 
sample, onto a ?rst end of a blood separation Zone and shortly 
thereafter, bringing the test unit and the dried indicator 
reagent delivery unit into operable association thereWith such 
that the label Zone of the dried indicator reagent delivery unit 
is in transient ?uid communication With the reaction Zone of 
the test unit, and (2) adding the multifunctional buffer to the 
dried indicator reagent delivery unit folloWed by removal of 
the dried indicator reagent delivery unit to observe the test 
result. Following addition of the multifunctional buffer to the 
dried indicator reagent delivery unit, the buffer reagent dif 
fuses through the label Zone to reconstitute the indicator 
reagent and transport it to the reaction Zone Where it Will bind 
With any captured analyte. If analyte is present in the ?uid test 
sample, a detectable signal Will appear in the reaction Zone 
Which can be visually inspected for color and thus, a deter 
mination of the presence or absence of analyte made folloW 
ing removal of the dried indicator reagent delivery unit. An 
important advantage provided by the present invention is that 
the binding a?inity of the capture reagent is capable of immo 
biliZing and optimiZing exposure of the analyte in the ?oWing 
stream of reconstituted indicator reagent so that it is accumu 
lated in the reaction Zone and thus, e?iciently separated from 
the background stream of non-concentrated indicator 
reagent. 

The present invention also provides a diagnostic test kit for 
use in the detection of a target analyte in a ?uid test sample 
suspected of containing the analyte. Essentially, the kit com 
prises in a packaged combination: (1) the rapid diagnostic 
assay device comprising both the test unit and dried indicator 
reagent delivery unit as described above; (2) a multifunc 
tional buffer reagent for reconstitution of the dried indicator 
reagent; and (3) instructions for performing the diagnostic 
assay. The test kit preferably includes a suitable container for 
housing the test unit and the dried indicator reagent delivery 
unit in order to safeguard the solid phase materials and dried 
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indicator reagent from contamination, as Well as to provide 
ease and convenience in handling of the assay device. Option 
ally, the test kit also includes a means for applying the test 
sample and multifunctional buffer to the test unit and dried 
indicator reagent delivery unit, respectively (e.g. disposable 
pipettes). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a diagrammatic illustration of a ?rst embodi 
ment of the ?oW-through diagnostic device of the present 
invention comprising the test unit and dried indicator reagent 
delivery unit; 

FIG. 1B is a diagrammatic illustration of a second embodi 
ment of the ?oW-through diagnostic device of the present 
invention for analyZing a Whole blood test sample comprising 
the test unit and dried indicator reagent delivery unit; 

FIG. 2A is a diagrammatic illustration of a test sample 
applied to the reaction Zone of the test unit Which contains 
target analyte; 

FIG. 2B is a diagrammatic illustration of target analyte 
complexed With the capture reagent after the test sample has 
completely diffused through the reaction Zone and into the 
absorbent Zone of the test unit; 

FIG. 2C is a diagrammatic illustration of the dried indicator 
reagent delivery unit in ?uid communication With the reaction 
Zone of the test unit, to Which the multifunctional buffer is 
added; 

FIG. 2D is a diagrammatic illustration of resolubiliZed 
indicator reagent reacted With complexed capture reagent and 
analyte folloWing addition of the multifunctional buffer to the 
dried indicator reagent delivery unit; 

FIG. 3A is a diagrammatic illustration of a test sample 
applied to the porous reaction membrane of the test unit 
Which does not contain target analyte; 

FIG. 3B is a diagrammatic illustration of uncomplexed 
capture reagent after the test sample has diffused through the 
reaction membrane and into the absorbent material of the test 
unit; 

FIG. 3C is a diagrammatic illustration of the dried indicator 
reagent delivery unit in ?uid communication With the reaction 
Zone of the test unit, to Which the multifunctional buffer is 

added; 
FIG. 3D is a diagrammatic illustration of unreacted indi 

cator reagent folloWing resolubiliZation by the multifunc 
tional buffer after diffusing through the reaction Zone and into 
the absorbent Zone of the test unit; 

FIG. 4 shoWs an exploded cross-sectional vieW of an 
example of a suitable container Which houses the test unit and 
the dried indicator reagent delivery unit; 

FIG. 5 shoWs an enlarged cross-sectional vieW of the con 
tainer of FIG. 4 in its assembled form; 

FIG. 6 is a diagrammatic illustration of a second embodi 
ment of a portion of the test unit comprising a material de?n 
ing the blood separation Zone in ?uid communication With the 
reaction Zone; and 

FIG. 7A is a diagrammatic illustration of a top plan vieW of 
the top member of a 2-reservoir test cartridge for receiving 
and analyZing a Whole blood sample; and 

FIG. 7B is a diagrammatic illustration of a top plan vieW of 
the bottom member of a 2-reservoir test cartridge for receiv 
ing and analyZing a Whole blood sample. 

While this invention is satis?ed by embodiments in many 
different forms, there Will herein be described in detail pre 
ferred embodiments of the invention, With the understanding 
that the present disclosure is to be considered as exemplary of 
the principles of the invention and is not intended to limit the 
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invention to the embodiments illustrated and described. The 
scope of the invention Will be measured by the appended 
claims and their equivalents. 

DETAILED DESCRIPTION OF THE INVENTION 

Unless de?ned otherwise, all technical and scienti?c terms 
used herein have the same meaning as commonly understood 
by one of ordinary skill in the art to Which this invention 
belongs. It must also be noted that, as used in the speci?cation 
and the appended claims, the singular forms “a,” “an” and 
“the” include plural referents unless the context clearly dic 
tates otherWise. For example, reference to an “antigen” or 
“antibody” is intended to include a plurality of antigen mol 
ecules or antibodies. 

Ranges may be expressed herein as from “about” or 
“approximately” one particular value and/or to “about” or 
“approximately” another particular value. When such a range 
is expressed, another embodiment includes from the one par 
ticular value and/or to the other particular value. Similarly, 
When values are expressed as approximations, by use of the 
antecedent “about,” it Will be understood that the particular 
value forms another embodiment. 
As employed throughout the disclosure, the folloWing 

terms, unless otherWise indicated, shall be understood to have 
the folloWing meanings: 

Absorbent Zoneithe term “absorbent Zone” is intended to 
include one or more layers of a permeable (e.g. porous or 
?brous) material, Which layers can be the same or different, 
and are capable of draWing or Wicking ?uid by capillary 
action. The absorbent Zone should also be capable of absorb 
ing a substantial volume of ?uidthat is equivalent to or greater 
than the total volume capacity of the material itself, and thus 
have a high absorbent capacity. 

Analyte (or target analyte)ithe compound or composition 
of interest to be detected in a biologically derived ?uid test 
sample. Examples of analytes may include drugs, hormones, 
polypeptides, proteins including immunoglobulins, polysac 
charides, nucleic acids, and combinations thereof. 
Antibodyian immunoglobulin, Whether natural or partly 

or Wholly synthetically produced. The term also covers any 
polypeptide or protein having a binding domain Which is, or 
is homologous to, an antibody binding domain. These can be 
derived from natural sources, or they may be partly or Wholly 
synthetically produced. Examples of antibodies are the 
immunoglobulin isotypes and their isotypic subclasses; frag 
ments Which comprise an antigen binding domain such as 
Fab, scFv, Fv, dAb, Fd; and diabodies. 

Antibodies useful in conducting the immunoassays of the 
present invention include those speci?cally reactive With 
various analytes the detection of Which in biological ?uids is 
desired. Such antibodies are preferably IgG or I gM antibodies 
or mixtures thereof, Which are essentially free of association 
With antibodies capable of binding With non-analyte mol 
ecules. The antibodies may be polyclonal or monoclonal and 
are commercially available or may be obtained by mouse 
ascites, tissue culture or other techniques knoWn to the art. A 
typical description of hybridoma procedure for the produc 
tion of monoclonal antibodies may be found in Wands, J. R., 
and V. R. ZuraWski, Gastroenterology 80:225 (1981); Mar 
shak-Rothstein, A., et al.; J. Immunol. 12212491 (1979); Oi, 
V. Y. and L. A. HerZenberg, “Immunoglobulin Producing 
Hybrid”, Mishell B. B. and S. M. Shiigi (eds) Selected Meth 
ods in Cellular Immunology, San Francisco: W. H. Freeman 
Publishing, 1979; and US. Pat. No. 4,515,893 issued to 
Kung, et al. The use of mixtures of monoclonal antibodies of 
differing antigenic speci?cities or of monoclonal antibodies 
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12 
and polyclonal antibodies may be desired. It is further con 
templated that fragments of antibody molecules may be used 
as speci?c binding reagents according to the invention includ 
ing half antibody molecules and Fab, Fab' or F(ab')2 frag 
ments knoWn in the art. Regardless of the particular source or 
type of antibodies, hoWever, it is preferred that they be gen 
erally free of impurities. The antibodies may be puri?ed by 
column chromatographic or other conventional means but are 
preferably puri?ed according to knoWn af?nity puri?cation 
techniques. Antibodies materials may also be labeled With 
colloidal particles according to the invention and used in 
sandWich type assays for the detection of antigen analytes or 
in competition assays for the detection of antibody analytes. 

Antigeniantigens and haptens useful in carrying out the 
immunoassays of the present invention include those materi 
als, Whether natural or synthesiZed, Which present antigenic 
determinants for Which the analyte antibodies are speci?cally 
reactive When used according to the present invention. Syn 
thesiZed antigens include those Which are constructed accord 
ing to conventional chemical syntheses as Well as those con 
structed according to recombinant DNA techniques. Antigen 
materials may also be labeled With colloidal particles accord 
ing to the invention and used in sandWich type assays for the 
detection of antibody analytes or in competition assays for the 
detection of antigen analytes. 

Blood Separation ZoneiThe term “blood separation 
Zone” is intended to include a porous and/or ?brous material 
Which is capable of retaining red blood cells (RBC) from a 
Whole blood sample alloWing the RBC-free ?uid, including 
any target analyte, to migrate in a lateral ?oW by Way of 
capillary action. 

Capilliary Actionias used herein, the term “capillary” 
includes a capillary or other channel or pathWay Which per 
mits a liquid to traverse a porous, ?brous or absorbent mate 
rial. The material in capillary communication With the reac 
tion membrane of the test unit is selected on the basis of 
having intrinsic properties Which enable it induce ?oW of a 
?uid, either vertically or laterally, Without the use of external 
means. 

Capture Reagentiany compound or composition capable 
of recogniZing a particular spatial and/or chemical structure 
of an analyte. In the case of an analyte Which is a speci?c 
immunoglobulin species, the capture reagent may be the spe 
ci?c protein or eptitope recogniZed by the immunoglobulin. 
Other types of capture reagents include naturally occurring 
receptors, antibodies, antigens, enzymes, Fab fragments, lec 
tins, nucleic acids, avidin, protein A, and the like. 

Fluid test sampleithe ?uid test sample is assayed to form 
a detectible reaction product on the reaction membrane of the 
test unit. In preferred assay embodiments, the ?uid test 
sample is biologically derived (e.g. Whole blood, plasma, 
serum, urine, saliva, etc.) and is suspected to include as the 
target analyte, typically an antigen, antibody, or hapten 
capable of being bound by the capture reagent immobiliZed 
on the reaction membrane. 

Indicator Reagentia conjugate comprised of a speci?c 
binding member to the target analyte and a label conjugated to 
the speci?c binding member Which is capable of being visu 
ally detected. Additionally, the indicator reagent can be com 
prised of a general marker protein, e.g. Protein A, Protein G, 
or anti-IgG conjugated to a label. For example, in an assay for 
detecting antibody as a target analyte, a preferred indicator 
reagent Would be proteinA labeled With colloidal gold. Other 
indicator reagents may also include a labeled anti-human 
antibody directed to the antibody of interest, e.g. goat anti 
human IgG labeled With colloidal gold for the detection of 
human antibody in a ?uid test sample. 
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Labelia label may be any molecule bound or conjugated 
to a speci?c binding member or general marker protein Which 
can produce a signal. In the subject invention, the label is 
preferably a “direct” label Which is capable of spontaneously 
producing a detectible signal Without the addition of ancillary 
reagents and Will be easily detected by visual means Without 
the aid of instruments. The preferred embodiment of the 
invention uses colloidal gold particles as the label. Other 
suitable labels may include other types of colloidal metal 
particles, minute colored particles, such as dye sols, and 
coloured latex particles. Many such substances Will be Well 
knoWn to those skilled in the art. 

Label ZoneiThe term “label Zone” is intended to include 
a porous material Which is impregnated With a dried indicator 
reagent that can be readily resolubiliZed upon addition of a 
buffer reagent thereto. 

Reaction Zoneithe term “reaction Zone” is intended to 
include a porous material to Which the capture reagent and 
other molecules employed in the analytical assay are bound as 
Well as additional porous supporting material, if any, that 
forms the loWer surface of the reaction Zone. 

Speci?c Binding Memberithis describes tWo or more 
complementary members of a speci?c binding interaction 
Which have binding a?inity for one another. The speci?c 
binding members may be naturally derived or synthetically 
produced. One member of the speci?c binding interaction has 
an area on its surface, or a cavity, Which speci?cally binds to 
and is therefore complementary to a particular spatial and/or 
chemical structure of the other complementary member. 
Examples of types of speci?c binding pairs are antigen-anti 
body, biotin-avidin/streptavidin, hormoneihormone recep 
tor, receptor-ligand, enzyme-substrate, and the like. 

1.0 Introduction 

The present invention provides an improved rapid diagnos 
tic device, assay and a multifunctional buffer for the detection 
of a target analyte in a ?uid test sample, such as a body ?uid. 
The rapid diagnostic device is not only simple to use and 
economical to manufacture, but it is reliable enough to be 
utiliZed in sensitive analytical assays Without requiring 
lengthy incubation periods, extra Washing steps, or dilution of 
the sample. Since the assay may be varied according to the 
target analyte in question, the present invention is useful for a 
Wide variety of biological assays. For instance, a ?uid test 
sample (e.g. serum, plasma, Whole blood, saliva, urine, etc.) 
may be quickly and accurately analyZed for antigen, antibod 
ies, natural or synthetic steroids, hormones, and the like. 

The rapid diagnostic device useful in the practice of the 
invention is a dual component ?oW-through system compris 
ing a test unit and a dried indicator reagent delivery unit 
capable of receiving the ?uid test sample and multifunctional 
buffer, respectively. The test unit comprises a reaction Zone 
containing immobiliZed capture reagent that can speci?cally 
recogniZe and bind to the target analyte and an absorbent Zone 
supporting the reaction Zone. The reaction Zone of the test unit 
is oriented so that the label Zone of the dried indicator reagent 
delivery unit can be brought into transient ?uid communica 
tion thereWith shortly after the ?uid test sample is applied to 
the reaction Zone of the test unit. To facilitate the detection of 
a target analyte in a Whole blood sample, an alternate embodi 
ment of the present invention provides a test unit further 
comprising a blood separation Zone in lateral ?uid commu 
nication With the reaction Zone, Whereby a ?rst end of the 
blood separation Zone located a short lateral distance from the 
reaction Zone de?nes a region for receiving the Whole blood 
sample. A second end of the blood separation Zone may 
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14 
overlap slightly With the reaction Zone so as to ensure direct 
?uid communication thereWith. The dried indicator reagent 
delivery unit comprises a label Zone containing a dried indi 
cator reagent and is capable of being placed in transient ?uid 
communication With the reaction Zone of the test unit during 
the assay procedure. 
The assay protocol is a simple 2-step procedure involving 

(1) depositing a ?uid test sample onto the reaction Zone of the 
test unit, or if a Whole blood sample, onto a ?rst end of the 
blood separation Zone and shortly thereafter, bringing the test 
unit and the dried indicator reagent delivery unit into operable 
association such that the label Zone of the dried indicator 
reagent delivery unit is in transient ?uid communication With 
the reaction Zone of the test unit, and (2) adding the multi 
functional buffer to the dried indicator reagent delivery unit 
and removing the dried indicator reagent delivery unit to 
observe the test result. The multifunctional buffer passively 
diffuses through the label Zone of the dried indicator reagent 
delivery unit to resolubiliZe the indicator reagent and trans 
port it to the reaction Zone of the test unit Where it Will bind to 
the corresponding analyte complexed With the capture 
reagent. If analyte is present in the ?uid test sample, a detect 
able signal Will appear in the reaction Zone Which can be 
easily visualiZed folloWing removal of the dried indicator 
reagent delivery unit from the test unit. An advantage pro 
vided by the methodology of the present invention is the 
enhanced sensitivity and reliability of the test. This is 
achieved by maximiZing the opportunity for thorough capture 
of the analyte, even at loW concentrations. Additionally, the 
implementation of assay steps Which increase the likelihood 
of contamination of the sample and reagents is eliminated 
altogether by the assay of the present invention. 

2.0 Speci?c Binding Reaction 

The assay device of the present invention is used to quali 
tatively and semi-quantitatively detect the presence of a target 
analyte in a ?uid test sample. Analytes suitable for detection 
in the assay device are essentially members of a speci?c 
binding interaction such that one of the members is able to 
recogniZe and bind, usually non-covalently, to a complemen 
tary, non-identical member so as to form a stable complex that 
can be easily be detected, either directly or indirectly. The 
members of the speci?c binding reaction may be referred to as 
a target analyte and a capture reagent and may include a Wide 
variety of biologically derived substances that may partici 
pate in an immunological reaction, e.g. antigen-antibody, or a 
non-immunological reaction, e.g. avidin and biotin, cell sur 
face receptor and an effector agent, DNA and RNA, and so 
forth. For a disclosure of speci?c binding members see US. 
Pat. No. 3,996,345 (Ullman, et al.). 
As applied to binding assays, the assay device of the 

present invention can be designed to detect any number of 
target analytes, for Which there is a speci?c binding partner. 
The analyte usually is a peptide, protein, carbohydrate, gly 
coprotein, steroid, or other organic or inorganic molecule for 
Which a speci?c binding partner exists in a biological system, 
or can be synthesiZed. The binding assay essentially involves 
the speci?c binding of the analyte (i.e. the ?rst speci?c bind 
ing member) to a capture reagent (i.e. the second speci?c 
binding member) immobilized on a solid phase material and 
additionally, an indicator reagent (comprising a label attached 
to an ancillary second speci?c binding member or a general 
marker protein). The immobilization of the capture reagent to 
the solid phase material forms a “capture situs” and thus, 
facilitates the separation or removal of the target analyte from 
other components of the test sample. The label, Which enables 
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the indicator reagent to produce a detectable signal signifying 
the presence of analyte in the ?uid test sample, is achieved 
through direct or indirect binding of the binding member of 
the indicator reagent. Generally, the ancillary second speci?c 
binding member binds to the target analyte at a site Which 
does not interfere With the speci?c binding interaction 
betWeen the target analyte and the capture reagent. Exem 
plary, but not exclusive of the present invention, is the speci?c 
binding interaction that occurs as a result of antibody-antigen 
interactions. 

It Will be appreciated by those skilled in the art that While 
the rapid diagnostic assay device described herein is antici 
pated to be primarily employed in assaying either antigens or 
antibodies through the formation of an immune complex, that 
in fact, its applicability is considerably broader, and is not 
restricted to these molecules. At a minimum, the device 
merely requires that a ?rst member that recogniZe and bind 
With a second member of a speci?c binding reaction. The ?rst 
member can be conveniently termed a target analyte and the 
second member a capture reagent. While antigen and anti 
body are preferred embodiments of a target analyte and cap 
ture reagent, serving respective or alternative roles, the device 
can be used With a variety of capture reagent and analyte 
molecules. For example, hormone receptor molecules are a 
type of capture reagent molecule and can be attached to the 
reaction Zone of the test unit and used to assay for the corre 
sponding hormone analyte. Alternatively, a hormone could be 
bound to the reaction Zone and used to assay for hormone 
receptors (Hermanson, G. T. (1996) Bioconjugate Tech 
niques, Academic Press). 

The system is also adaptable to the detection of DNA 
sequences. For example, a ?uid test sample suspected of 
containing a DNA sequence as target analyte is deposited on 
the reaction Zone and binds to a knoWn complimentary DNA 
sequence immobiliZed as capture reagent on the reaction 
Zone. Then, a labeled DNA probe is transported by Way of the 
multifunctional buffer to the reaction Zone. If hybridization 
occurs, the labeled DNA probe Will be retained in a visually 
detectable form on the surface of the reaction Zone. This 
system is described in Polsky-Cynkin, R., et al., Clin. Chem. 
31/9, 1438 (1985). 

Thus, it Will be readily apparent to those skilled in the art 
that there are many such combinations of capture reagent 
target analyte pairs that may be suitably employable in the 
present diagnostic device and method. 

3.0 Assay Device and Methodology 

3.1 SandWich Technique 
A preferred embodiment of the present invention employs 

a direct binding (sandWich) assay format. The format is based 
on the principle of a speci?c binding interaction that Will 
occur betWeen a target analyte comprising the ?rst speci?c 
binding member, a capture reagent comprising a second spe 
ci?c binding member that is immobiliZed to a solid phase 
material, and a dried indicator reagent comprising an ancil 
lary second speci?c binding member, or a general marker 
protein. The aforementioned members form a three-mem 
bered complex When the contents of a ?uid test sample con 
taining the target analyte are reacted With immobiliZed cap 
ture reagent, folloWed by the addition of the indicator reagent. 
In general, the diagnostic assay thus depends upon the ability 
of a second speci?c binding member to speci?cally recogniZe 
and bind to the ?rst speci?c binding member. Depending 
upon the type of target analyte to be detected, an indicator 
reagent comprising an ancillary second speci?c binding 
member labeled With a visually detectable moiety is 
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employed to determine the existence of such binding. The 
amount of indicator reagent detected and measured after the 
reaction can be correlated to the amount of analyte present in 
the test sample. For example, in the sandWich immunoassay 
format, a test sample containing an antigen, i.e. the target 
analyte, is contacted With a primary antibody Which is immo 
biliZed on a solid phase material, i.e. the capture reagent. The 
solid phase material is subsequently treated With the indicator 
reagent, namely a secondary antibody that has been labeled 
With a visually detectable moiety. The secondary antibody 
then becomes bound to the corresponding antigen immobi 
liZed by the primary antibody immobiliZed to the solid phase 
material and any color change is then visually detected Which 
is indicative of antigen present in the test sample. 

Thus, in its simplest embodiment, FIG. 1A provides a 
diagrammatic illustration of the assay device 1 of the present 
invention Which comprises tWo separate components, a test 
unit 2 and a dried indicator reagent delivery unit 3. The test 
unit 2 is comprised of a reaction Zone 5 having its loWer 
surface supported by an absorbent Zone 4. The reaction Zone 
5 receives the ?uid test sample 9 directly and provides clear 
visualiZation of a test result due to the presence of immobi 
liZed capture reagent 6 contained therein Which is capable of 
recogniZing and binding the target analyte of interest through 
a speci?c binding interaction. In a preferred embodiment, the 
reaction Zone 5 is comprised of a porous membrane compat 
ible for immobilization of the capture reagent 6 and has loW 
non-speci?c binding for the indicator reagent 8. The absor 
bent Zone 4 is preferably made from permeable material 
possessing intrinsic properties that enable it to draW ?uid in 
by capillary action, adequately hold reagent and sample ?u 
ids, and additionally provide support for the reaction Zone 5. 
The dried indicator reagent delivery unit 3 comprises a label 
Zone 7 permeated With a dried indicator reagent 8. The dried 
indicator reagent 8 comprises a label and a speci?c binding 
member Which Will also recogniZe and bind to the analyte of 
interest, but at a site Which does not interfere With the speci?c 
binding interaction betWeen the target analyte and the capture 
reagent. The label Zone 7 preferably comprises a ?lter 
medium selected on the basis of having a pore siZe large 
enough so that When the dried indicator reagent 8 is resolu 
biliZed by addition of the multifunctional buffer 12, it Will 
easily ?oW through an exposed area of the label Zone 7 by the 
process of diffusion. The shape and dimensions of the dried 
indicator reagent delivery unit 3 are such that it Will hold and 
effectively channel the multifunctional buffer through the 
label Zone 7 When placed in transient ?uid communication 
With the reaction Zone 5 of the test unit 2 during the ?nal step 
of the assay procedure. 

FIG. 1B provides a diagrammatic illustration of the assay 
device 1 of a second embodiment of the present invention 
Which comprises tWo separate components, a test unit 2 and a 
dried indicator reagent delivery unit 3, Wherein the test unit 2 
additionally comprises a blood separation Zone 100 capable 
of receiving and separating the ?uid portion of a Whole blood 
sample 9' from the red blood cells (RBC), While transporting 
a RBC-free ?uid portion, including any analyte, to the reac 
tion Zone 5 for direct analysis. The preferred material for the 
blood separation Zone 100 is selected on the basis of having 
intrinsic properties Which enable it to preferentially entrap or 
retain the red blood cells in the sample 9' as the ?uid portion 
migrates in a lateral direction toWards the reaction Zone 5. 

FIG. 2 is a diagrammatic illustration shoWing the method 
of the invention using the device of FIG. 1A. In this particular 
instance, FIG. 2A shoWs a ?uid test sample 9 containing the 
target analyte 10, as Well as other non-essential components 
11, Which is applied to the reaction Zone 5 of the test unit 2. As 
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the ?uid test sample 9 diffuses through the reaction Zone 5 and 
into the absorbent Zone 4 underneath, the free analyte 10 
comes into contact With available sites of attachment on the 
capture reagent 6 and forms a complex, While unbound non 
essential component 11 continues to be draWn into the absor 
bent Zone 4 beloW (FIG. 2B). As shoWn in FIG. 2C, the label 
Zone 7 of the dried indicator reagent delivery unit 3 is subse 
quently brought into ?uid communication With the reaction 
Zone 5 of the test unit 2 prior to the addition of the multifunc 
tional buffer 12. Immediately folloWing resolubiliZation of 
the dried indicator reagent 8 by the buffer 12, the indicator 
reagent 8 is transported to the reaction Zone 5 of the test unit 
2, Where it Will bind With any analyte 10 that has complexed 
With the capture reagent 6. The binding reaction of the indi 
cator reagent 8 With the analyte 10 produces a visually detect 
able signal thereby indicating a positive result that is easily 
observed folloWing removal of the dried indicator reagent 
delivery unit 3, as per FIG. 2D. 

FIG. 3A is a diagrammatic illustration shoWing the method 
of the invention using the device of FIG. 1A When a ?uid test 
sample 9 devoid of target analyte is applied to the reaction 
Zone 5 of the test unit 2. As the ?uid test sample 9 diffuses 
through the reaction Zone 5 and into the absorbent Zone 4 
underneath, the non-essential components 11 completely 
bypass the capture reagent 6, leaving the sites of attachment 
unoccupied (FIG. 3B). As shoWn in FIG. 3C, the label Zone 7 
of the dried indicator reagent delivery unit 3 is subsequently 
brought into ?uid communication With the reaction Zone 5 of 
the test unit 2 prior to the addition of the multifunctional 
buffer 12. Immediately folloWing resolubiliZation of the dried 
indicator reagent 8 by the buffer 12, the indicator reagent 8 is 
transported to the test unit 2, Where it diffuses through the 
reaction Zone 5, pass the capture reagent 6 and into the absor 
bent Zone 4 beloW due to the absence of any target analyte 
complexed With capture reagent 6. FolloWing removal of the 
dried indicator reagent delivery unit 3, a color signal Will not 
be detected thereby indicating a negative result due to the 
absence of binding betWeen the indicator reagent 8 and com 
plexed analyte. 

To facilitate the detection of a target analyte in a Whole 
blood sample, an alternate embodiment of the present inven 
tion provides a test unit having a blood separation Zone 
capable of receiving and separating the ?uid portion of a 
Whole blood sample from the red blood cells (RBC), While 
transporting the RBC-free ?uid portion, including any ana 
lyte, to the reaction Zone for direct analysis. As shoWn in FIG. 
6, the blood separation Zone 100 is preferably an elongate 
strip of porous material Which is selected on the basis of 
having intrinsic properties Which enable it to preferentially 
entrap or retain the red blood cells in the sample 9' as the ?uid 
portion migrates in a lateral direction toWards the reaction 
Zone 5. Although the shape and dimensions are not critical, 
preferably the blood separation Zone 100 is a rectangular 
form having dimensions suitable for alloWing ef?cient 
removal of a substantial amount of red blood cells from the 
Whole blood sample 9' prior to the RBC-free ?uid portion of 
the sample 9' arriving at the reaction Zone 5. Thus, in effect, 
the blood separation material functions as a lateral ?oW mate 
rial for the selective removal of an effective amount of red 
blood cells from the Whole blood sample 9' so as to avoid 
interference With the visual detection of the analyte, While 
alloWing other components of the sample, including any ana 
lyte, to ?oW With relatively unimpaired movement to the 
reaction Zone 5. Preferably, a hydrophobic carrier 103 is 
a?ixed to the loWer surface of the blood separation Zone 100 
to provide support and reduce seepage of the ?uidphase While 
the RBC-free ?uid portion of the Whole blood sample 
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migrates toWards the reaction Zone 5. The carrier 103 is 
preferably similar in shape and siZe to the blood separation 
Zone 100. 

A ?rst end 101 of the blood separation Zone 100, located a 
short lateral distance from the reaction Zone 5, de?nes a 
region for receiving the Whole blood sample 9' prior to intro 
duction of the analyte at the reaction Zone 5. A second end 1 02 
of the blood separation Zone 100 is contiguous With and may 
overlap slightly With the reaction Zone 5, so as to be in direct 
?uid communication With the reaction Zone 5, thereby pro 
moting the capillary movement of the RBC-free ?uid portion 
of the blood sample 9' from the ?rst end of the blood separa 
tion Zone 100 to the reaction Zone 5. The blood separation 
Zone 100 and the reaction Zone 5 must contact one another in 
order to ensure optimal transfer of the sample from one Zone 
to the other. Therefore, it is preferably that the blood separa 
tion Zone 100 and the reaction Zone 5 overlap With one 
another slightly as opposed to being abutted to one another. 

Thus, the tWo-step assay protocol optionally employs a 
simultaneous separation of red blood cells from a Whole 
blood sample 9' in order to permit testing for a desired analyte 
Without the requirement for additional steps. For example, in 
the case Where a Whole blood sample 9' contains analyte, the 
sample 9' is simply applied to the ?rst end of the blood 
separation Zone 100 of the test unit, rather than the reaction 
Zone 5. As the RBC-free ?uid portion of the blood sample 9' 
migrates in a lateral direction to arrive at the reaction Zone 5, 
the free analyte eventually comes into contact With available 
sites of attachment on the capture reagent and forms a com 
plex. Thus, similar to the method steps shoWn in FIG. 2, 
unbound non-essential components are draWn into the absor 
bent Zone located beneath the reaction Zone. The label Zone of 
the dried indicator reagent delivery unit is subsequently 
brought into ?uid communication With the reaction Zone of 
the test unit prior to the addition of the multifunctional buffer. 
Immediately folloWing resolubiliZation of the dried indicator 
reagent by the buffer, the indicator reagent is transported to 
the reaction Zone of the test unit, Where it Will bind With any 
target analyte that has complexed With the capture reagent. 
The binding reaction of the indicator reagent With the target 
analyte produces a visually detectable signal thereby indicat 
ing a positive result that is easily observed folloWing removal 
of the dried indicator reagent delivery unit. 
3.2 Competitive Technique 

Those skilled in the art can deduce the application of the 
present invention in competitive, as Well as noncompetitive 
(e.g. sandWich), assays for target analyte of suitable interest. 
In the competitive format, it is an ancillary ?rst speci?c bind 
ing member of the indicator reagent (as opposed to an ancil 
lary second speci?c binding member in the case of the “sand 
Wich” technique) Which is capable of binding to the second 
speci?c binding member, i.e. the capture reagent. In other 
Words, ancillary ?rst speci?c binding member of the indicator 
reagent competes With the target analyte, i.e. ?rst speci?c 
binding member, for binding to sites of attachment of the 
capture reagent. The ancillary ?rst speci?c binding member 
Will comprise, for example, an analogue or other authentic 
sample of the target analyte Which has comparable binding 
a?inity With the ?rst binding member. When the ?uid test 
sample is deposited on the reaction Zone, any target analyte, if 
present, Will bind to available sites of attachment of the cap 
ture reagent, i.e. the second binding member, and thus poten 
tially block the ancillary ?rst binding member of the indicator 
reagent from binding to the capture reagent folloWing its 
addition. If the ?uid test sample happens to contain the target 
analyte, the absence of a color signal Will indicate a positive 
result due to the inability of the indicator reagent to bind to the 



US 8,586,375 B2 
19 

capture reagent. Alternatively, if the test sample does not 
contain any target analyte, the presence of a color signal Will 
indicate a negative result due to the ability of the indicator 
reagent to bind to unoccupied sites of attachment of the cap 
ture reagent. 

4.0 Test Unit 

As described above, the diagnostic device of the present 
invention comprises, as a ?rst component, a test unit having a 
reaction zone containing immobilized capture reagent that 
can speci?cally recognize and bind to the target analyte, an 
absorbent zone supporting the reaction zone, and optionally, 
a blood separation zone in lateral ?uid communication With 
the reaction zone. The reaction zone of the test unit is oriented 
so that the label zone of the dried indicator reagent delivery 
unit can be brought into transient ?uid communication there 
With shortly after the ?uid test sample is applied to the test 
unit. 
4.1 Reaction Zone 

The term “reaction zone” is intended to include the porous 
material to Which the capture reagent and other molecules 
employed in the analytical assay are bound as Well as addi 
tional porous supporting material, if any, that forms the loWer 
surface of the reaction zone. 
The selection of the material for the reaction zone is not 

critical to the invention. The materials used to fabricate the 
device of the present invention are Well knoWn in the art. 
Porous materials, such as those described in U.S. Pat. Nos. 

4,670,381, 4,632,901, 4,666,863, 4,459,361, 4,517,288, and 
4,552,839, may be composed singly or in combination of 
glass ?bers, cellulose acetates, nylon, or various synthetic or 
natural materials. 

The preferred material of the reaction zone is a membrane 
Which has a pore size permitting separation and ?ltration of 
other non-essential components from the ?uid test sample 
being assayed. The ?oW of the aqueous reagents is controlled 
through diffusion and the membrane should have loW non 
speci?c binding for the indicator reagent before or after treat 
ment With reagents such as proteins, detergents, or salts. 
There are many porous membrane, ?lms, or papers available 
commercially Which have controlled hydrophobicity and are 
suitable for the practice of the invention. The reaction mem 
brane can be any shape and thickness but usually is ?at and 
thin. The absorption, diffusion or ?ltration of the liquid phase 
of the reactants from the solid phase particles in the separation 
step of the assay can be facilitated by the addition of a ?brous 
or hydrophilic material (absorbent pad) in contact With the 
underside of the reaction membrane. The size of the area 
exposed to the solid phase particles can be controlled by using 
a hydrophobic material such as plastic, plastic laminate, or 
other similar substance that is placed in contact With the 
reaction membrane and seals the reaction zone such that only 
a surface area no greater than about 150 mm2 is exposed to the 
particulate solid phase. 

The porosity of the membrane has a large in?uence on the 
?oW rate of the liquid and sensitivity of the assay. The larger 
the pore size of the membrane, the faster the ?oW rate for a 
given liquid. As the ?oW rate increases, the interaction time 
available betWeen the target molecule in the sample and the 
receptor immobilized on the reaction membrane decreases, 
thus decreasing assay sensitivity. Additionally, larger pore 
sizes provide less surface area for immobilizing the receptor 
molecule, Which is another parameter attributable to 
decreased assay sensitivity. For most assays, the porosity of 
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the membrane is preferably in the range of about 0.1 to about 
12.0 microns, and more preferably ranging from about 0.2 to 
0.8 microns. 
The Wicking poWer of the membrane may also affect assay 

sensitivity and depends on the thickness and nature of the 
membrane material. Wicking poWer can be measured as the 
migration of a standard solution through a certain distance per 
unit time. Often times, selecting a membrane having a rela 
tively loW Wicking poWer can increase assay sensitivity. Thus, 
in addition to porosity, the overall thickness of the reaction 
membrane may affect assay sensitivity and therefore, must 
also be considered. 
The thickness of the reaction membrane, Which is the dis 

tance betWeen the upper and loWer surfaces of the reaction 
membrane, can vary depending upon the ?oW characteristics 
needed for a given diagnostic assay. Typically, the thickness 
Will range from about 0.05 mm to about to 3.0 mm, and more 
commonly from about 0.1 to about 1.0 mm. With some immu 
noassays in particular, it has been found that When the thick 
ness of the reaction membrane is greater than about 0.1 mm, 
and preferably in the range of about 0.2 mm to about 1.0 mm, 
higher sensitivity can be achieved. Moreover, it is believed 
that prior art devices Which have relatively thin reaction mem 
branes, such as nitrocellulose membranes less than 0.1 mm 
thick and Which are not paper-backed, tend to alloW the 
sample to ?oW sideWays across the reaction membrane rather 
than doWnWards through the middle of the reaction mem 
brane. On the other hand, a thicker reaction membrane may 
alloW more capture reagent to be available for binding to the 
target analyte, thereby providing a further increase in assay 
sensitivity. Thus, the thickness of the membrane should be 
selected so that an adequate amount of binding reagent can be 
immobilized to capture the sample component. HoWever, if 
the membrane thickness is to large, it may cause undue delay 
of the passage of the ?uid test sample through the membrane. 

Another factor to be considered is that the material of the 
reaction membrane be selected on the basis that it is compat 
ible for immobilization of the capture reagent. The reaction 
membrane may be any suitable porous material capable of 
immobilizing the capture reagent employed in the diagnostic 
assay so long as the performance of the assay is not adversely 
affected. Suitable materials include nitrocellulose (supported 
or unsupported), glass ?ber, polyester, cellulose nitrate, poly 
ester, polycarbon, nylon, and other natural and synthetic 
materials Which can be coupled directly or indirectly to the 
selected capture reagent. Usually the membrane Will com 
prise negative charges that alloW the capture reagent molecule 
to bind. Certain membrane materials Which are charged 
include cellulose nitrate Which has partial negative charges 
contributed by the nitro groups. 

In some cases commercial ?lters are available that have 
immobilized to their internal and/ or external surfaces a reac 

tant for the attachment of biological molecules, such as anti 
bodies or antigens, to the surfaces. Examples of various ?lters 
include cellulosic ?lters (?lter papers), polyamide mem 
branes (e.g. numerous variations of polyamide membranes 
are manufactured by the Pall Corporation), and various other 
microporous membranes, such as those available commer 
cially from Amicon, Geleman, and Schleicher & Schuell. For 
example, the folloWing membranes are available from Pall 
Corporation: Biodyne®, a N66 polyamide microporous 
membrane (U .8. Pat. No. 4,340,479 issued to Pall); Carboxy 
dyne®, a hydrophilic, microporous, skinless nylon 66 mem 
brane With control surface properties characterized by car 
boxyl functional groups at its surfaces; and lmmunodyneTM, 
a modi?ed Carboxydyne® membrane prepared by treating a 
Carboxydyne® membrane With trichloro-s-triazine. Other 
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microporous membranes, prepared by the Millipore Corpo 
ration, are described in US. Pat. Nos. 4,066,512 and 4,246, 
339. 

Other materials may be pre-treated to provide a charged 
membrane. For example, polyester can be derivatized With 
carboxyl or amino groups to provide either a negatively or 
positively charged membrane. Nylon can be treated With acid 
to break peptide bonds to provide positive charges (from the 
amine groups) and negative charges (from the carboxyl 
groups). 
A preferred material for utilization as a reaction membrane 

is a nitrocellulose membrane backed With porous paper simi 
lar to ?lter paper, or other types of nitrocellulose membranes 
With similar characteristics.A representative example is com 
mercially available under the trade name BAC-T-KOTE by 
Schleicher and Schuell. This material is substantially more 
durable than nitrocellulose alone and can be employed With 
out any other support component While alloWing for easier 
handling and device assembly. Additionally, it has been found 
that analytical devices employing paper-backed nitrocellu 
lose for the reaction zone have enhanced sensitivity in certain 
immunoassays. 

Other commercially available materials are from EY Labo 
ratories Inc. (San Mateo, Calif.; Cat. Nos. PBNC15-1, 
PBNC15-10, PBNC15M-1, and PBNC15M-10). 
4.2 Immobilization of the Capture Reagent 

In a typical system, the capture reagent is immobilized on 
the porous membrane of the reaction zone Which Will speci? 
cally recognize and bind to any target analyte present in the 
?uid test sample being assay. Such reagent, typically an 
immunological protein such as an antibody or antigen, can be 
immobilized directly or indirectly onto such materials, such 
as nitrocellulose, by either absorption, adsorption, or covalent 
bonding. When a ?uid test sample suspected of containing the 
target analyte of the speci?c binding interaction is applied to 
the reaction zone containing the immobilized capture 
reagent, it becomes non-diffusively bound to the reaction 
zone. Thus, by appropriate application of a ?uid test sample 
suspected of containing the target analyte of interest, a high 
concentration of the target analyte can be obtained in a Well 
de?ned region Within the center of the reaction zone. In 
appropriate cases, the capture reagent may be coated on the 
upper surface of the reaction zone or be a particulate Which is 
entrapped Within the matrix of the porous material of the 
reaction zone. Therefore, as used herein, the term “immobi 
lized” is intended to embrace any means for ?xing the capture 
reagent to the porous material. 
A ?rst step of the present method is to immobilize the 

capture reagent Within a ?nite zone of the reaction zone. 
Immobilization can be accomplished by methods such as 
adsorption, absorption, evaporative deposition from a volatile 
solvent solution, covalent bonding betWeen the capture 
reagent and the reaction membrane, or immunological immo 
bilization. Covalent bonding may, for example, involve bond 
ing the capture reagent to the reaction zone through a cou 
pling agent, such as a cyanogen halide, e.g. cyanogen 
bromide or by the use of gluteraldehyde, as described by 
Grubb, et al. inU.S. Pat. No. 4,186,146. Immunlogical immo 
bilization to the reaction membrane may be by absorption, or 
by covalent linkage, directly, or through a linker of sorts 
Well-knoWn to those skilled in the art. Suitable methods of 
carrying out these procedures are given, for example, by !man 
and Hornby in Biochemical Journal (Volume 129; Page 255; 
Campbell, Hornby, and Morris in Biochem. Biophys. Acta 
(1975), Volume 384; Page 307; and Mattisson and Nilsson in 
F.E.B.S. letters, (1977) Volume 104, Page 78. See also, for 
example, US. Pat. Nos. 4,376,110 and 4,452,901. In addi 
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tion, chemically pretreated materials suitable for coupling 
antibodies can be purchased commercially. 

Immunological immobilization is preferred for the practice 
of the present invention. For example, if a sandWich immu 
noassay is employed in the present device using antibody as 
the capture reagent, then the reaction membrane is impreg 
nated With antibody by Way of absorption using a dispenser/ 
printer technique (BioDot, Calif., U.S.A.). This involves 
applying one or more distinct antibodies to the membrane by 
spraying them directly onto a reaction membrane. The above 
technique is most readily achieved using a commercial print 
ing device termed a BIOJET QUANTI 3000, and provides a 
stream of the immunological protein under a variety of con 
ditions, and at varying stream Widths. Using this technique, it 
is possible to rapidly deposit a series of lines, or other discrete 
patterns on the reaction membrane, each containing an anti 
body With different antigenic speci?cities for binding one or 
more antigens. Thus, the number of antigens that can be 
assayed is a function of the number of different antibodies 
that can be applied in distinct patterns. 

Depending on the detection limits the user Wishes to 
impose on the diagnostic assay, the capture reagent can be 
deposited singly or in various combinations in the reaction 
zone in a variety of con?gurations to produce different detec 
tion or measurement formats. For example, a panel of tWo or 
more different speci?c binding members selected as the cap 
ture reagent for the diagnostic assay may be applied to dif 
ferent regions of the same reaction membrane so that the 
presence of multiple analytes in a single ?uid test sample may 
be simultaneously analyzed, e. g. for the detection of HIV and 
HCV. Preferably, the capture reagent is deposited in a discrete 
test zone having an area substantially smaller than that of the 
entire surface area of the porous material used in the reaction 
zone. Various patterns that are convenient for the distribution 
of the capture reagent may include, but are not limited to, 
numerals, letters, dots, lines and symbols, or the like, Which 
display the detectable signal upon completion of the assay. It 
is preferred that the pattern of the discrete test zone be in the 
form of a single line to enhance the visibility of the test result. 
4.3 Capture Reagent 

Since the present apparatus is designed to be used in a 
method for detecting a target analyte in a ?uid test sample, a 
capture reagent must be provided Which Will recognize and be 
capable of speci?cally binding to the target analyte. One of 
ordinary skill in the art Will appreciate that the term “speci?c 
binding” refers to the interaction that Will occur betWeen tWo 
or more complementary non-identical components to form a 
complex. Examples of such binding pairs include antigens 
and antibodies, hormones (and other intracellular messen 
gers) and cell receptors, sugars and lectins. Either member of 
the speci?c binding pair can be immobilized to the reaction 
zone With the other member being the analyte being detected 
in the test sample. Exemplary, but not exclusive of the present 
invention, is the speci?c binding interaction that occurs as a 
result of antibody-antigen interactions. HoWever, it should be 
realized that the use of terms such as antigen and antibody are 
not mutually exclusive since antibodies can act as antigens for 
other antibodies. 

Because of the relative ease With Which speci?c antibodies 
can noW be prepared against antigens, preferred embodi 
ments of the invention may or can use monoclonal antibodies 
attached to the reaction membrane to detect the presence of 
their speci?c antigen in a ?uid test sample. The monoclonal 
antibodies can belong to any of the classes or subclasses of 
antibodies, including IgA, IgD, IgE, IgG (subclasses 1-4, if 
human; 1, 2a, 2b, 3, if murine), or IgM. Actively binding 
fragments of antibodies can also be employed, such as Fab, 
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Fv, F(ab')2, or the like. The preparation of monoclonal anti 
bodies is Well known in the art Which is accomplished by 
fusing spleen cells from a host sensitized to the antigen With 
myeloma cells in accordance With knoWn techniques or by 
transforming the spleen cells With an appropriate transform 
ing vector to immortaliZe the cells. The cells can be cultured 
in a selective medium, cloned, and screened to select mono 
clonal antibodies that bind the designated antigens. Numer 
ous references can be found on the preparation of monoclonal 
and polyclonal antibodies (e.g. Kohler and Milstein, (1975) 
Nature (London) 256, 495-497; Kennet, R., (1980) in Mono 
clonal Antibodies (Kennet et al., Eds. pp. 365-367, Plenum 
Press, N.Y.). 
4.4 Control Zone 

In addition to the capture reagent, a de?ned area of the 
exposed reaction Zone may also contain a control molecule. 
In this regard, color development at the test site may be 
compared With the color of one or more standards controls to 
determine Whether the reagents are stable and the test is 
performing properly. In general, When testing for the pres 
ence of target analyte, the diagnostic device Will have a built 
in control of an antibody directed to human immunoglobulin 
G (IgG), IgM, IgE, or IgA. Thus When a ?uid test sample is 
added to the diagnostic device, immunoglobulin Will bind to 
the control region regardless of Whether or not target analyte 
happens to be present in the sample. For example, a suitable 
control may be established by using Protein A Which is dis 
closed in US. Pat. No. 5,541,059 (Chu). Other suitable con 
trols are Well knoWn in the art. 
4.5 Blocking the Reaction Zone 
As noted above, the capture reagent, and the optional use of 

controls, are typically applied only to de?ned regions of the 
exposed surface of the reaction Zone. The capture reagent Will 
often be applied to a region Within the center of the reaction 
Zone such that the perimeter of the exposed surface of the 
reaction Zone Will not have any capture reagent bound thereto. 
On the other hand, in some situations, it may be appropriate to 
cover the entire exposed surface of the reaction Zone With the 
capture reagent. If, hoWever, capture reagent is immobiliZed 
onto a limited region of the exposed surface of the reaction 
Zone, the porous material or membrane from Which the Zone 
is made can be treated With a blocking composition that 
prevents the target analyte and other components of the 
sample from non-speci?cally binding to the reaction Zone. 
For assays Where non-speci?c binding is not problematic, a 
blocking step Will be unnecessary. Also, the use of a good 
quality paper-backed nitrocellulose may make a blocking 
step unnecessary in some assays. HoWever, if a blocking step 
is needed, common blocking solutions comprising bovine 
serum albumin (B SA) or other proteins Which do not interfere 
With, or cross-react With, reagent materials of the assay can be 
used. BSA is usually used in amounts from about 1 to 10%. 

The blocking treatment typically occurs after the analytical 
device has already been assembled and the capture reagent is 
immobiliZed to the reaction Zone. A suf?cient amount of 
blocking composition Which Will cover the exposed surface 
of the reaction Zone is applied. After the blocking composi 
tion has dried, the analytical device is ready for use. 
4.6 Absorbent Zone 

The sensitivity of reaction-membrane type immunoassays 
(i.e. the ability to detect very loW levels of target substance) 
can be increased if the sample is concentrated through the 
reaction Zone. With some devices, concentration of the 
sample through a reaction Zone is achieved by having an 
absorbent material, or pad, beneath the reaction Zone that 
draWs the sample, Which is added to the surface of the reaction 
Zone, through to the absorbent material beloW. The absorbent 
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Zone can be generated from any material capable of Wicking 
?uid by Way of capillary action, such as cotton or paper. 
Membrane-based immunoassays that utiliZe various absor 
bent materials to concentrate sample are exempli?ed in US. 
Pat. Nos. 5,185,127, 5,006,464, 4,818,677, 4,632,901, and 
3,888,629. 
An absorbent material is situated underneath the loWer 

surface of the reaction Zone so as to be in direct ?uid com 
munication With the reaction Zone. Thus, the upper surface of 
the absorbent material is immediately adjacent to the loWer 
surface of the reaction Zone. Fluid communication contact 
involving direct physical contact of the absorbent material 
With the reaction Zone may optionally include the separation 
of a portion of the absorbent material from the reaction Zone 
by an intervening spacer layer Which has an opening therein. 
Accordingly, the spacer layer still permits direct contact 
betWeen the reaction Zone and the absorbent Zone thereby 
enabling the assay reagents to ?oW uniformly from the upper 
surface doWn to the loWer surface of the assay apparatus. 
Although not critical to the performance of the apparatus, the 
spacer layer also serves to hold the porous membrane of the 
reaction Zone. The spacer layer may be made of any rigid or 
semi-rigid material that does not bind or interact With assay 
reagents used in conjunction With the invention. Exemplary 
of materials for the spacer layer 25 are ?berglass, paper, 
hydrophilic polypropylene, or cellulose. The thickness of the 
spacer layer 26 Will generally be in the range of about 0.1 mm 
to 1 mm. In embodiments of the invention Where ease of 
manufacture and reduced costs are desired, the upper surface 
of the absorbent material is typically placed immediately 
adjacent the loWer surface of the reaction Zone. 
The selection of material for the absorbent Zone is not 

critical and a variety of ?brous ?lter materials can be used, 
including one or more layers of the same or different materi 
als, providing that the material selected is compatible With the 
target analyte and the assay reagents. Any conventionally 
employed absorbent material that is capable of draWing or 
Wicking ?uid through a porous membrane, such as for 
example, by capillary action, can be used in the present inven 
tion. The absorbent material should be capable of absorbing a 
volume of ?uid test sample that is equivalent or greater than 
the total volume capacity of the material itself. Useful knoWn 
materials include cellulose acetate ?bers, polyester, polyole 
?n or other such materials. The absorbent material provides a 
means to collect the sample by providing uniform “suction” 
to deliver the sample from the Well, through the reaction Zone, 
and doWn into the absorbent material. Thus, the absorbent 
body also acts as a reservoir to hold the sample, and various 
reagents that are used When the assay is performed. Accord 
ingly, When used in assays Where relatively large volumes of 
?uid are used, the absorbent material should have high absor 
bent capacity so as to prevent or minimize the possibility of 
back-?oW of sample and reagents from the absorbent body 
back into the reaction membrane. 
As With the reaction Zone material, the Wicking poWer of 

the absorbent material can be an important parameter. Wick 
ing time is de?ned in terms of the time required for Water to 
travel a de?ned distance through the absorbent material and is 
related to the thickness and porosity of the material. Wicking 
poWer can vary greatly from one material to the next and 
therefore, the properties of the analytical device and ?oW rate 
of sample and reagents can be modi?ed by varying the absor 
bent material used. 
4.7 Blood Separation Zone 

To facilitate the detection of a target analyte in a Whole 
blood sample, an alternate embodiment of the present inven 
tion provides a test unit capable of receiving and separating 




























