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AMPLIFICATION METHOD FOR SOLID PHASE 
IMMUNOASSAYS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority from US. 
Provisional Patent Application Ser. No. 60/604,378 ?led on 
Aug. 25, 2004, Which is expressly incorporated by reference 
herein. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to immunoassays 
for detecting one or more target analytes in a ?uid sample 
Wherein the detection reaction occurs on a solid support. 

BACKGROUND OF THE INVENTION 

[0003] Immunoassays have become methods of choice for 
rapid in vitro diagnostics due in part to the ease of use, speed 
of reaction, and relatively loW cost. A common immunoas 
say format comprises a “capture” reagent immobilized on a 
solid substrate Wherein the capture reagent is capable of 
binding the target analyte, or a complex containing the target 
analyte, or a molecule that competes With the target analyte 
for binding sites on the capture reagent. By localiZing the 
capture reagent in a restricted Zone or area, the result of the 
immunoassay is readily visualiZed or detected. 

[0004] In particular, immunoassays in the form of lateral 
?oW test strips for the rapid analysis of ?uids, including, but 
not limited to, body ?uids such as urine, saliva, serum, 
plasma, Whole blood, spinal ?uid, amniotic ?uid, and the 
like, or liquid extracts of specimens such as feces, sputum, 
nasal sWabs, etc., are popular as a means of determining the 
presence or absence of target analytes, such as hormones, 
drugs, allergens, and disease-related antigens. Examples of 
lateral ?oW devices are disclosed in US. Pat. Nos. 4,094, 
647, 4,235,601, and 4,361,537 to Deutsch et al., as Well as 
US. Pat. No. 5,120,643 to Ching et al., US. Pat. No. 
5,602,040 to May et al., US. Pat. No. 5,714,389 to Charlton 
et al., and US. Pat. No. 6,352,862 to Davis et al., among 
many others. 

[0005] Regarding ease of use, typically very little, if any, 
specimen processing is required prior to adding a liquid 
sample to a test strip. Therefore, preferably, the sensitivity of 
a lateral ?oW test device is adequate to detect or measure a 
minimal biologically and/or physiologically signi?cant con 
centration of particular target analyte, as may be expected to 
be contained Within a ?uid specimen as collected, Without 
requiring additional processing to concentrate the target 
analyte prior to testing. Such restrictions on processing 
present a challenge When the biologically or physiologically 
meaningful concentration of a target analyte is loW. Also, 
throat or nasal sWabs, sputum, semen, vaginal and cervical 
secretions and other sorts of viscous specimens usually 
require addition of a reagent to extract, breakdoWn or “thin” 
the sample to achieve an appropriately liquid state to ?oW 
through a test device. Addition of such reagents leads to 
further dilution of the concentration of target analytes, 
compounding the problem of detecting loW levels of target 
analytes that may be present in a mucus specimen, throat 
sWab, semen, and the like. 

[0006] Methods of increasing the amount of detectable 
label captured at a test site have been described. US. Pat. 
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No. 5,141,850 to Cole et al., expressly incorporated by 
reference herein in its entirety, teaches the binding of a 
“capturable” reagent to the target analyte, along With bind 
ing of a labeled reagent, and the immobiliZation of a capture 
reagent speci?c for the capturable component. A preferred 
embodiment uses streptavidin conjugated to latex particles 
and localiZed Within the pores of the porous carrier material 
at the test site by depositing the particles under mild vacuum 
conditions. HoWever, conjugation of streptavidin to latex 
particles adds to the labor and cost of manufacturing the test 
device and entrapping particles Within the pores of the 
carrier material is not equivalent to chemically or physically 
binding, directly or indirectly, the capture reagent to the 
carrier material. Moreover, entrapment of latex particles 
Within a carrier material requires porosity suf?cient to con 
tain particles, but is not desirable for use in connection With 
samples containing cellular contaminants and/or debris, 
such as sputum samples, semen, vagina and cervical secre 
tions, Whole blood, and the like. 

[0007] Another approach to ampli?cation of detection 
Within an immunoassay is to use polymeric carriers in 
preparing various conjugated reagents. Such polymeric con 
jugates are disclosed in US. Pat. No. 5,543,332 to Lihme et 
al. (expressly incorporated by reference herein in its 
entirety). One example is a dextran-polystreptavidin conju 
gate. Conjugation of multiple molecules of streptavidin to 
each dextran molecule signi?cantly increases the number of 
available streptavidin molecules Within a localiZed area for 
binding to a receptor molecule, namely biotin, thereby 
amplifying the amount of biotinylated molecules captured 
Within a localiZed area. 

[0008] It is knoWn to use dextran-polystreptavidin for 
preparing conjugate reagents that react in a “free” form (not 
immobiliZed on a solid support) in solution, for binding to 
or competing With a target analyte. Such reagents are taught 
in US. Pat. No. 5,543,332 in connection With ELISA and 
“dot-blot” immunoassays Wherein biotin is immobiliZed on 
a solid support and, thus, biotin serves as the capture 
reagent. More recently, polymeric conjugates are described 
in US. Pat. No. 6,709,611 to Lassen et al. in connection With 
an assay for detecting respiratory syncytial virus (RSV), 
Wherein a dextran polymeric carrier is used as a “mobile 
solid phase”, for example, to prepare labeling reagents. 

SUMMARY OF THE INVENTION 

[0009] The present invention is directed to immunoassays 
incorporating an ampli?cation system. In particular, the 
invention is directed to making and using a test device 
having at least one site for detecting the presence of at least 
one target analyte, Wherein a conjugate comprising dextran 
polystreptavidin is immobiliZed at the test site(s) as a 
capture reagent. Applicants discovered that dextran 
polystreptavidin can be immobiliZed on a porous carrier 
material, such as nitrocellulose, by altering the “curing” 
conditions compared to those typically used to immobiliZe 
antibodies, antigens, or other proteins that comprise standard 
capture reagents. The immobiliZed dextran-polystreptavidin 
substantially remains as a discrete band. 

[0010] Streptavidin moieties Within the immobiliZed dex 
tran-polystreptavidin conjugate bind speci?cally to biotin; 
thus a biotinylated component, such as a biotinylated bind 
ing partner to the analyte, is used. For example, biotinylated 
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antibodies speci?c for a target analyte can be utilized, or if 
the target analyte is itself an antibody, then a biotinylated 
antigen can be used. Likewise, hormones, receptors, and the 
like can serve as target analytes, and appropriate ligands that 
speci?cally bind to the hormones, receptors, or other target 
analyte are conjugated to biotin. In one embodiment, bioti 
nylated conjugates are dried or lyophiliZed in a separate area 
from other dried components, such as dried labeled conju 
gates, because separating the biotinylated conjugate in a 
separate site from the site containing a labeled conjugate 
appears to further improve the sensitivity of the device using 
deXtran-polystreptavidin as a capture component. In one 
embodiment, the biotinylated conjugate, such as a biotiny 
lated antibody or antibody fragment capable of speci?cally 
binding to a target analyte, is placed upstream of the labeled 
component, Which is, in turn, upstream from the test site(s). 

[0011] In one embodiment, a biotinylated antibody 
capable of speci?cally binding the target analyte is dried 
Within a piece of porous plastic, such as product #4588 from 
PoreX (Fairburn, Ga.). The labeled component, for eXample, 
another antibody capable of binding the target analyte con 
jugated to a detectable label, including but not limited to an 
enZyme or enZyme fragment, metal sol, lateX particle, ?uo 
rescent molecules or dye, is dried Within a glass ?ber pad, 
for eXample, glass ?ber #66078 from Gelman Sciences (Ann 
Arbor, Mich.), doWnstream from the biotinylated conjugate. 
Continuing doWnstream, the deXtran-polystreptavidin cap 
ture component, such as product #OA222 commercially 
available from DakoCytomation (Carpinteria, Calif.), is 
dried on a porous material, such as Millipore HiFloW Plus 
HF13502 or HF12002 (Millipore, Billerica, Mass.), 
although other porous chromatographic materials, such as 
those made from nitrocellulose, paper, or nylon may be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs an expanded perspective of one 
embodiment of a test strip for performing a lateral ?oW 
immunoassay comprising tWo separate porous carrier mate 
rials. 

[0013] FIG. 2 is an expanded perspective of another 
embodiment of a test strip for performing a lateral ?oW 
immunoassay comprising three separate components. 

[0014] FIG. 3 illustrates an eXpanded perspective of a 
composite test strip comprising ?ve components and a 
backing support material. 

[0015] FIG. 4 shoWs a housing containing tWo separate 
test strips for tWo different antigens. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs one embodiment of the invention in 
a lateral ?oW format. A ?rst porous material 10, such as 
nitrocellulose or other suitable porous substrate knoWn in 
the art, contains at least one test site 12 comprising immo 
biliZed deXtran-polystreptavidin, for eXample, product 
#OA222 commercially available from DakoCytomation 
(Carpinteria, Calif.). Upstream of the ?rst porous material 
10 is a second porous material 14 that serves as the sample 
application site 16 and as the conjugate site 18 containing 
dried biotinylated antibodies capable of speci?cally binding 
a target analyte and also containing antibodies conjugated to 
a detectable moiety (label) and capable of speci?cally bind 
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ing a target analyte. In one embodiment, the second porous 
material 14 overlaps the ?rst porous material 10 or otherWise 
forms contact that permits lateral How of the ?uid specimen 
from the ?rst porous material 10 into the second porous 
material 14. An optional control site 13 is located on the ?rst 
porous material 10 doWnstream of the test site(s) 12. The 
porous material may be beaded agarose, beaded polyacry 
lamide, porous glass, cellulose or other materials permeable 
to liquid and compatible With the assay components and test 
analyte. 
[0017] FIG. 2 shoWs another embodiment of the invention 
Wherein the sample application site 16 is contained in a third 
porous material serving as a receiving area 20 separate from 
the conjugate site 18. Such systems are knoWn in the art. In 
one embodiment, the material forming the receiving area 20 
overlaps the second porous material 14 containing the 
conjugate site 18 or otherWise forms contact that permits 
lateral How of the ?uid specimen. 

[0018] Yet another embodiment of the invention is shoWn 
in FIG. 3. The third porous material serving as the receiving 
area 20 further contains a dried biotinylated conjugate and is 
referred to as the biotinylated conjugate pad 22. The bioti 
nylated conjugate pad 22 is shoWn upstream of, and in ?uid 
contact With, a second porous material 14 containing the 
dried labeled conjugate, but the order may be reversed so 
that the biotinylated conjugate is doWnstream from the 
labeled conjugate. Further doWnstream from both conju 
gates, is the ?rst porous material 10 containing at least one 
test site 12 comprising immobiliZed deXtran-polystreptavi 
din conjugate. 

[0019] As further shoWn in FIG. 3, With certain types of 
specimens, additional ?ltering is bene?cial to reduce streak 
ing and other background problems that may interfere With 
interpretation of test results. Additional ?ltering is provided 
by including a blank piece 21 of porous material, such as a 
piece of glass ?ber, betWeen the biotinylated conjugate pad 
22 and the ?rst porous material 10 Which, in one embodi 
ment, is directly betWeen the biotinylated conjugate pad 22 
and the second porous material 14 containing the dried 
labeled conjugate. 

[0020] In one embodiment, the device also includes an 
absorbent pad 24 at the distal end of the ?rst porous material 
10 to function as a “sink” for the ?uid specimen and 
facilitate adequate capillary ?oW through the test device. 
The absorbent pad 24 is comprised of paper, such as D28 
from Whatman (Fair?eld, N.] or other suitable absorbent 
material such as cotton, cellulose and other materials as 
knoWn in the art. In one embodiment, all components are 
held in place via a backing support 26, such as vinyl With 
adhesive on one side, to maintain appropriate functional 
relationships and ensure proper performance. 

[0021] As a speci?c eXample of one embodiment, a lateral 
?oW test device for detecting in?uenZa A and in?uenZa B 
antigens is described in detail in the eXamples beloW. 

EXAMPLE 1 

Biotinylated Antibodies 

[0022] An antibody speci?c to in?uenZa A antigens, for 
eXample monoclonal antibody product #1G4 from Diagnos 
tic Products Corporation (DPC; Los Angeles Calif.) and an 
antibody speci?c to in?uenZa B antigens, such as mono 
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clonal antibody product #B35G (DakoCytomation, Carpin 
teria Calif.) and/or monoclonal antibody product 8F10E10 
(Argene Inc., North Massapequa NY), were separately 
coupled to biotin (for example, Sulfo-NHS-LC biotin, Pierce 
Biotechnology, Inc., Rockford Ill.) by methods knoWn in the 
art. In one embodiment, coupling Was done at a concentra 
tion of 2 mg of antibody per ml and the ?nal conjugated 
product Was diluted approximately 1:75 for use in making 
the test device. 

[0023] In one embodiment, biotinylated antibodies Were 
vacuum dried by methods knoWn in the art Within a piece of 
porous plastic, for example, Porex #4588, Which is cut into 
strips for the test device. HoWever, other porous material, 
such as glass ?ber, can be used. In one embodiment, the 
biotinylated antibodies Were dried into separate pieces of 
porous material. In another embodiment, the biotinylated 
antibodies for in?uenza A and for in?uenza B Were dried 
Within the same porous material. The dried antibodies must 
be capable of becoming rehydrated and soluble in the liquid 
specimen as it moves through the device. 

EXAMPLE 2 

Labeled Antibodies 

[0024] Antibodies speci?c for in?uenZa A antigens and 
antibodies speci?c for in?uenZa B antigens Were conjugated 
With detectable labeling moieties. Either distinguishable 
labels or the same label can be used to label each different 

antibody. Suitable labels include, but are not limited to, 
metal sols, latex particles, enZymes, ?uorescent molecules, 
and the like, as knoWn in the art. One label is carboxylate 
modi?ed latex particles (Seradyn, Indianapolis Ind.) avail 
able in various colors. Antibodies Were coupled to carboxy 
late-modi?ed latex particles using carbodiimide 
N-hydroxysuccinimide linkage, by standard procedures 
knoWn in the art. Separate monoclonal antibody products 
from those used to prepare biotinylated reagents can be used, 
if available, or the same antibody product can be used for 
biotin-conjugation and for conjugation With a labeling moi 
ety. 

[0025] The labeled antibodies Were vacuum dried by 
methods knoWn in the art Within a porous material, such as 
glass ?ber, and the porous material Was cut into sections for 
use in a test device. The labeled antibodies can be dried 
together or each can be dried in separate pieces of porous 
material. The labeled antibodies must be capable of being 
rehydrated and soluble in the liquid specimen as it moves 
through the device. 

EXAMPLE 3 

Test Strip With Test Site and Optional Control Site 

[0026] Dextran-polystreptavidin Was immobiliZed as a 
capture reagent at a test site on a porous material. In one 

embodiment, the porous material Was nitrocellulose, such as 
Millipore HiFloW Plus HF12002 or HF13502 (Millipore, 
Billerica Mass.). Dextran-polystreptavidin reagent Was 
mixed in phosphate buffed saline (PBS) supplemented With 
sucrose (approximately 2.5%) and EDTA (approximately 
0.33 mM), and deposited in one or more discrete bands or 
Zones on the porous material, and alloWed to dry or “cure” 
for about 10 to 15 hours,at 60° C. or about 7 to 14 days at 
room temperature. Although these time and temperature 
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conditions Were suf?cient to immobiliZe the dextran 
polystreptavidin conjugate on the porous material, they are 
exemplary and the invention is not limited to these speci?c 
conditions, but includes other conditions that result in 
immobiliZation 

[0027] Asimple method for checking the quality of immo 
biliZation Was to add a ?uorescent molecule, such as ?uo 
rescein, to the PBS striping solution containing the dextran 
polystreptavidin conjugate. After the striping process and 
curing period, a sample test strip Was Wetted at one end to 
permit an aqueous solution to ?oW laterally through the test 
site and the integrity of the striped band Was checked or 
monitored by observation under ultraviolet light to ensure 
the test band remained discrete. Such methods are knoWn 
and have become standard in the art. 

[0028] To serve as a control site, antibodies speci?c to 
mouse IgG, such as goat-anti-mouse or rabbit-anti-mouse 
antiserum, Were deposited at a discrete band or Zone on the 
porous material and alloWed to dry at 60° C. for about 45 
minutes to about one hour or at room temperature for about 
10-15 hours. 

EXAMPLE 4 

Assembling the Composite Strip 

[0029] As shoWn in FIG. 3, various components compris 
ing the composite strip Were anchored or secured on a 
backing support 26, such as an adhesive backing material, 
for example, White vinyl having a thickness of about 0.001 
inches to about 0.03 inches. Such material is available from 
numerous sources. The ?rst porous material 10 of the 
composite test strip, containing at least one test site 12, and 
optionally containing a control site 13, Was positioned 
doWnstream of a conjugate pad 14 containing the labeled 
conjugate. The labeled conjugate pad 14 must overlap or 
make contact With the test strip 10 such that ?uid possibly 
containing a target analyte moves laterally through the 
labeled conjugate pad 14 and through the test site 12. The 
use of an absorbent material 24 at the far doWnstream end of 
the ?rst porous material 10 facilitated Wicking or capillary 
?oW through the test site 12 and acted as a sink to contain 
the ?uid sample. Optionally, a blank ?lter 21 (free from 
immunoreactive reagents) Was placed betWeen the biotiny 
lated conjugate pad 22 and the second porous material 14 
containing the labeled conjugate to reduce streaking and 
other background problems that are associated With speci 
mens containing high levels of cellular components and 
debris. 

EXAMPLE 5 

[0030] Device for Detecting In?uenZa A and B Antigens 

[0031] FIG. 4 illustrates a single device to detect tWo or 
more different target analytes, such as in?uenZa antigens A 
and B, containing tWo separate composite test strips housed 
Within a single housing or cassette 28. Each test strip has a 
test site 12 comprising immobiliZed dextran-polystreptavi 
din and a control site 13 With immobiliZed anti-mouse IgG 
antibodies although other capture reagent suitable for con 
trol purposes may be used. It Will be appreciated that the tWo 
separate composite test strips may detect the same analytes. 

[0032] Each of the test devices Within the cassette 28 
comprised the composite carrier membrane shoWn in 
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expanded perspective in FIG. 3. In one embodiment, sepa 
rate biotinylated conjugate pads 22 Were used, upstream of 
the labeled conjugate pad 14, With one comprising dried 
biotinylated antibodies directed against in?uenzaAantigens, 
and the other comprising dried biotinylated antibodies to 
in?uenza B antigens. In one embodiment, a blank piece 21 
of glass ?ber or other ?ltering material Was placed directly 
betWeen each biotinylated conjugate pad 22 and adjacent 
labeled conjugate pad 14. 

EXAMPLE 6 

Using a Test Device to Detect In?uenza A and/or B Antigens 

[0033] Acceptable specimens for use With an in?uenza test 
device included nasal Washes, nasal sWabs, throat sWabs, 
sputum and the like. Samples could be tested immediately 
upon collection or, alternatively, samples could be stored in 
suitable transport and storage medium, for example M4® 
(Remel, Lenexa Kans.) at 2-8° C. for up to about 72 hours 
prior to testing. 

[0034] Freshly collected specimens could be tested imme 
diately Without the use of transport medium. Alternatively, 
specimens could be placed into a suitable transport medium, 
maintained at 2-8° C. and tested Within 72 hours after 
collection. Frozen specimens in a suitable liquid viral trans 
port medium stored at —20° C. or beloW in a non-defrosting 
freezer could be tested up to six months after collection. 
Multiple freeze-thaW cycles should be avoided. 

[0035] The folloWing transport media have been evaluated 
and found to be compatible: Amies Medium; Bartels Vital 
Transport Medium; Cary Blair Medium; Earle’s Minimum 
Essential Medium (EMEM); EMEM With 1% Bovine Serum 
Albumin; EMEM With 1% Lactalbumin hydrolysate; 
Hank’s Balanced Salt Solution; Liquid Stuarts Medium; 
M4TM; M4-RTTM; M5TM; Phosphate Buffered Saline (PBS); 
PBS With 0.5% Bovine Serum Albumin; PBS With 0.5% 
Gelatin; Saline (normal); Sucrose Phosphate; Tryptic Soy 
Broth With 0.5% Bovine Serum Albumin; Tryptic Soy Broth 
With 0.5% gelatin; Veal Infuision Broth; and Veal Infusion 
Broth With 0.5% Bovine Serum Albumin. 

[0036] Afoil pouch may contain one single-use test device 
With tWo membrane strips. In one embodiment, the strips in 
the device contain, respectively, antibodies to in?uenza Aor 
B. A specimen diluent may be included; the specimen 
diluent may be a buffered saline solution With detergent, a 
mucolytic agent, and preservative. In one embodiment, 
?exible plastic tubes for specimen preparation and dispos 
able transfer pipettes are included; the pipettes With marked 
gradations at approximately 0.1 ml increments. AFlu A+/B— 
control sWab, Which is a dry sWab containing inactivated 
in?uenza A antigen, and a Flu B+/A— control sWab, Which 
is a dry sWab containing inactivated in?uenza B antigen, 
may be included. 

[0037] The test device is removed from the foil pouch 
When the assay is to be performed. It is placed on a ?at 
surface. If the kit and/or components have been refrigerated, 
they are alloWed to equilibrate to room temperature. 

[0038] For sWab specimens Without dilution (sWab not 
submerged in a suf?cient volume of transport media to alloW 
processing of 0.1 ml) in transport media (including quality 
control sWabs provided With the kit), 25 drops (approxi 
mately 0.6 ml) of specimen diluent are dispensed into a 
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dilution tube. The sWab specimen is placed in the tube and 
the tube is mixed thoroughly or vortexed to release bound 
antigenic material from the sWab. The sWab is rotated ?rmly 
against the tube Walls then squeezed against the sides of the 
tube during removal. 

[0039] For all specimens except sWab specimens Without 
transport media, 5 drops (approximately 0.1 ml) of specimen 
diluent is dispensed into the dilution tube. The specimens are 
mixed Well and 0.1 ml (?rst molded graduated mark from 
the tip of transfer pipette) of liquid specimen (nasal Wash or 
specimens in transport medium) is transferred into a dilution 
tube. 

[0040] Using a transfer pipette, 0.2 ml (second graduated 
mark from tip of pipette) of specimen is dispensed into the 
center of the sample Well of the test device. Test results are 
visually read after 15 minutes or up to 30 minutes as Will be 
subsequently described. A strong positive result may be 
apparent sooner than 15 minutes. 

[0041] Specimens, if needed, are exposed to a suitable 
extraction solution. For example, an aqueous solution com 
prising about 3% bovine serum albumin, about 3% non 
ionic detergent, 0.1% casein, 0.1% N-acetyl-cysteine, 0.5 M 
sodium chloride, 25 mM monobasic sodium phosphate, 75 
mM dibasic sodium phosphate, 0.05% Proclin 300, adjusted 
to a pH of about 7.4, is an effective extraction solution. For 
fresh sWab specimens (not in a transport medium), the sWab 
is placed into approximately 0.6 ml of extraction solution in 
a ?exible plastic tube. The specimen is mixed, preferably via 
vortexing, to release bound potentially antigenic material, 
and the sWab is squeezed by compressing the Walls of the 
?exible tube While removing the sWab. For liquid speci 
mens, including nasal Washes or transport media exposed to 
sWab specimens, about 0.1 ml of extraction solution is 
mixed With about 0.1 ml of specimen. 

[0042] About 0.20 to 0.25 ml of the extract is transferred 
to the sample application area of the test device. The liquid 
specimen moves laterally via Wicking or capillarity through 
the device, rehydrating the dried biotinylated conjugates and 
the dried labeled conjugates. If the target analyte is present, 
it becomes sandWiched betWeen the biotin-conjugate and the 
labeled conjugate. The streptavidin moieties of the dextran 
polystreptavidin capture component bind the biotinylated 
conjugate regardless of Whether the biotinylated conjugate is 
also bound to target analyte. HoWever, if complexes of the 
biotinylated antibodies, target analyte and, hence, the 
labeled conjugate have formed, the labeled conjugate Will 
form a detectable region at the capture site as the biotiny 
lated conjugate is captured by immobilized streptavidin 
moieties. Optionally, excess unbound labeled conjugate is 
captured at a control site doWnstream of the test site(s). 

[0043] Test results are interpreted as folloWs. The test 
device has tWo separate read WindoWs; the one on the left for 
Flu A and the one on the right for Flu B as depicted in FIG. 
4. A positive test, indicating that antigen is present in the 
specimen, is indicated by tWo black-colored bands; one in 
the test (T) region and one in the control (C) region. A 
negative test, indicating that antigen Was not detected, is 
indicated by only one black-colored band in the control (C) 
region. An invalid test results in no black-colored band in the 
control (C) region. Acomplete, black, clearly visible test line 
of any intensity should be interpreted as positive. Invalid 
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results due to excessively mucoid specimens may be 
repeated using twice the normal volume of specimen diluent 
during the dilution step. 

[0044] Results may be reported as folloWs: positive for 
in?uenza A and/or in?uenza B antigen; negative for in?u 
enza A and/or in?uenza B antigen; or infection due to 
in?uenza A or B cannot be ruled out since the antigen 
present in the specimen may be beloW the detection limit of 
the test. Specimens in Which a negative result Was obtained 
should be cultured for con?rmation. 

[0045] For internal quality control, a procedural control 
may be included in the test. Acolored band appearing on the 
control band (C) region is considered an internal positive 
procedural control, indicating proper performance and reac 
tive reagents. A clear background in the results area is 
considered an internal negative control. If the test has been 
performed correctly and reagents are Working properly, the 
background Will clear to give a discernible result. 

[0046] For external quality control, positive and negative 
controls should be assayed With each neW test kit lot number, 
folloWing state and local requirements. 

[0047] Quality control sWabs that are Flu A+/B— and Flu 
A—/B+ are provided With the kit. They should be processed 
in accordance With the procedure for sWab specimens With 
out transport media. If controls do not perform as expected, 
patient results should not be reported. 

[0048] Both viable and nonviable in?uenza A and B 
viruses Were detectable With the XpectTM Flu A&B test. Due 
to loW levels of virus shedding, inadequate specimen col 
lection, or improper handling or transport, a negative test 
result does not rule out the presence of in?uenza virus. 
Consequently, the results from the XpectTM Flu A&B test 
should be used in conjunction With other clinical ?ndings to 
establish a diagnosis. A positive test does not rule out the 
possibility of co-infection With another pathogen. 

[0049] In the United States, in?uenza is most prevalent 
during the Winter months. During peak periods, up to 30% 
of specimens tested may be culture positive for in?uenza. 
The proportion of in?uenza Apositive specimens compared 
to in?uenza B can vary dramatically from year to year, 
ranging from about 50% to 99%. 

[0050] The performance of the XpectTM Flu A&B test Was 
evaluated at three sites located in the north, south and east 
regions of the United States. The clinical trial sites included 
a children’s hospital (pediatric population), a university 
hospital (primarily adult population), and a reference labo 
ratory (adult and pediatric (60/40) population). For all 
specimens evaluated, the overall sensitivity of the XpectTM 
Flu A&B test When compared to culture Was 92.2% (71/77) 
for in?uenza A and 97.8% (45/46) for in?uenza B. The 
overall speci?city Was 100% for both in?uenza A (314/314) 
and in?uenza B (345/345). For in?uenza A, there Were six 
samples that Were culture positive and XpectTM Flu A&B 
negative. For in?uenza B, there Was one sample that Was 
culture positive and XpectTM Flu A&B negative. Four of ?ve 
discrepant samples available for analysis Were positive by 
reverse transcription PCR (RT-PCR). 

Nasal Wash (n=239) 
In?uenza A 

[0051] 92.5% Sensitivity (37/40); 95% CI=79.6-98.4% 
[0052] 100% Speci?city (199/199); 95% CI=98.2-100% 
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In?uenza B 

[0053] 100% Sensitivity (36/36); 95% CI=90.3-100% 

[0054] 100% Speci?city (203/203); 95% CI=98.2-100% 

Culture Results 

*RT-PCR Was performed on the three discrepant results. One of the three 
specimens Was negative by PCR, tWo Were positive. 

[0055] Test performance by individual site: 

Sensitivity Speci?city 

Site # % 95% CI # % 95% CI 

FLU A 

1 0/0 NA NA 1/1 100 NA 

2 3/5 60.0 14.7-94.7 69/69 100 948-100 

3 34/35 97.1 85.1-99.9 129/129 100 97.2-100 

FLU B 

1 0/0 NA NA 1/1 100 NA 

2 0/0 NA NA 74/74 100 95.1-100 

3 36/36 100 903-100 128/128 100 97.2-100 

Throat SWab (n=30) 

In?uenza A 

[0056] 100% Sensitivity (10/10); 95% CI=69.2-100% 

[0057] 100% Speci?city (20/20); 95% CI=83.2-100% 

In?uenza B 

[0058] 100% Sensitivity (4/4); 95% CK=39.8-100% 

[0059] 100% Speci?city (26/26); 95% CI=86.8-100% 

Culture Results 
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[0060] Test performance by individual site: 

Sensitivity Speci?city 

Site # % 95% CI # % 95% CI 

FLU A 

1 10/10 100 69.2-100 18/18 100 81.5-100 
2 0/0 NA NA 2/2 100 158-100 
3 NA NA NA NA NA NA 

FLU B 

1 4/4 100 398-100 24/24 100 858-100 
2 0/0 NA NA 2/2 100 158-100 
3 NA NA NA NA NA NA 

Nasal Swab (n=122) 

In?uenza A 

[0061] 88.9% Sensitivity (24/27); 95% CI=70.8-97.7% 

[0062] 100% Speci?city (95/95); 95% CI=96.2-100% 

In?uenza B 

[0063] 83.3% Sensitivity (5/6); 95% CI=35.9-99.6% 

[0064] 100% Speci?city (116/116); 95% CI=96.9-100% 

Culture Results 

*RT-PCR Was performed on tWo of the four discrepant specimens that 
Were available (one in?uenza A and one in?uenza B). Both specimens 
Were positive by PCR. 

[0065] Test performance by individual site: 

Activity Speci?city 

Site # % 95% CI # % 95% CI 

FLU A 

1 24/27 88.9 70.8-97.7 91/91 100 96.0-100 
2 0/0 NA NA 4/4 100 398-100 
3 NA NA NA NA NA NA 

FLU B 

1 5/6 83.3 35.9-99.6 112/112 100 96.8-100 
2 0/0 NA NA 4/4 100 398-100 
3 NA NA NA NA NA NA 

[0066] The analytical sensitivity Was evaluated using 
tWelve in?uenza strains; siX in?uenza A and siX in?uenza B. 
Each viral strain Was quantitated by CEID5O determinations 
and titrated until a positive endpoint Was reached using the 
XpectTM Flu A&B test. The amount of virus at the endpoint 
dilution, expressed as CEID5O per test, Was calculated as a 
measure of analytical sensitivity. 

Mar. 2, 2006 

Detection Limit 
In?uenza Strain Type CEID50 

A/Puerto Rico/8/34 (H1N1) A 8.9 X 103 
A/Fort Monmouth/1/47 (H1N1) A 7.9 X 101 
A/NeW Jersey/8/76 (H1N1) A 8.9 X 101 
A/Hong Kong/8/68 (H3N2) A 2.8 X 101 
A/Victoria/3/75 (H3N2) A 8.9 X 102 
A/Port Chalmers/1/73 (H3N2) A 4.0 X 101 
B/Lee/40 B 7.9 X 103 
B/Allen/45 B 4 
B/Maryland/1/59 B 6 
B/GL/1739/54 B 8.9 X 101 
B/I‘aiWan/2/62 B 3 
B/Hong Kong/5/72 B 1.58 X 102 

[0067] Thirty-six microorganisms Were evaluated With the 
XpectTM Flu A&B test. No cross-reactivity Was observed for 
in?uenza A or in?uenza B. Bacteria and yeast isolates Were 
tested at 108 colony-forming units per ml concentration. 
Viral isolates Were tested at concentrations of 104 to 105 
TCID5 (tissue culture infectious dose) per ml concentration. 
The folloWing organisms Were tested in the XpectTM Flu 
A&B test. Acinetobacter baumannii, Bordetella pertussis, 
Candida albicans, Enterococcus faecalis, Escherichia coli, 
Gardnerella vaginalis, Haemophilus in?uenzae, Klebsiella 
pneumoniae, Lactobacillus casei, Legionella pneumophila, 
Listeria monocytogenes, Moraxella catarrhalis, Neisseria 
gonorrhoeae, Neisseria meningitidis, Neisseria sicca, Neis 
seria sub?ava, Proteus vulgaris, Pseudomonas aeruginosa, 
Serralia marcescens, Staphylococcus aureus (CoWan), Sta 
phylococcus epidermia'is, Streptococcus mutans, Streptococ 
cus pneumoniae, Streptococcus pyogenes Group A, Strep 
tococcus Group B, Streptococcus Group C, Streptococcus 
Group F, Adenovirus Type 5, Coronavirus, CoXsackievirus 
B5, Cytomegalovirus, Parain?uenza (Sendal) Type 1, 
Parain?uenza Type 2, Parain?uenza Type 3, Respiratory 
Syncytial Virus A, Rhinovirus Type 14. 

[0068] The folloWing substances Were tested With the 
XpectTM Flu A&B test and no interference Was observed in 
the assay for any substance tested at the indicated levels: 
Whole blood (2%), three mouthWashes (25%), three throat 
drops (25%), three nasal sprays (25%), 4-acetomidophenol 
(acetaminophen) (10 mg/ml), acetylsalicylic acid (20 
mg/ml), chlorpheniramine (5 mg/ml), deXtromethorphan (10 
mg/ml), diphenhydramine (5 mg/ml), guaiacol glyceryl 
ether (guaifenesin) (20 mg/ml), oXymetazoline (10 mg/ml), 
phenylephrine (25 mg/ml), phenylpropanolamine (20 
mg/ml). 
[0069] Reproducibility testing Was conducted at four sites, 
including one in-house site, on four separate days With siX 
blinded samples. The liquid samples consisted of diluted 
in?uenza A and in?uenza B antigens intended to read 
Weakly positive or negative With the XpectTM Flu A&B test. 
Ninety-nine percent of the 96 samples tested produced the 
eXpected result. 

EXAMPLE 7 

[0070] Cazacu et al. (J. Clinical Microbiology, 42:3661 
3664, 2004) report results of speci?city and sensitivity 
testing of one embodiment of the invention directed to the 
detection of in?uenza A and B antigens as compared to 
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results obtained from viral culture. Overall, the observed 
speci?city Was 100% for in?uenza A and B antigens in all 
specimen types tested, While sensitivity Was 100% in throat 
sWabs, 96.1% in nasal Washes and 87.9% in nasopharyngeal 
sWabs. 

[0071] The test results obtained With the rapid lateral-?oW 
chromatographic membrane immunoassay (XpectTM Flu 
A&B, Remel Inc., Lenexa Kans.) Were compared to those 
With the reference standard of viral culture in 400 respiratory 
specimens collected from children and adults Who presented 
betWeen January and April 2003 With respiratory or ?u-like 
symptoms to one of three hospitals in three geographically 
distinct areas: Texas Children’s Hospital, Houston, Tex. 
(n=166), University of South Florida Af?liated Hospitals 
and DSI Reference Laboratory, Fort Myers, Fla. (n=151), 
and SUNY Upstate Medical University Af?liated Hospitals, 
NeW York, NY. (n=83). Most (239 of 400, or 59.75%) 
specimens Were nasal Washes, 122 of 400 (30.5%) Were 
nasopharyngeal sWabs, 30 of 400 (7.5%) Were throat sWabs, 
4 of 400 (1%) Were tracheal aspirates, 3 of 400 (0.75%) Were 
sputum, and 2 of 400 (0.5%) Were obtained by bronchoal 
veolar lavage. Both fresh samples and samples cryopre 
served for less than three months Were analyzed at each 
institution. 

[0072] Virology technicians or technologists at all centers 
received instruction on the test procedures and Were required 
to pass (>90%) a blinded pro?ciency test on six coded 
samples, administered daily for four days, prior to starting 
testing on clinical samples included in this study. Rapid tests 
Were performed according to the manufacturer’s instructions 
during Weekday, day shift hours. Brie?y, the test detected 
in?uenza virus antigen in a test device that contained a 
sample Well in Wicking communication to reading Wells that 
contained separate membrane strips for in?uenza A and 
in?uenza B viruses (FIG. 4). Each sample Was mixed With 
a specimen diluent that contained buffered saline, detergent, 
a mucolytic agent, and preservative. Then, 0.20 ml Was 
transferred by pipette into the middle of the test Well of the 
device. A positive test Was indicated by tWo black bands in 
the reading Well, one in the test (T) region and one in the 
control (C) region. Anegative test Was indicated by only one 
black band in the C region. The absence of any black bands 
in the T or C regions represented an invalid test. Test 
readings Were performed and recorded after 15 and 30 min 
incubation. Quality control procedures Were performed and 
recorded for each test run or 24-h period and included both 
FluA+/FluB— and FluA—/FluB+ controls provided by the 
test kit, as Well as in-house positive and negative controls for 
each virus. All specimens Were also inoculated that same day 
into cell culture monolayers of human foreskin ?broblast, 
human lung carcinoma (A549), human epithelial (HEp2), 
and rhesus monkey kidney (RhMK) cells and examined 
daily for cytopathic effect using light microscopy. Hemad 
sorption With a 0.4% suspension of guinea pig red blood 
cells Was performed on days 2, 5, and 14 of incubation of 
RhMK cell cultures. Virus identi?cation Was con?rmed by 
an immuno?uorescence assay With type-speci?c antibodies. 
At one institution (Texas Children’s Hospital), all picornavi 
ruses Were discriminated by acid lability testing to distin 
guish betWeen rhinoviruses and enteroviruses. Samples With 
discrepant results betWeen viral culture and the rapid in?u 
enza virus test Were cryopreserved and analyzed by RT-PCR 
using primers able to detect and differentiate in?uenza A and 
B viruses. 
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[0073] Viral cultures positive for in?uenza virus, type Aor 
B, Were considered true positives. Sensitivity, speci?city, 
and positive and negative predictive values Were calculated 
using tWo-by-tWo contingency tables. Differences betWeen 
tests Were analyzed using Fisher’s exact test. Because rapid 
testing for in?uenza virus may be performed to screen 
persons during a pandemic or other event affecting large 
numbers of people, con?dence intervals (CI) for proportions 
Were calculated, to estimate With 95% con?dence, the inter 
vals that contain the sensitivity, speci?city, and predictive 
values for the general population, estimated in this analysis 
to be 1,000,000. Using the con?dence intervals, results from 
the sample size of 400 Were generalized to a large popula 
tion, and the estimation predicted the interval that contained 
the rapid assay’s performance. 

[0074] The importance of this test performance is relevant 
in vieW of concerns about global pandemics of in?uenza, 
severe acute respiratory syndrome-associated coronavirus, 
and the possibility of a biological Warfare event, indicating 
a need to screen large numbers of persons With febrile 
respiratory illness of undetermined etiology. 

[0075] Of 400 specimens, 207 (51.75%) had a negative 
viral culture and 193 (48.25%) greW at least one virus, as 
shoWn in Table 1. 

TABLE 1 

Viruses isolated from respiratory samples collected 
from three participating centers during the 2003 in?uenza season 

No. (%) of each 
Virus isolated virus isolated 

In?uenza A virus 79 (40.1) 
In?uenza B virus 46 (23.4) 
Respiratory Syncytial Virus 25 (12.7) 
Parain?uenza virus 12 (6.1) 
Adenovirus 8 (4.1) 
Picornavirus 7 (3.6) 
Rhinovirus 7 (3.6) 
Enterovirus 4 (2.0) 
Cytomegalovirus 7 (3.6) 
Herpes Simplex Virus 2 (1.0) 

Total no. of viruses isolated 197* 

*Four samples had dual viral infections, as described in the text. 

Dual viral infections Were detected in four specimens (one 
With in?uenza Avirus and adenovirus, one With in?uenza A 
virus and respiratory syncytial virus, one With in?uenza B 
virus and cytomegalovirus, and one With picornavirus and 
adenovirus), to give a total of 197 viruses isolated during the 
study period. The mean duration that elapsed until viral 
cultures Were detected as positive Was 4.43:2.87 days, and 
87.6% of cultures Were positive With seven days. 

[0076] The overall sensitivity of the rapid test to detect 
both types of in?uenza virus Was slightly higher (95.2% 
versus 94.4%) at the 30-min reading than the 15-min read 
ing, but speci?city and predictive values Were essentially the 
same at both readings. No signi?cant differences Were 
observed in the ability of the test to detect in?uenza A or B 
virus, and the results Were generalized With 95% con?dence 
to a population of at least 1,000,000, as shoWn in Table 2. 
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TABLE 2 
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Performance of the lateral-?ow chromatographic membrane immunoassay (RA), at 15- and 30-min readings, compared to that of viral 
culture (CX) for detection of in?uenza A and B virusesa 

RA+ and RA+ and RA- and RA- and 
RA CX+ CX- CX+ CX- Sensitivity(CI) Speci?city CI) PVP (CI) PVN (CI) 

At 15 min 

Both A and B 118 O 7 275 94.4 (92.1-96.6) 100 (98.8-100) 100 (98.8-100) 97.5 (95.9-99) 
A only 73 O 6 321 92.4 (89.8-95) 100 (98.8-100) 100 (98.8-100) 98.2 (96.8-99.5) 
B only 45 O 1 354 97.8 (96.4-99.2) 100 (98.8-100) 100 (98.8-100) 99.7 (98.7-100) 
At 30 min 

Both A and B 119 O 6 275 95.2 (93.1-97.3) 100 (98.8-100) 100 (98.8-100) 97.9 (964-993) 
A only 74 O 5 321 93.7 (91.2-96.1) 100 (98.8-100) 100 (98.8-100) 98.5 (97.2-99.7) 
B only 45 O 1 354 97.8 (96.4-99.2) 100 (98.8-100) 100 (98.8-100) 99.7 (98.7-100) 

“CI, 95% con?dence interval results generalized to population of 1 million; 
PVP, predictive value positive; 
PVN, predictive value negative; 
A, in?uenza type A virus; 
B, in?uenza type B virus. 

No signi?cant differences were found when performance 
statistics were analyzed by center site. 

[0077] No false-positive tests were observed at either the 
15- or 30-min incubation time for the rapid test. There were 
seven false-negative results at 15 min, and six false-negative 
results at the 30-min incubation time. Only nasal washes 
(three) and nasopharyngeal swabs (three) had false-negative 
results. Overall, the speci?city of the rapid assay was 100% 
for all specimen types. Sensitivity was 100% in throat 
swabs, 96.1% in nasal washes, and 87.9% in nasopharyngeal 
swabs. 

[0078] False-negative results were detected at all three 
centers, and testing by RT-PCR of the ?ve specimens with 
apparent discrepant results con?rmed four of the false 
negative test results, as shown in Table 3. 

Spec- RAd at: 

imen Spec- In?uenza Days to 15 30 
no. Sitea imenb virus type CX+C min min RT-PCR 

16 DSI NP A 3 — — A+ 

41 DSI NP A 3 — Weak + NT8 

77 DSI NP A 2 _ _ NTf 

163 UMU NW A 3 — — A+ 

171 UMU NW Ag 3 — — A-/B-g 

361 TCH NW A 5 — — A+ 

118 DSI NP B 3 — — B+ 

aDSI, DSI Laboratories; UMU, Upstate Medical University; TCH, Texas 
Children’s Hospital. 
bNP Nasopharyngeal swab; NW, nasal wash. 
CCX, culture in RhMK cell monolayer. 
dRA, rapid assay. 
eNT, not tested, RT-PCR was not performed on this specimen because the 
lateral-?ow assay was positive at 30 min. 
fNot tested, RT-PCR was not performed because the quantity of specimen 
available was insu?icient. 
gRepeat RA was also negative. Respiratory syncytial virus was also 
detected on day 4 in Hep-2 monolayer cell culture. The possibility of a 
cross-contamination of cell tubes, causing a false-positive cell culture 
result for in?uenza A virus, cannot be excluded as a possible cause of dis 
crepant results with sample 171. 

[0079] The immunoassay was both highly sensitive and 
speci?c in detecting and differentiating in?uenza A and B 

viruses in respiratory specimens collected from patients in 
three different geographic locations during a recent in?uenza 
season in the United States. The results were favorable when 
statistically generalized to a larger population, making the 
assay useful for screening large numbers of individuals. 
Many previous studies on the performance of rapid assays 
for detecting in?uenza virus were limited because they were 
conducted at a single center or during an in?uenza season 
where only type A predominated. In addition, in the few 
studies in which in?uenza B virus circulated, signi?cant 
rates of false-negative tests have been observed. Dual infec 
tions with one type of in?uenza virus and another virus were 
observed in this study, providing a reminder that a positive 
rapid test for in?uenza A or B virus does not eliminate the 
possibility that the patient may be coinfected with another 
virus that may be contributing to their symptoms. 

[0080] The current availability of at least seven different 
test kits for the rapid detection of in?uenza virus in clinical 
samples not only enhances individual patient care, but also 
may help control the spread of in?uenza if infected indi 
viduals are accurately diagnosed and treated promptly and if 
outbreaks are identi?ed early and controlled by timely 
immunization practices. However, healthcare workers car 
ing directly for patients, as well as laboratory directors and 
public health of?cials, should be aware of the performance 
characteristics, availability, cost, and reimbursement issues 
associated with each rapid test and choose the best one for 
their speci?c needs and, once implemented, monitor the 
performance of the test in their particular setting. 

[0081] In addition to the above examples, other target 
analytes, including antigens indicative of infectious disease, 
hormones, antibodies, receptors, and the like, present suit 
able analytes for detection using dextran-polystreptavidin 
conjugates as capture reagents in conjunction with appro 
priate biotinylated and labeled conjugates to detect target 
analytes with suitable speci?city and sensitivity. 

[0082] All cited publications or references are expressly 
incorporated by reference herein in their entirety. 

[0083] Other variations or embodiments of the invention 
will also be apparent to one skilled in the art from the above 
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description, ?gures, and examples. Thus, the foregoing 
embodiments are not to be construed as limiting the scope of 
the invention. 

What is claimed is: 
1. An immunoassay method comprising use of a deXtran 

polystreptavidin conjugate immobilized at a discrete site on 
a porous carrier material, the deXtran-polystreptavidin con 
jugate deposited at the discrete site and then incubated under 
conditions suf?cient to immobilize the deXtran-polystrepta 
vidin conjugate at the discrete site. 

2. The method of claim 1 Wherein immobilization occurs 
in the absence of a vacuum. 

3. The method of claim 1 Wherein immobilization occurs 
in the absence of lateX particles. 

4. The method of claim 1 Wherein incubation is for about 
10 h to about 15 h at about 60° C., or for about 7 days to 
about 14 days at about 20° C. 

5. The method of claim 1 used in a lateral ?oW immu 
noassay. 

6. An immunoassay ampli?cation system comprising 

a porous carrier containing a deXtran-polystreptavidin 
conjugate immobilized at a test site for a target analyte, 
the target analyte comprising a target antigen or a target 
antibody, 

at least one biotinylated antibody or antigen, or fragment 
thereof, for a respective target antigen or antibody, 

at least one labeled antibody or antigen, or fragment 
thereof, for the respective target antigen or antibody, 

the polystreptavidin-deXtran conjugate capturing the 
biotinylated antibody, antigen, or fragment thereof at 
the test site, the biotinylated antibody, antigen, or 
fragment thereof forming a sandWich at the test site 
With target analyte, if present, and the labeled antibody, 
antigen, or fragment thereof. 

7. The system of claim 6 Wherein the target analyte is at 
least one of in?uenza A antigen or in?uenza B antigen. 

8. The system of claim 6 Wherein the target analyte is at 
least one of an infectious disease antigen, an antibody, a 
hormone, or a receptor. 
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9. Asolid phase immunoassay ampli?cation method com 
prising deXtran-polystreptavidin deposited at a test site on a 
porous carrier under conditions suf?cient to immobilize the 
deXtran-polystreptavidin at the test site and thus amplify the 
amount of a target analyte bound to a labeled antibody at the 
test site in a sandWich immunoassay. 

10. The method of claim 9 Wherein the method sand 
Wiches the target antigen at the test site With a biotinylated 
antibody bound to the polystreptavidin at the test site and a 
labeled antibody to the target antigen. 

11. The method of claim 9 Wherein the biotinylated and 
labeled antibodies are the same or different. 

12. The method of claim 9 Wherein the label is at least one 
of an enzyme, an enzyme fragment, a metal sol, a lateX 
particle, a ?uorescent molecule, or a dye. 

13. The method of claim 9 Wherein the biotinylated 
antibody is provided at a discrete unoccupied site on the 
porous carrier. 

14. The method of claim 9 Wherein the biotinylated 
antibody is provided on a discrete porous carrier. 

15. A solid phase immunoassay comprising 

a ?rst porous carrier comprising a deXtran-polystreptavi 
din conjugate immobilized at a test site, 

a second porous carrier upstream of and in Wicking ?oW 
With the ?rst porous carrier, the second porous carrier 
comprising a sample receiving area and a conjugate 
site, the conjugate site comprising a mobilizable bioti 
nylated antibody, and 

a labeled antibody, the antibodies directed against a target 
antigen. 

16. The immunoassay of claim 15 further comprising a 
backing layer. 

17. The immunoassay of claim 15 further comprising an 
absorbent pad doWnstream of said test site and optional 
control site. 

18. The immunoassay of claim 15 in a single housing. 


