WO 2006/ 099191 PCT/ US2006/ 008688 | DUAL PATH | MMUNCASSAY DEVI CE BACKGROUND
OF THE INVENTION 1. Field of the Invention [0001] This invention rel ates
broadly to i mmunoassay devi ces and the nmethods for their use. Mre
particularly, this invention relates to chromatographic rapid test strips
for detecti wo2006/09191i gand in a body fluid. 2. State of PO®USIN6/(BZHE2] Many
types of l|igand-receptor assays have been used to detect the presence of

vari ous substances, often generally called |igands, in body fluids such as

bl ood, urine, or saliva. These assays involve antigen antibody reactions,
synt hetic conjugates conprising radioactive, enzymatic, fluorescent, or
visual | y observabl e pol ystyrene or netal sol tags, and specially designed

reactor chanbers. In all these assays, there is a receptor, e.g., an
antibody, which is specific PBAL BYREMNQABSAXBEYICRNt i gen, and a neans
for detecting the presence, and in sonme cases the anount, of the

| i gand-receptor react i ONBRCRAHEOUNDATE THESINVEATEIOKeS| gned to ke a

guantitative determ nation, but In many circunstances all that is required
is a positivelnegative qualitative indication. Exanples of such qualitative
assays i ncl udelpFigldef thedgvepionnpst types of urinalysis, pregnancy tests, and
AlIDS tests. For these tests, a visually observable indicator such as the

presence ¢ho@gal UidiRAlLMdnElaRs BRLAY 15 HRRGRabsy BEREG 8 the mbHORILy tlﬁl\!i?n the

qualitative assays nust be very senSitive because of the often sma
concent r atus&rMote patfisularlyathis ioyvention eslaes toichromtatographic mbiditest striph fus defeetioni ves

can al so I Oub .particularly with agglutination and other rapid
detecti on%?}%élﬁ%gléhgz’gg?ggmdi pstick and col or change tests. Because of these

probl ens, so-called "sandw ch" assays and other sensitive detection
mechani sns whi 2iStasefthet&it sol s or other types of colored particles have
been devel oped. [0004] In a "sandw ch" assay, a target analyte such as an

i i $an dwi,ched"  bet. | abel i bod i bod
oo 1 0GR M e S R oSS Rk O 150 S ADMRE
presence amideisulssbandes, ofién fanernlly 2alldddizandsainedodd fafdsisheloas Bleupliive, od N a

"conpetitiqnp" immunoassay, antjbody_bound to a solid surface is contacted
with a safpive Tissomsersooeelee aqtigen antihody reaeinssgynthetic conjugates comprising

radioactive, enzymatic, fluorescent, or visually observable polystyrene or metal sol tags, and
specially designed reactor chambers, In all these assays, there is a receptor, e.g., an antibody,
which is specific for the selected ligand or antigen, and a means for detecting the presence, and
in some cases the amount, of the ligand-receptor reaction product. Some tests are designed to
make a quantitative determination, but in many circumstances all that is required is a
positive/negative qualitative indication. Examples of such qualitative assays include blood
typing, most types of urinalysis, pregnancy tests, and AIDS tests. For these tests, a visually

observable indicator such as the presence of agglutination or a color change is preferred.

[0003] Even the qualitative assays must be very sensitive because of the often small
concentration of the ligand of interest in the test fluid. False positives can also be troublesome,
particularly with agglutination and other rapid detection methods such as dipstick and color
change tests. Because of these problems, so-called “sandwich” assays and other sensitive
detection mechanisms which use metal sols or other types of colored particles have been

developed.

{0004] In a "sandwich" assay, a target analyte such as an antigen is "sandwiched" between
a labeled antibody and an antibody immobilized onto a solid support. The assay is read by
observing the presence and/or amount of bound antigen-labeled antibody complex. Ina

“competition” immunoassay, antibody bound to a solid surface is contacted with a sample



2 containing an unknown quantity of antigen analyte and with | abeled antigen
of the sane type. The anount of |abel ed antigen bound on the solid surface
s then determined to provide an indirect measure of the anDunt of antigen
analyte in the sa 0005] Because these and ot her assays can detect both
ant i bodi es ‘ﬁﬂdoo&ﬁgﬁ%ns they are generally referred to" $2R45(8%Eheni cal

| i gand-receptor assays or sinply innunaassays [ 0006] Sol id phase

i mmunoassay devi ces, whet her of the sandwi ch or conpetition type, provide
sensitive detection of an analyte in a biological fluid sanple such as

bl ood, urine, or saliva. Solid phase innunoassay devi ces incorporate a

solid supp ort to which one r of nd recept or. pai usually an
ant i body, uﬂlgn%qlgﬁngwlogaﬁ%&ml& %A% fﬁaf f‘ﬁ%‘ ‘grth © 2gieitype:
supports whé ﬁn@hﬁbﬁﬁtbel&&lbﬁiigen%bmh?@ﬂﬁe %hd&ﬁfﬁéél!ﬂ%ﬂ@ei&hhﬁx@d‘t@ﬁhﬁvﬂi@hﬂ known

fromthe fjelds of radi oi munoassay and enzyne immunoassay n the | ast
decade, aindifa¥aneagire ghihg gmouniafeptigingnalyterin te sagplen, nitrocel | ul ose,
cellul ose acetate, glass fibers, and other porous polyners have been
enpl oyed proosp! | @eéét@@&fe&éand[%ﬂsaﬁ E&H’Hét%[:t Wth Sftldodfe® aﬁ@axﬁrg@ng iy BRassay
kits using porous materials as solid phase carriers of | mminochem cal
conponent genstally referredhtol agdmounpehsmiend llgmd-raaﬁptom esfaysorravplyimanogseaysr i bed.
These kits are usually dipstick, flowthrough, or mgratory in design.

0008] In gg] t
or ognancy [IOR81 "o ST HER b ey acloRE Whhor Ay S B o Bmp Aol rBLh as
ant i bodi eproaide stmsitivd detectiorsefl ancinalyteds e b1onspcahﬁaalysamplﬂ sueh asbloat, ppied'or f or
Enzyme: | AUV ECOL PBBE BN S AR oDt O SRS g et g oy
i hcubat | OlgA@Lrb&dtor phie, &ﬁMl)ﬁ& dn%ibbdig Entl/g%ﬁ he dapme 1$ B@Lﬁﬁt €6mirioh Rardy HAAOHT

solution containing a substrate for the enzyne. The enz éme | abel , if

present, SHASERROMS Were nlateﬁetub@uw&epém pOIyatugemﬁ gvmqbewerrs tkngym &omcht or ed
product s ﬁﬁpg?%rﬁ&wﬁf%:?&g%g'ahd e%n?rﬁfngés%éy ?% fﬁ@g ¢ dddafle, %%g%sf&}%f‘oug”

produce a Vv nge he su |on
FI ow- t hr omgteritly gechi asmulwasmayellm@samﬁulwaeetdesglgudibers; anbothatperddse need for

ext ensive_i,ncubat i e vvashl ng steps associated with dipstick
assays. \@?IWF%%@YC% §P°mpf9ygg 73%1‘)?%% Oor§: 632,901, disclose a device
conprising antibody (specific to a target antigen analyte) bound to a
porous nefd@0ahe @rmimbet of selbconktdingd itntrundaie lits|usitgipdroud mpiteialsss sblitepHateui d

fl ows through the menbyange, tar et anal yte binds to the anti.bod The
addi ti on ?ﬂm%réﬁgar@nﬁl%ocﬁﬁrmcﬂoqm BIPtaaN Sk 65 BRBEHS: PaRSEedr BP%%RP e9%%8 vi sual
det ect i ongQEriteaDEhRE kAN REATyRE YL SR wAfrough, or migratory in design.

[0008] In the more common forms of dipstick assays, as typified by home pregnancy and
ovulation detection kits, immunochemical components such as antibodies are bound to a solid
( phase. The assay device is "dipped"” for incubation into a sample suspected of containing
unknown antigen analyte. Enzyme-labeled antibody is then added, either simultaneously or
after an incubation period. The device is then washed and inserted into a second solution
containing a substrate for the enzyme. The enzyme-label, if present, interacts with the
substrate, causing the formation of colored products which either deposit as a precipitate onto

the solid phase or produce a visible color change in the substrate solution.

[0009] Flow-through type immunoassay devices were designed to obviate the need for
extensive incubation and cumbersome washing steps associated with dipstick assays. Valkirs et
al., U.S. Pat. No. 4,632,901, disclose a device comprising antibody (specific to a target antigen
analyte) bound to a porous membrane or filier to which is added a liquid sample. As the liquid
flows through the membrane, target analyte binds to the antibody. The addition of sample is
followed by addition of labeled antibody. The visual detection of labeled antibody provides an



WD 2006/ 099191 PCT/ US20061008688 3 indication of the presence of target
antigen analyte in the sanple. [0010] Koromet al., EP-A 0 299 359,

di scloses a variation in the flowthrough device in which the |abel ed
antibody is incorporated into a nenbrane which acts as a reagent delivery
system [ 00%dd1edbiveiqui rement of nultiple addition and pegikivdeGisesds W th
di pstick and flow through type i mmunogssay devices increases the |ikelihood
that minimally trained personnel and honme users will obtain erroneous assay
results. [0012] In mgration type assays, a nenbrane is inpregnated with the
reagents needed to performthe assay. An anal yte detection zone is provided
I n which | abel ed anal yte is bound and assay indiciais read. See, for

exanpl e, Tadcglion?df the presence BittargBlantifer3ffily?dih thedachplalk, et al. U S, Pat. No.
4,596, 275. The sensitivity of migration type assays is frequently reduced,

however, e presenc for Lon, in the sanpl.e of _undesirable solid
conmponent s%ﬂbﬂh. %!“HE‘P(ett eﬁﬁ'&gg%g%&sﬂﬁﬁfélﬁﬂnﬁt@ﬂ?@fﬂw BUEIEtREF bn
zone. AssayhRg il hllddAatiBddyas HR6IHoRRS S InGhErhAY Whith 388 8Y a ARYsM ASlivE

fl ooded with too nuch liquid sanple. (0013] Mgration assay dévices usually

i ncor por at &st& hi n t hem reagents whi ch have been attached to colored | abels
(i.e., conjugates), thereby permtting visible detection of the assay

results w a4l tJ : f I rnstein,
Us. pag QA 29 begferiipe bRl afdiphiaRe SR eps i SRR ofia 1067 101 2
t hose descthringtl type iteumeassaygdeivives ldcBasePdte. likistihood, tBdt 2ninBuallydyained perspanet | ¢l es
such as descyribed in Pat. No. 4,373,932 by Gibnau et al., dyed | atex
such as de@r@rr}lof)‘?d‘lsﬁr;"?%&@“%@@W%@fﬁgg%a and dyes encapsul ated in

| i posones by Canpbell et al., US. Pat. No. 4,703,017. These colored | abels
are gener af0oa2] i i ebrationttgpesayk, 4 Membmmeiiimpighitedwith thivadsgentsinetded e

suitable. Morreover, they requjre.a relatively. ]arge unt of |igan

mol ecul e aPAERhS &5t 3@ g3l lsiestion LR ATRTEVIdEd Wévl_@wﬁg'éaﬁ ﬂ@ﬂ?;fts 1%@?@!1@&4 .
Thus, t her gudd dnliiciai§ PRl NSee 2ol BRGNTIO Tofdt kBB ISy PateNb a8 65, AL and 7B BENST BE
rapi d detection devices. There also still remains a need for a highly

sensi tive PasNeayt 36378, cEhe sensitivityeofanigrativn type ajseys iy Seaveatlymedueed; howew.ng

accurate r I MVRRY, . . ' - QI bj ect

of the i nvgitﬁle%’?les‘f 1?lépr ovige namlr_tg?o%a@é?ﬁ e“(?talle on&%énllrlﬁan%%d%éoan%ﬂgﬁ/@cb%%@
passage of labeled analyte to the detection zone. Assay sensitivity also declines when

migration assay devices are flooded with too much liquid sample.

[0013] Migration assay devices usually incorporate within them reagents which have been
attached to colored labels (i.e., conjugates), thereby permitting visible detection of the assay
results without addition of further substances. See, for example, Bernstein, U.S. Pat. No.
4,770,853, Among such labels are gold sol particles such as those described by Leuvering in
U.S. Pat. No. 4,313,734, dye sol particles such as described in U.S. Pat. No. 4,373,932 by
Gribnau et al., dyed latex such as described by May et al., WO 88/08534, and dyes
encapsulated in liposomes by Campbell et al., U.S. Pat, No. 4,703,017. These colored labels
are generally limited in terms of the immobilization methods which are suitable. Moreover,
they require a relatively large amount of ligand molecule and can involve expensive reagents,
thereby adding to the cost. Thus, there still remains a need for extremely reliable but
inexpensive rapid detection devices. There also still remains a need for a highly sensitive

assay which can utilize a small sample volume while providing accurate results.
SUMMARY OF THE INVENTION

[0014] It is therefore an object of the invention to provide a rapid detection immunoassay

device.



WO 20061099191 PCT[ US2006008688 4 [0015] It is another object of the

i nvention to provide i nmunoassay devices which are sinple to use and

provi de accurate results. [0016] It is a further object of the invention to
provi de i nmunoassay devices which do not require mgration of analytes

al ong the sWORIHI94s conj ugate carrying buffer sol uti oRET/USIOOGOF(S8|t s
al so an object of the invention to provide rapid detection i munoassay
devices which are sinple in construction. [0018] It is an additional object
of the invention to provide i nmunoassay devices which can use either a dry
or liquid conjugate system [0019] Another object of the inventionis to
provide a highly sensitive i nmunoassay device which provides accurate
resul ts wiP0E]usilhiy annthiet olgjentof theimtentimsto frOGdOinmurfoassey deviedsjvith avé t he

i nvention js rovi.de hi ghl ensi,tive i munoassay devices which are
useful w %"%%?%%P&H{‘P¥°;Yb§%°%‘¥a'§6%f})itﬁ-| uids. (0021] In accord with these

obj ects, which will be discussed in detail below, both dry and I|iquid

conj ugat e [0dt8]nods sayfurtheti abfecsyithe iwention 1o prvidddthmulbssssyddvioes whichidbeot

i nvention _include ,tes% %Blﬁﬁlfs Wittg a first sorpent rrat,er'*)eé hayvi.ng a first

| ocat i on FEFIP SUEHLPH, §F apafiiesalong tae,same RHfN 45 MuERIe caTying pulfer dplptionsyi ygat e
systen) or a conjugate solution (in the case of a liquid conjugate systen)
with the 00 Satkemio amasbpict & thélgivemiondo ?rcfvide&apih@étbmtiaimddo@sémp@évibes a
second sorbent nmaterjal having a second |ocation for receiving a sanple
with the $dediage sigpicinconsiction.al defining a second horizontal flow path
distinct fromthe first flow path, and a test line or test site with

i mobi | i zegoAa)t | Q?ﬁsan‘iﬁdﬁﬂﬁdltéﬁ{&te& tRe inQérMBh td bx%@ﬂl@ iﬁiﬂ%ﬂbﬁ%}l@vﬁsﬁy&/ﬁﬁh such as
aptaners, nucleic acids, etc. Tocated in a test zone at a junction of the

f (rst andcemessreitheroy dszior liquidcenjngdtesysieor. pur poses herein, the term
"distinct' 'when used in conjunction with the words "flow path" or

"mgratio h" . N 1 sy i [.Qn
excopt vi DEFlc AR oBfpBIEE Sl ARn s o TRAR: Dty AetitednERTT .8
provi ded iwhich frovidésngeurhteaesutis shilg usisg sipalbsanmpdsivabinnes. a first openi ng
adj acent the first location and a second openi ng adj acent the second

I tion. W i i .ovided.in th i bove t test line.
[ 0023) 1 n R o BuretO0 R oF en S et fie P, Mo REE bt ST et
materi al  dedcaandttar¥\GseII00I0iPbtEht Fodd 41D30Y 41108688

(<]

[0021] In accord with these objects, which will be discussed in detail below, both dry and
liquid conjugate immunoassay device systems are provided. The systems of the invention
include test cells with a first sorbent material having a first location for receiving a buffer
solution (in the case of a dry conjugate system) or a conjugate solution (in the case of a liquid
conjugate system) with the first sorbent material defining a first horizontal flow path, a second
( sorbent material having a second location for receiving a sample with the second sorbent
material defining a second horizontal flow path distinct from the first flow path, and a test line
or test site with immobilized antigens or antibodies or other ligand binding molecules such as
aptamers, nucleic acids, etc. located in a test zone at a junction of the first and second sorbent
materials. For purposes herein, the term “distinct” when used in conjunction with the words
“flow path” or “migration path” shall be understood to mean “not in fluid communication

except via a test zone”.

[0022] Where the test cell of the invention is provided in a housing, the housing is
provided with a first opening adjacent the first location and a second opening adjacent the

second location. A viewing window is provided in the housing above the test line.

[0023] In the preferred embodiment of the invention, the first sorbent material and second



S sorbent material are separate pieces which overlie one another and the
test line is printed on one or both of the sorbent materials at the
junction. Alternatively, although not preferred, the first and second
sorbent materials can be integral with each other. The systens of the

i nvention pred ejogddeysrdl so include a control Iine or sitepepiyboobBossdae Seen
fromthe viewing w ndow, [0024] Accordng to one set of enbodi nents of the
i nvention, the sorbent materials of the invention (and the housing in which
t he rraterials are provided) are laid out in a T shape, where the first

| ocation for receiving the buffer or buffer-conjugate solution I's | ocated

near one o e second | ocati g 9 |V|ng t he
canpl o s TRear Bef e el fecct PhickovinlE orEfies =5 A Gyl ol of

mfat e;ﬂi) alj_s Nt Ibbt]ih of dzhofiehematatialk higthe jmhetii)@ﬁﬁlteﬁihuvﬂglpﬂﬂﬁ?gg?]oﬂpmfm _ther ?et .
of enbodi ngnts of the invention, sorbent materialg of the invention (an
t he housinﬁ’ij Wsﬁﬁﬂ”gﬁorpﬁ’et%?@lﬁ%ﬂn e Apteeral vith eash pthenk %SY!ﬁtegﬁé’Bgl Wnere t he
first | ocafigiioh Bleferkilf als glsy m&ettecoﬁﬁ'&fﬁ@ optnebwﬁltﬁﬁmy BBkt din Bielvidwifg |

| ocat ed near one end first bar, the second location for receiving the
sanpl e i s wWodaved near the end of one end of the second bar, and the
sorbent materials overlie each other at the intersection. O‘ course, the

sor bent 8] 2} AcHRin S bl g G loBicf il R0 LR bt 03By HMerafio iR 1 1O
may take o sha es, as rectangu quare,’ 1rregu

regardl es smoént:bh eamtahmhﬂusmlg imvaihéch thdf\ﬁatanalbmtprwmdeelp b i oat i =T slapged.

[0025] In o di.ment f t he .i e materlal t hi.cknesses and
ongths. of VHE Sedrtapeaiin o egnane e BUE Sy i eate JORHAR BrISHLRIEE ¢ he
timng regejakife thhBar df @ T tBAEHRLA lodidn FordbdehiRghe @EmpRAE Icited héwe te@nl
site. [Oozq{]tbl n tthlbe dr f(ﬂg‘alonj ugga?eﬂsygft]eﬁtlfor? theﬂéljnvent?on a dry conj ugate

i s provide ettm@ﬁthet and ﬂte§9rb@ptemtﬁ@alewltmch e@er ajithesinterseationn MhGegEHnE | s
support ed [ W”;

added in tﬁen'm?l ?ﬂte{%éei}ﬁoﬁﬁnéﬁte Sorb ﬁﬁ t‘B%Seorrlﬁa %is he %@ f(%rddl%he
conj ugat e hwhising in B'hich(ﬂl'e matemaledrelpyomdtd) tzicé & ershipe, Whaetthesﬁrssiotmonlfm t he
l'iquid con ates m_.of.the.in I.on, uf fer-conj te lLiquid
Subsyst om AR GBS D s PrueR G Peted et afngid HRdBaumn dis

material t Esaﬁhd/tosdﬁ%n E&t&e&&ﬁxﬁ%ﬂm%@xﬂpkg@k&t&hﬁbﬁyﬁﬂa%ﬁﬂ bPordendiof SHe seédnd-bar, (0027]
According to one nethod of the invention, a systemis provided which

i ncl udes aandthegorbent maiesipls pyerdiepaghsthey @t the interpection i OF conrss. tig SaThent st
| ocati on f Qb HAE Riay bl %@o?% foffer ?I aflbhns b th% RSushiShayP {aké‘ofﬂEﬁ’shﬁﬁéEJ HgRt e

systen) or a conjufate solution (In~the case o I"qui'd conj ugat’e
as rectangular, square, irregular, etc. regardiess of the manner in which the sorbent materials

are arranged.

[0025] In one embodiment of the invention, the materials, thicknesses and lengths of the
first and second sorbent materials are chosen to adjust the timing regarding the liquid sample

and liquid buffer reaching the test site.

[0026] In the dry conjugate system of the invention, a dry conjugate is provided between
the first opening and the test site. The conjugate is supported on or within the sorbent material
such that when a buffer is added in the first opening, the sorbent material wicks the buffer to
the conjugate which is then carried by the buffer to the test site. In the liquid conjugate system
of the invention, a buffer-conjugate liquid subsystem is provided and applied to the first

opening. The sorbent material then wicks the buffer-conjugate subsystem to the test site.

[0027] According to one method of the invention, a system is provided which includes a
test cell having a first sorbent material having a first location for receiving a buffer solution (in
the case of a dry conjugate system) or a conjugate solution (in the case of a liquid conjugate

system) with the first sorbent material defining a first horizontal flow path, a second sorbent



system) with the first sorbent material defining a first horizontal flow
path, a second sorbent WO 2006/ 099191 PCTI US2006/ 008688 6 material having a
second |l ocation for receiving a sanple with the second sorbent nmaterial
defining a second horizontal flow path distinct fromthe first flow path,
and a test MOMI%st site with i mobilized antigens BFTARIOHYEIEs or

ot her ligand bi ndi ng nol ecul es such as 6 aptaners, nucleic acids, etc.

| ocated in a test zone at a junction of the first and second sorbent
materials. If desired, a housing is also provided having a first opening for
receiving the buffer or conjugate solution, a second opening for receiving
a sanple, and,a, view ng w ndow above  the test line. A sanple of interest is

provi ded tmpateial havipgpaccope HcAgomsior reseixingdrfamplerveth e seroad perbentmataiiel of tine,
a liquid Sdé:EHin%% sBeoit hbRZomA! fiéw P4 Bt A66k thé’ﬁfs@ﬂo&r'ﬁﬁﬁxt aﬁpﬁ(lbtrlﬂxe%f test
| ocation. If tRe sorbent material 1s supporting a conjugate (i1.e., In a dry
conj ugat e sifg stithrinmobHized hitigehsion antipodiésorattiey ligandtinding tnoleceles sishas i on. | f

the sorbent,materijal. i s.no u Lt a conjugate_.(i.e., i,n a ligui

coni ugat o e udeic Bl dte. BREE I ARR ny bHGRRGE e FitrpiBetor bl
subsyst emmdteridyIf Gesired, a lfusig isalsd provided hdvinpea it Gsenifigtfof feeeidiap thegatfer t o
mgrate to the test site (and control site if provided), the test site (and

control si%&OWREAE WHtBGF ssoong AR BErery{vige 4&Fmpls: aqs’a-w)éwﬁnﬁéﬂi ¥eve t he
sanp’ € 1S tiasie! X saRioldWHintet i Blovided t4 thb sEend B listhtioalufkhe system

of the invention can be used in anj unction wt 9%1‘?% erent types of sanples
such as bldseited amountof tiad, aViguidauch ssahuffer solutianain atidedue e first apesing of or t he

presence qf  an i.gand. e bl ood, .saliva. or, _f.eces i Q.be. prayi t he
D eoarC e atperoH e et ibtefialls Sithond sl tfifhen (IR sy Py G RR
gcj degdt gr di#ghi ik E&ffﬂﬂ;ﬁ aiiehﬁmph guff%r/kbhﬁbmallfitheeéoynent ma%ﬁm'g ﬁa&ap%ortﬂi@?] S agpl e my
e a e t hrou Ihe )l e and, then a I Luent, my a e t roug t Sane
hol e. [ 00F8NusHe (icadn 2 ligpid copiugpie sy nth‘ﬂmids}S w@aﬁ#&ggﬁ?ww?w@n or

art bECa!JSJﬁbngt@m_ 8y &b, aftlf suffiert BB TS p@MAUEESHRBR to migrate to the test site _
aggregati on/ aggl uti ndti on probl ens betweeh the conjugate and the analyte in

t he sanpl dawhgophol site af provided) harrst gitedbideanirol siteatiprovided) is tispestastin grdapiei ¢
I NMMuUNoassay, lLatiyel I nal.yt es, such as bacteria. In particular,
Aehne WAL 42 b RLOGAROLYS S5 P

in traditiona ra I nmunoassdys, the conpl ex between bacteria
and conjugated antibody has difficulty mgrating to the test |line and tends
t o renai n [0028]he bwilt bmepphediaed thet the pyseo ofithe imvemitoot. can ba usddiis comjumtibl on

there is na,coppl ex binding between analyte and the.conjugate untjl the
sanpl e 1 edCHOGTRRE Rk ot st s anoah i bE SAG. AreEaei Ente 5t o n 1 0
the test bdtBe pRbdnGe bty ligand. Where blood, saliva or feces is to be provided, the blood, saliva

or feces may be diluted or mixed with buffer prior to being added through the second hole.

Alternatively, in some cases, the sample may be added through the hole and then a diluent may
be added through the same hole.

[0029] The test cell of the invention is advantageous over the prior art because the. test cell
of the invention overcomes aggregation/agglutination problems between the conjugate and the
analyte in the sample which is a significant problem in traditional chromatographic
immunoassay for relatively large analytes such as bacteria. In particular, in traditional
chromatographic immunoassays, the complex between bacteria and conjugated antibody has
difficulty migrating to the test line and tends to remain in the bottom of test strip or in the pad.
" In this invention there is no complex binding between analyte and the conjugate until the
sample reaches the test site, as the analyte is applied via its own path to the test site while the
conjugate migrates by itself. As a result, the system of the invention is extremely sensitive and

specific.

[0030] Additional objects and advantages of the invention will become apparent to those



conjugate mgrates by itself. As a result, the systemof the invention is
extrenely sensitive and specific. [0030] Additional objects and advant ages
of the invention will becone apparent to those WD 2006/ 099191 '
PCT/ US2006/ 008688 7 skilled in the art upon reference to the detailed

descri pti on ww@gk®godediconj unction with the provided fi gupesayskiohbissss
DESCRI PTION OF THE DRAWNGS [0031] FIG1 is a top schematic view of a first

enbodi mrent of the invention. [0032] FIG IAis a cross-sectional viewtaken
along line IAA-1A of FIG 1. [0033] FIG 1B is a cross-sectional view taken
along line IB-1B of FIG 1. [0034] FIG 2 is a top schematic view of a
second enbodi nent of the invention. [0035] FIG 2A is a cross-sectional

vi ew t aken [ 3 e G iled 1ORARE ohiRn iR chSiufctfhnAsiar @ect | onal
view of a %‘ﬁhéra -éﬂr?bag@fp%r}@ﬁ%férgg ettﬁetﬂ%%e\z/aeﬂr?(tiihonaﬁ(f OOBﬂ Igl 4tf0iths atop
schemat i ¢ piowdedfigwed. ourt h enbodi nent of the invention. [0038] FIG 5 is a

top schematic view of a fifth enbodi nent of the invention. [0039] FIG 6 is

a top schematic view of a siéﬂhigﬁﬁémgﬁF?ﬂ%fﬁ%W@. [0040] FIG 7

is a top schematic view of a sev I men e’invention. [0041]
FIG 8 is a top schematic view of an eighth enbodi nrent of the invention.
[0042] FI 0031} s &lGobissithe saemativview ofh fisst embodinenbaGheraventh. t he
invention. [0043] FIG 10 is a top schematic view of an inplenentation of

Showi no o LORRLr T E85°EF Tha 85k atRforkt MBY SR R I AGAREAR1° B T rvent s on

relative to a typical prior art TB test device. [0045] FIG 12 includes two
t abl es and[0038¢y, PGt 1B ishecrosiseationahde takert alopg tins tRd Bodf RIGel. sensitivity of
the test device of the invention relative to typical prior art HV 1 and

phot ogr aphlSURE! £ uEISLAE" e SEFTAEC BEvAn Sond FERESoR Bo e
PCT/ US2006/ 008688 8 test cassette product according to the invention with
FI GS. 13A- (353 hoFIGo2A kea @rosscchiivral vibw taken along line 2A-2A of FIG. 2.

[0036] FIG. 3 is a cross-sectional view of a third embodiment of the invention.

[0037] FIG. 4 is a top schematic view of a fourth embediment of the invention.

[0038] FIG. 5 is a top schematic view of a fifth embodiment of the invention.

[0039] FIG. 6 is a top schematic view of a sixth embodiment of the invention.

[0040] FIG. 7 is a top schematic view of a seventh embodiment of the invention.

[0041] FIG. 8 is a top schematic view of an eighth embodiment of the invention.

[0042] FIG.9 is a top schematic view of a ninth embodiment of the invention.

[0043] FIG. 10 s a top schematic view of an implementation of the invention which does

not use a housing.

[0044] FIG. 11 is a table showing a comparison of the sensitivity of the test device of the

invention relative to a typical prior art TB test device,

[0045]  FIG. 12 includes two tables and a key, with the tables showing comparisons of the
sensitivity of the test device of the invention relative to typical prior art HIV1 and HIV2 test

devices.

[0046]) FIGS. 13A-13G are composite photograph/instructional diagrams of an HIV 1/2



utilizing the test product, and FIGS. 13D 13G show ng various possible
results. [0047] FIGS. 14A-14G are conposite photograph/instructional

diagrams of an HI'V 1/2 dipstick test product according to the invention
with FIGS. 14A-14C showi ng the procedure of wutilizing the test product, and
FI GS. 14D 1X9 2M&M% vari ous possible results. [0048] FIPGBUSIBAOMESS ar e
conposi te photograph/instructional diagfans of an HVI/2

screening/ confirmatory test cassette product according to the invention with
FIGS. 15A-1 5C showi ng the procedure utilizing the screening/test product,
and FI GS. 15D 15G showi ng various possible results. (0049] FIGS. 16A-16E
are phot ographs of test results obtained on actual H'V 1/2 dipsticks of the
i nvent i on.tesDEaEAdticFoMESSRPFINEIN mFmTMOEREﬁERESDIHBGDIShGNﬁSthG[m%ﬁreBﬁr ni ng

and. | ncl udduEtg e i efBicl soa Fiis TEB R0 s e SRS bE Boltpni ng i Tt

second holes 24, 26, and a wi ndow 28; and first and second sorbent or
bi bul ous 1[8047] al EIGS) 143214Gietfcicnmpgsmnq1hpﬁgtibhfuﬂs&ncﬂumal diagrhumb of dlmHZ[\pMzhs in

t he housi The fa orbent material I east tvvoa
pref er g;: sﬂf’l%?s"cﬁrcs’élt?z?ccf to %imlﬁfﬁﬂpoﬂé?‘“ éﬁ?ﬁlgEﬁLﬁ@E@W@?e ure of
mat eri al s .ytifizihh "tk&atteét?ﬁﬂ!ugtlaﬁ&m Impsmeadhb@ﬁlgavaﬁbﬁstIﬁ:rsmger}e)mtgs locat ed at

the first hole 24 an extends to a second zGone 33 (sonetines call ed a t est
zone) whi ;:[h is |ocated at_ the junction of the "T", The first _zone

pref er abl yOP4R] udAGS 1PArISG WPOQPO%W;P&@OST&PM%H’“@WWM?@ﬁ ofan Hb\fﬂ/%gat e 39
h d
aving degilefy g%&#nfgﬁa}%?ggfs LdcROf: o%ﬁct\%éd?d@; IO R FROPHREFIT HBAS S

deposited ano |rst on o ane

sor bent ormshdwipg Itlm;zrowfduwnitﬂﬂzn@mxe squanm@rttsypzruid@ dnddiiGSi 15]bdéGIsh~b\®mg WI th a
pl(astlc backi g t _shown The first zone 31 is adapted to receive a

buf fer so|"ﬁ??‘%§§’°§1 @% the buffer solution to contact the conjugate,

t her eby nobili zing the conjugate, and to wick the conjugate-carrying buffer
sol ution t[&049]e HES) 16AZ16¥eard photd frapisasf eatrebilssiblaitedva adthal HIV Wdes a second
portion of th tEln nenbrane 30 which is preferably printed with a test
line 50 h&iA H@‘s jAYSHIg: anti gens or antibodies (dependi ng on whet her the
test cell is designed to test for the presence of antibodies or antigens)
on the nmenbrane as DEMALETKDBSORIFTIONORTHE PREFEIESED EMIBODIMERSTSbE seen

t hrough the wi ndow 28 of clear plastic provided in the housi ng. An opti onal

third zon squetjimes WD _2006/0 PCTI US2006/ 008688
?Df??ﬂ]( Turning now to F12gm-esl ?ﬁ B, an immunocassay ev?ce test cell 10 is

provided and includes: a T-shaped housing 20 having a top wall 21 defining first and second
holes 24, 26, and a window 28, and first and second sorbent or bibulous materials 30, 32
defining perpendicular horizontal flow paths in the housing, The ﬁrs’q sorbent material 30
includes at least two and preferably three or four zones and may be made from a plurality of
( materials. A first zone 31 (sometimes called a filter zone) is located at the first hole 24 and
extends to a second zone 33 (sometimes called a test zone) which is located at the junction of
the “T”, The first zone 31 preferably includes a filter 31a, a pad 31b on or in which a
conjugate 39 having desired antigens or antibodies with attached colored markers is deposited
and immobilized, and a first portion of a thin membrane or sorbent or bibulous material 30
typically made from nitrocellulose with a plastic backing (not shown). The first zone 31 is
adapted to receive a buffer solution, to cause the buffer solution to contact the conjugate,
thereby mobilizing the conjugate, and to wick the conjugate-~carrying buffer solution to the
second zone 33. The second (iest) zone 33 includes a second portion of the thin membrane 30
which is preferably printed with a test line 50 having immobilized antigens or antibodies
(depending on whether the test cell is designed to test for the presence of antibodies or
antigens) on the membrane as is well known in the art. The test line 50 may be seen through

the window 28 of clear plastic provided in the housing. An optional third zone 35 (sometimes



called a control zone) which includes a third portion of the thin nenbrane

30 may also be printed with a control line 60 typically containing

anti bodies to the conjugate antigens (or in sone cases antibodi es which:
will bind to conjugate anti bodies, or even antigens which will bind to

conj ugate awobmén®sadr as is well known in the art. Wer e pchasstdosnebsgsone 35
I's provided, w ndow 28 extends above the control line 60. If desired, an
optional fourth zone 37 (sonetines called a reservoir zone) may be provided
as a wicking reservoir as is also well known in the art. The fourth zone 37

I ncludes a relatively thicker absorbent paper 31d. Preferably overlying all
the zones is a thin, preferably transparent plastic filmor card 38a having

an adhesi vgaeh 'a%@ntl‘(ﬁ%@ﬁa) wh@clﬁﬁém&é&ta tHi?d Fdrlion of the'thidh AefibrahB 80 Gaythisd®eay be

cut with an ougenl ng hole 24 so that It does not block liquid access to
t he hol e 2arinpd@Bhp cwteolélegéamlbemtalmg@mmdwszo theyronjugefe BRHEPAHET i om a

plurality r first
zone 61 (sggm%n%sahggﬁlgsg&u lﬂvﬁ[ @rﬁﬁg%%oégdéﬁﬂle%ﬂﬁégﬁ es’ a@@ﬁ?%réeg? Q’ﬁm and a
first port bimd t@éonﬁxg‘atml antibediéy) ani vl kmowhénthe art. Wﬂmnéﬂmshlrdrmneﬁﬁaé prBQided,

typically nmad om ni.trocel | ul ose w t not e first

zone 61 |§“‘Fd§g£8§& eggs?q?geglgccgﬁge]d&eg%%cg lée%‘? l(%“f'ﬁg?’%ee—g;nd zone 63.
The second(Mﬁmés?cauwskééee«%u&oﬁ@ e@%ﬁde%s QfwitiBRg F3brofiBERIRB8vel2 Whi ch
is in contact with the second zone 33 first sorbent material 30. As

i s seen i nkmpvysin thenarh nbherfigurth ﬁ@leﬁ’"rl@‘ﬂu%ﬁh‘éﬁtvebhﬁlé’kﬁraﬂbf"@@entdlﬁé?fﬁ ds.the
second sor 9?&% é@{rw%ﬁﬁg Eé‘ﬂmn %&%ﬁg&eﬂ{ n%adti@ Al Al sgath each

other (as op ngs conta ranes or each other),
and such t lhat\tmg headhes:ve which kedfp@ th@soﬂfeﬁanatem}i in placrea (Thd chredtd8ensay bemat with

nmenbranes. Thus, 5 d .inted on e.second zone 63 of the
second sorﬂﬁﬂﬁen%agﬁ?lﬁlz‘i ttragg W%BE"%M‘P aCEaRR P ﬂb"‘lt]lh‘}l%%?he sécond zone 33

of the first sorbent material 30. If desired, a thin plastic filmor card

38b havi ng[m1]adhﬁ8be®nﬂ\/@drbéht|ﬁmﬁlBh@n@%fs@ﬂﬁxﬁd@llélfﬂﬁiam}ﬂﬁyaﬂmatenﬂéﬁﬁie may
be utilized. [0052] Wer e standard tﬁlpe nitrocel lul ose strips with a backing

are utiliz@laedly REludes o 2ones 6l e orfdie Asvippnerfl(sometimes caded £ ABFTZPYr t he
menbranes tonheyenifdld ﬁ@@% am%gr Jrﬁt?n of {hin 1 Eor PALnAS WhAGHssed in

nore detail herelnafte e 31 (for t e conjugate mgration) has a
3 pore si z@;ateanbﬁmmﬂma@ﬁqmmtrqchléﬂmwmh@ hacking (o showas Ténefﬁmszel

o 21 SaTbkt ol L IR AR Rl oL B Bl e
31. [0053] iddneles meambpc&ayn oﬂ‘thEt}gmmembrans 3pwvaichriail ontati Witk @@ seconti @beBsS.
Frst, 3 SaR. (ol o onoun) possLily onta) PLg AL R0t es (R bgens) 1o

overlies.the second sorbent material 32 such that the membranes are in contact with each other

(as opposed to the backings contacting the membranes or each other), and such that the test

line 50 is effectively located between the membranes. Tﬁus, test line 50 could be printed on

the second zone 63 of the second sorbent material 32 instead of, or in addition to the second

zone 33 of the first sorbent material 30. If desired, a thin plastic film or card 38b having an

adhesive which keeps the second sorbent material in place may be utilized.

[0052] Where standard-type nitrocellulose strips with a backing are utilized as the first and
second membranes, it is desirable for the membranes to have different pore sizes. For
example, and as discussed in more detail hereinafter, if membrane 31 (for the conjugate
migration) has a 3. pore size, and membrane 32 (for the sample migration) has a 15u pore
size, sample applied to membrane 32 will tend to migrate and stay in the sample membrane 32

and will tend not to migrate into the conjugate membrane 31.

[0053] The immunoassay of Figure 1 is preferably utilized as follows. First, a sample (not

shown) possibly containing antibodies (or antigens) is provided to the second opening or hole



WO 2006/ 099191 PCT/ US2006/ 008688 10 26 and allowed to mgrate through the
second sorbent material 32 to its second zone 63 which is contact with the
second zone 33 of the first sorbent nmaterial 30. Optionally, after providing
the sanple to hole 26, a preferably nmeasured anmount of liquid such as a
buf f er sol uwooelaE919be added to hole 26 to help in the PEHPRPGHIGES t he
sanpl e. Regardl ess, the sanple reachesithe test line 50 which is printed
atop the second zone 33 of the first sorbent material or infused therein.
After a desired anount of tinme, by which tine the antibodies (or antigens)
in the sanple (if present) will have had an opportunity to bind to the
antigens (or antibodies) immbilized at the test |line 50, a preferably
measur ed vodelleved tp qmg@tﬂstbxmlgh@%emmﬂfsenbentSthal 38 t¢ m)secsmbwny 68 whishided t o

the first Af er 0 ff rmt
the con; uderael i fie ehirftooff 25 BEfy BE bdBef meld P a0 Ubiigolf iter 8 il

provi deg) thd ﬂgmplmtholeﬁa% epfﬂ?réblpdwaﬁ.ﬂéd’ a:ita?]mt bfhcﬁﬁh mfchlaa @ bufferckplition | g pect ed
vi a wi ndow I n oraer (0] erm ne e er osSitive"

not. Typi @dfiqdo hglegde P?’P\}’éﬁ’ r@gfatlpaey@sﬁme ﬁ &s@eﬁl@émaplg r?aﬁﬁ esAhf | body
(or anti ge&y 1ihdsd J&Jﬁwﬁ ?s‘mixﬁed é“m}?&fe%éd%‘ﬁ@ sz% &%J&‘n’sb&rﬁ&?ha&hﬁaﬁorﬁﬁ’m@d&d t he

control site 60 show Iines of" color. ‘negative" test indicating the |ack
of the pr élseémeA@ﬁraﬂ@ueénmpww tl(n@rbsawhmgém)‘: theantibedisatep patigens)dntigi ned when

only the N5 d of the
[ nv)ént [ on%ms@}egf g%?&g)d‘?ﬁl %R'g\ﬂgd rg%v]%’}g’?tﬁ& qu E?%?%%ttr?sﬂll é\%%%é%#gp%%g{é@ng and/ or
letteri Inlg uhﬂ:obnﬂedt;attbe ﬁektainegol Epl%feragﬁy fneasufe]:dgmlounnﬁf ltquedhs:ahrpé iebﬁfgezd_ f
opti ona IS, t e use | rst, t ha 0Ol e | S or
Fecei vi ng SPHEST0F sy it st Soiras At adbismeriog obgat, syisiE:

SK' I'led i g pdimitathé odﬂ;&éat@@%@ﬁa‘t@ib%é Raalsitd b@(ahﬂ%ﬁtﬁﬂ%ﬁ@ﬁo HQrdHaeh i iRngstas
foll ows. Because the test |ine Is provid antigens (or antibodies)

i mobi | i zéle #h(aad camirad sis;med lfuprowq%ml) tsesape@tadrwlaévmdﬂw 38 fsorderttp defgimeise t o t he
anti gens (ﬁ]leth@mhte ﬁl tlsQ Qi%vg‘n&J R §3a%)lgnﬁ g)%)sfm b @%ql@ﬁat %{@eﬁ@‘?éeggeno%) Wl

bi nd t hensel'ves Irgens (or a
Ther eaf t ethe ankibodyt Croemxgan}xgahesaaﬁﬂacm pbained sdembothnhe @strsitt 60 andithe odtiddody (or

ti body f t t t
16 the 1 este 64 show s o golbr & MEegaires e ioicaiie b EKAR CHaSEARE GLORS ant | gens)
whi ch ar e sgwdh ebichnfifed) "i?th%% Fie'ﬂ‘@otaged Whé G 1h3RBntAsite 8O EHRAININeRF t he

conjugate will b| nd rtself to the antibodies (or antigens) and the col ored
mar ker wi eplosause a colored line to appear at the test site 50. If the test
sanpl e does not contain

[0054] The method of the invention may be expedited by providing the housing with

numbering and/or lettering to indicate that hole 26 is for receiving the sample (and optionally
some buffer) and is to be used first, and that hole 24 is for receiving the buffer solution and is

to be used second.

[0055] Those skilled in the art will appreciate that the immunoassay 10 functions as
follows. Because the test line 50 is provided with antigens (or antibodies) immobilized on a
membrane, if the test sample contains antibodies to the antigens (or antigens to the antibodies),
the antibodies (or antigens) will bind themselves to the antigens (or antibodies) at the test line.
Thereafter, when the conjugate 39 containing an antigen for the antibody (or antibody for the
antigen) coupled to a colored marker is caused to migrate to the test line, if the test sample
contains the antibodies (or antigens) which are now held at the test line 50, the antigen (or
antibody) of the conjugate will bind itself to the antibodies (or antigens) and the colored
marker will cause a colored line to appear at the test site 50. If the test sample does not contain
antibodies (or antigens), the conjugate will not have the antibodies (antigens) to bind to at the
test line 50, and no colored line will appear at the test site 50. On the other hand, because the

control line 60 is provided with antibodies (or antigens), the antigens (or antibodies) of the



anti bodi es (or antigens), the conjugate wll not have the antibodies
(antigens) to bind to at the test line 50, and no colored line will appear
at the test site 50. On the other hand, because the control line 60 is ’
provided with anti bodies (or antigens), the antigens (or antibodies) of the
WO 2006/ 09%%)92’10 5@5{99820061008688 11 conjugate w |l al wagBURIONG00BEBSt he

anti bodi es "(of antigens) in the contre] |ine 60, thereby causing a colored
line to appear at the control site 60 if the conjugate reaches the control
site 60. Thus, if sufficient buffer solution is provided to the test cell,
a colored line should always appear at the control site 60, thereby
providing a control for the test. [0056] Turning now to _Fig. 2 and Fig. 2A
a second eonjngatic il elvys bind to theentibasdiesi(er antigens) injthe Foneol line 60, gherely, 2 and 2A,

i ke nunb L ' | e . L Ll hated that
the pri megong b PR ne BLumpete BeORRN e S0 e dohisble oo BBRGEEH BEL - 10
the fi rlst603 rfﬂmfd,i iﬂﬁﬂﬁci@ﬁtlblﬁﬁgssollﬂtionlsﬁpmaiﬂﬁi toBl(;é &sﬁd’&?la mdg[&eddinestd)ukixﬁwm; ]
mat eri al 32a of test ce Oa .is key-shape referably via punching). Wt
the key- sHRFHEA ey ﬁﬁ%@@jﬂ%?@lﬁi‘é&ga%%&%'@éteﬁ%at it converges to the

second narrow zone 63a. As a result, zone 63a touches the second zone 33 of

the first[opssPentuipdgtionito I3 20dnAFsE. 28X & kdeshd Ghbodinehtt? thediddnition isdked. he t est
line 50. Those skilled in the art w N appreci ate that_the i nmmunoassay test

cel | | Calndfigsil fA ABygying @A, ikepmbers aseused der likgelranentgn K ugribwilbies
bst ant i : ' : | 1 t
DSt ANt Gl DR U AR bk 8 8lon cpedimenl QTG 2 o Bha oW ! o

3, |ike nthatfiest embodimestenf Figst 1| 1A@ané | Bnethétshe Sdeorsd sorbentvimateriab3 2apyftestecdlt ed

t hat the I,pr di fference between test cell 1o of the third enrbodi ment
of Fi g o SaiuRlebedprerag iy A o ngs 7Lt e sy A d grraniegient S0 048 Hang | 5
Is that osRpddydontBatiftRnS@EANE (HY debHAlatrbiveofe 63al IAY 2sidt, zbkes3altuchtd RO Wher e
the first nitrocellulose strip 30 contacts the second strip (except for a

narrow z¥fendsong A3 ofte S ﬁ@rbg@smat@iaﬂ a0 glmosi exclusiyaly\at theilpcatigy of thgtest line
) i Lasti ' h
non-por ougy ﬁo%éél@f(l)eﬁiﬁg Mﬁﬁ%@ RAbkd fhat me“ﬁnxﬂur[o%%g%ﬁsgéegfﬁitaﬁﬁér .2 3%y ehe

strips 30 a her al nost excl us ocat'i on of
the test tdedén %O sarfdumsenes kind fundions stsentally the kimaggthe tisated t0hd(Fig. He
I mrmunoassay test cell b of Fig. 3 may be used in the sane manner and

I
functions tantiall . the ..1e | | of Flg. % [ 8]
Tur ni ng n[)o\?/%? g F?{ém%lzg ﬁ'og& tggﬁﬁgﬁﬁnggﬁ%doe&?%r?gﬁ%mg%’f @génvie#i;’%nh%ggsn a;;“ éleg\s}'i ggi'f S
shown W 1B aed 3,4kt nambers 4 used for gike eigrmemreli Thiadlit il 8k apredioted Gt the etinad0 of
D19 el PiStirencs hebvesadess aclb b ofsheirg smbodgent of g, 3 ard test oelt 16k e hinP "2

embodiment of Figs. 1, 1A, and 1B is that overlying the second nitrocellulose strip 32 at the

location where the first nitrocellulose strip 30 contacts the second strip (except for a narrow
zone at and adjacent test site 50) is a very thin layer of non-porous material 99 such as plastic.
As a result of material 99, the strips 30 and 32 contact each other almost exclusively at the
location of the test line 50. Those skilled in the art will appreciate that the immunoassay test
cell 10b of Fig. 3 may be used in the same manner and functions substantially the same as the
test cell 10 of Fig. 1.

[0058] Turning now to Fig. 4, a fourth embodiment of the immunoassay device is shown
with & test cell 10° (slightly modified relative to test cell 10 of Fig. 1) provided which includes:
a T-shaped housing 20° having a top wall 21" defining first and second holes 24°, 26’, and a
window 28’; and first and second sorbent or bibulous materials 30°, 32’ defining perpendicular
horizontal flow paths in the housing. The first sorbent material 30° includes at least two and
preferably three or four zones and may be made from a plurality of materials. A first zone 31°
(sometimes called a filter zone) is located at the first hole 24 and extends to a second zone 33°

(sometimes called a test zone) which is located at the junction of the “T”. The first zone 31°



wi ndow 28'; and first and second sorbent or bibul ous materials 30", 32
defining perpendicular horizontal flow paths in the housing. The first
sorbent material 30" includes at |least two and preferably three or four
zones and nay be made froma plurality of materials. A first zone 31'
(soneti mes wWalMS@IASEi | ter zone) is |ocated at the firstPEHEPE0808688 g
extends to a second zone 33' (sometin®s called a test zone) which is

| ocated at the junction of the "r'. The first zone 31' WD 2006/ 099191

PCTI US2006/ 008688 12 preferably includes a filter, a pad on or in which a
conjugate 39' having desired antigens or antibodies with attached col ored
markers is deposited and imopbilized, and a thin nmenbrane typically nade
from ni t r preddrhbly dlmelc(ewhiﬁdxlar epad ool sr tnovhithea sjupatk I Havipg desirat antig'ensjorand
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solution to the second zone 33'. The second zone 33" has nted thereon a
oﬁ)}ﬁ@g

test |inezohss) With & hacking. dThedirsteene R Erisadaptodde roceive g bufiacs r torcAwseditec ond
bent
sor ben zone‘f’ sbﬁllngﬁ?o confldt &gkbg&ﬂ%e ttﬁ'éé‘% ”g@pﬂ??g %gaﬁgaﬂe i ¢ 34'141(% a

control rovi de cont ai ni ng
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will bind,to co odi.es eve ant n

conj ugat eﬂ’éfﬁopﬁ%ﬁ? nliglg nf8 Idfsc"Pﬁ "‘f‘ﬂ 188? ds%ﬁ%? %‘ets?f:é’nii ﬁ‘?rk:’ﬁpqzone 35'
i's provi dﬁﬁtenammdmm 8 1011@Mhﬁﬂfz'§n@383‘(@nieﬁﬁle§ edllcll @l cohirdlezoBf) may he Sedldsed, an
optional fourth zone 3 (sometinmes called a reservoir zone) may be

provi ded ¥itha oppleeliling 60c wicply fontaining aplibaglisiée the crpjygrte patigens (o5 it Sompn e
fourth Zo%ef%m%ab&% YRR vinbeldh 'cxﬁh%artast g s,%k?% O RbeRAREE cﬁ]wlﬁ' ﬁﬁ&‘{oab' y

underl ying a our zones Is a th | I'm havi ng an adhesi ve
keeps t hecagugaterantibodiegras & well knqwinghe :{xﬂmweﬂhaeths’demnwfémmmedmt er| aI

32" 59, by | ur al.it t y includ
Do soneo o 28 exiadi oy e i il 607 s SouRRL TARE & sone) 1 <
| ocated afsokdegmeeated a¥ef oR63ond) i f%;ﬂﬂﬂﬂc& 2 4 WRkDE GaRA 0HMRes A% wihi ch is

in contact with the second zone 3 of the first sorbent material 30 |

desired, kepwisiadheertzBerefopgh zeme 317héﬂ°1‘§1§§éfﬂiaf!é@%b#?kefr?&ﬁ@b?r&lpaw Prefgratie
printed wif b %gah%ﬁr 20} Qselséqmn@?ﬁ\é 1§'|ﬂ1n5 %l%hig.ﬁ?&?ps?lﬁl e dRehPodi es

(dependi ng on et her t e t est eS|gne to t est e presence of
ant i bodi emawrialam pigens) as is well known in the art, Regardl ess of whether
second zone 63" or second zone 33" or both are provided with the test |ine

50", the f[ﬁ)%b] 4 He ?é)c'onH%é(errﬁ riatetial 327 may also be made from a plurality of materials

and preferably includes two zones 61°, 63°. The first zone 61° (sometimes called a filter zone)

is located at the second hole 26° and extends to the second zone 63 which is in contact with
the second zone 33’ of the first sorbent material 30°. If desired, the second zone 63” of the

( second sorbent material 32° may be printed with the test line 50’ having immobilized antigens
or antibodies (depending on whether the test cell is designed to test for the presence of
antibodies or antigens) as is well known in the art. Regardless of whether second zone 63’ or
second zone 33’ or both are provided with the test line 50°, the test line 50’ may be seen
through the window 28’ of clear plastic provided in the housing. As is suggested by the lines
in Fig. 4 (compare Fig. 1), the second sorbent material 32° overlies the first sorbent material
30°, such that the thin membranes of both materials are in contact with each other at least at the
test line location . The second sorbent material 32° may be shaped as in Fig. 1 so thata
standard nitrocellulose strip with backing is provided. Alternatively, material 32° may be
shaped as in Fig. 2 such that it touches the first sorbent material almost exclusively at the
location of the test line 50°, As another alternative, the material 32’ may be shaped as in Fig,

1, and a thin non-porous membrane can be provided as in Fig. 3 such that materials 30° and 32



t hrough the wi ndow 28 of clear plastic provided in the housing. As is
suggested by the lines in Fig. 4 (conpare Fig. 1), the second sorbent
material 32' overlies the first sorbent material 30", such that the thi'n
menbranes of both materials are in contact with each other at |east at the
test line | QeAlbRorol N Ssecond sorbent material 32' may wervesremadsas in Fig.
| so that a standard nitrocellul ose sigip wth backing is provided.
Alternatively, material 32' may be shaped as in Fig. 2 such that it touches
the first sorbent material al nost exclusively at the |ocation of the test
line 50'. As another alternative, the material 32' may be shaped as in Fig.
1, and a thin non-porous nenbrane can be provided as in Fig. 3 such that

mat eri al s t3ikh eadhtotiie? aliéat 20661 RHP A Me foCation/S2 BRGHUBOBB. 13 touch each ot her
al nost exclusively at the location of the test line 50". [0060] Those

skilled i arf, wil |l appreciate that,the ipmunoassay test 10" of
Fig. 4 n&?bg‘g usetpsy ﬂ“‘ﬂ%e‘gst%‘?@ Wﬁh??é’recsfﬁrdﬁf&}ﬂgmwﬂé%}ﬁéﬁsgﬁ%‘@ I°§I]:’tgh% same
as the teshayCia)dsed B tBS salednannkr addf8diond siibBiaRiEh HAKE étnefdsqbe RstellaD of Fig.

| rmunoassay device test cell 10" is provided an i ncl udes: a T-shape

housi ng 20" having a top wall 21" defining first and second hol es 24", 26",
and a wi ndow 28"; and a T-shaped sorbent or bibulous material 30" defining
per pendi c I - i g%& I} 5 11519775, sid al 30"

i ncl udes ;fto GF"e];s?% ?ﬂ%ggwgﬁg re?gggﬁagn?ao%? d-g‘rfﬁ?i?d\gg&zlo(r?res némrr%y be nade
from a pl unebdesy a @fshapeddronsing 20°2hdviingsa top mal @173 definispfist anbsscoral Hoad 24”,f i | t er

zone) is lpgated at .the, first. hole 24" and,extends .to.a., ond zone 33"
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The first peonadiddiar fiwebathatl the ho\ingd The T-shipddebrbeat MaerialBOd indutlenvitiledlt a
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to receive a ffer solution, to cause t bu fer so ution to contact t he
conj ugat e, secandeprt3 rtedmétinmdsregliedveteganne) gdtia is dovdted ot thie ghnctibe of the “T”,

conj ugat e-garg yin uf f l.ution tQ, the .second zaone 33". The,,second
(tost) zonbfitl 255 P apdenablY bl Al ina 55 BER VRRRE canpeniddr B958

ijmmbi I ijzaiésiaeﬁdnﬁ%g@s oﬁﬁxﬁﬂﬁbﬁieb@sdﬂh&ﬁaﬂ?&ﬁﬁﬁﬁﬁ@gnms ishiehowited hﬁlei)rﬁxﬁsﬁilizﬁﬁj | is
esigned to test for the presence of anti ies o ntigen e
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(sonetines also called a filter zone) Is located at the second-ho
thereby mobilizing the conjugate, and to wick the conjugate-carrying buffer solution to the

second zone 33”. The second (test) zone 33” is preferably printed with a test line 50” having
immobilized antigens or antibodies (depending on whether the test cell is designed to test for
the presence of antibodies or antigens) on the membrane as is well known in the art. The test
line 50” may be seen through the window 28 of clear plastic provided in the housing. The
third zone 617 (sometimes also called a filter zone) is located at the second.hole 26”, is
perpendicular to the strip defined by the first and second zones, and extends to the second zone
33”. An optional fourth zone 35 (sometimes called a control zone) may also be printed with a
control line 60 typically containing antibodies to the conjugate antigens (or in some cases
antibodies which will bind to conjugate antibodies, or even antigens which will bind to
conjugate antibodies) as is well known in the art. Where the fourth zone 35” is provided,
window 28” extends above the control line 60”. If desired, an optional fifth zone 37”
(sometimes called a reservoir zone) may be provided as a wicking reservoir as is also well
known in the art. The fifth zone 37" includes a relatively thicker absorbent paper. Preferably
underlying all of the zones is a thin plastic film having an adhesive which keeps the sorbent

materials in place.



perpendicular to the strip defined by the first and second zones, and
extends to the second zone 33". An optional fourth zone 35" (sonetines
called a control zone) nay also be printed with a control |ine 60"

typically containing antibodies to the conjugate anti gen?g&%mﬁﬂggﬂ%m cases

anti bodi es Wih2a96038131l bi nd to conjugate anti bodi es, s whi ch

wll bind to conjugate anti bodies) addis well known in the art. Were the

fourth zone 35" is provided, w ndow 28" extends above the control |ine 60".
If desired, an optional fifth zone 37" (sonetimes called a reservoir zone)
may be provided as a w cki ng reservoir as is also well known in the art.
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zones are not in fluid conmunication with each other except via the second

(test) zodethee@ed(testirzoneng now to Figure 6, an i munoassay device test cell
110 is provided and includes: a +-shaped housing 120 having a top wal | 121
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the first efpéh&cmaﬂﬂ@ﬁgaMimeaomga TR@Adorbamikatdrdd 166 Qimidemaea@ad“loed a
test zone) Wmch Is |ocated at the | unctlon of the "+". The first zone 131
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and i mobi | iz rane ty romnitrocell ul ose.
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buffer s %logé 1 AN pre{%ra%?y mglC tcl::st ahF Itecr,o 2 nigaﬁ[oer nw he%njr{lgatt)tlellbg hgﬁngt cri]e%xred
antigens or antibodies with attached colored markers is deposited and immobilized, and a thin
membrane typically made from nitrocellulose. The first zone 131 is adapted to receive a buffer
solution, to cause the buffer solution to contact the conjugate, thereby mobilizing the
conjugate, and to wick the conjugate-carrying buffer solution to the second ione 133, The

{ second (test) zone 133 is preferably printed with a test line 150 having immobilized antigens or

antibodies (depending on whether the test cell is designed to test for the presence of antibodies
or antigens) on the membrane as is well known in the art. The test line 150 may be seen
through the window 128 of clear plastic provided in the housing. An optional third zone 135
(sometimes called a control zone) may also be printed with a control line 160 typically
containing antibodies to the conjugate antigens (or in some cases antibodies which will bind to
conjugate antibodies, or even antigens which will bind to conjugate antibodies) as is well
known in the art. Where the third zone 135 is provided, window 128 extends above the control
line 160. If desired, an optional fourth zone 137 (sometimes called a reservoir zone) may be
provided as a wicking reservoir as is also well known in the art. The fourth zone 137 includes
a relatively thicker absorbent paper. Preferably overlying the zones {in a manner such as seen

in Fig. 1A) is a thin plastic film having an adhesive which keeps the sorbent materials in place.



conjugate, and to wick the conjugate-carrying buffer solution to the second
zone 133. The ( second (test) zone 133 is preferably printed with a test

|l i ne 150 having i nmobilized antigens or antibodi es (dependi ng on whet her
the test cell is designed to test for the presence of antibodies or

anti gens) owotoge®ebrane as is well known in the art. THE/WLHW/FAE 150 may
be seen through the wi ndow 128 of clewr plastic provided in the housing. An
optional third zone 135 (sonetines called a control zone) may al so be

printed with a control line 160 typically containing antibodies to the
conjugate antigens (or in some cases antibodies which wll bind to
conj ugate antibodies, or even antigens which will bind to conjugate

anti bodi eqpO64] i SThesetondkobent mateiidld 32 kiay aldb & enadh Groin' plorationsf rdérials
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zone 137 incl udes atively thicker a ent paper. Preferably
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The fourth zone 137 includes a relatively thicker absorbent paper.
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zone 63 of second sorbent material 32. The two test lines 50A and 50B preferably include

different immobilized antigens or antibodies. For example, one of the lines (e.g., line 50A)
could include HIV1 peptides and/or recombinant antigens such as gp41/gp120, while the other
line (e.g., line S50B) could include HIV2 peptides and/or recombinant antigens such as gp36.
As another example, one of the lines could include HIV1, HIV2, or HIV1/2 peptides and/or
recombinant antigens, while the other line includes tuberculosis antigens. As discussed below,
where the test lines include immobilized antibodies or antigens that will not bind to a single
conjugate (such as Protein A), it may be desirable to use a plurality of different conjugates
having desired antigens or antibodies with attached colored markers. Those skilled in the art
will appreciate that the immunoassay test cell 10c of Fig. 7 may be used in the same manner
and functions substantially the same as the test cell 10 of Fig. 1, except that a “positive” test
indicating the presence of a first antibody (or antigen) being tested in the sample is obtained
when test line 50A and the control site 60 show lines of color; a “positive” test indicating the
presence of a second antibody (or antigen) being tested in the sample is obtained when test line

50B and the control site 60 show lines of color; and a “positive” test indicating the presence of



that two test lines 50A and 50B are printed on zone 33 of first sorbent
material 30 and/or on zone 63 of second sorbent material 32. The two test
| i nes 50A and 50B preferably include different inmobilized antigens or

anti bodi es. For exanple, one of the lines (e.g., line 50A) could include
H V 1 pepti WB20860981 r econbi nant anti gens such as gp41/ §6TAS2006(p(18688 t he
other line (e.g., line 50B) could incPide H V2 peptides and/or reconbi nant

antigens such as gp36. As another exanple, one of the lines could include
HV 1, H V2, or HYV 1/2 peptides and/or reconbinant antigens, while the
other line includes tuberculosis antigens. As discussed below, where the
test lines include i mobilized antibodies or anti gens that will not bind to
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conjugate 39B bcmg a latex conjugated to p24 monoclonal which will bind to the p24 antigen

in the sample, if present, but will not bind to the HIV1 and HIV2 peptides and/or recombinant
antigens. As shown in Fig 8, the conjugates 39A and 39B are located at different locations of

(./ the migration path (e.g., on two portions of a single pad, or on two connected pads). However,
it will be appreciated that the conjugates 39A and 39B may be applied fo the same location as 2
mixture. Those skilled in the art will appreciate that the immunoassay test cell 10d of Fig. 8
may be used in the same manner and functions substantially the same as the test cell 10 of Fig,
1, except that a “positive” test for HIV is indicated by the visibility of color at one or more of
lines 50A, 50B, 50C, and at control line 60, a “negative” test is indicated by the visibility of
color at control line 60 only, and an “invalid” test is indicated when no color appears at control
line 60.

[0067] A ninth embodiment of the invention is seen in Fig. 9. In Figs. 1, 1A, 1B and 9,
like numbers are used for like elements, Thus, it will be appreciated that the primary difference
between the ninth embodiment of Fig. 9 and the first embodiment of Figs. 1, 1A, and 1B is that

the second sorbent material 32 includes a first zone 61’ (sometimes called a filter zone)



and/ or reconbi nant antigens such as gp4l/gpl 20, while the third line (e.qg.,
line 50C) could include H V2 peptides and/or reconbi nant antigens such as
gp36. In this case, two conjugates 39A, 39B are provided, with conjugate
39A being a | atex conjugate with protein A which will bind to HV 1 and

HI V2 anti bogiemeshdorddr €sent, but will not bind to the p2écpabiod6ssssand
conjugate 39B being a | atex conjugatedii o p24 nonocl onal which wll bind to
the p24 antigen in the sanple, if present, but will not bind to the HV I
and H V2 peptides and/or reconbinant antigens. As shown in Fig 8, the
conjugates 39A and 39B are located at different |ocations of the mgration
path (e.g., on two portions of a single pad, or on t wo connect ed pads).
However , a c aqa‘?‘ﬁ be
applied to EFtvhgl S@%G{%ﬁéﬁ?&ﬁﬁfg@‘ﬁ?@%&gﬂer@e ose 8 1'n the art wil |
appr eci at einteniat bibdieg agmtnfmﬂm&matkeétandehé tettzﬁnblufsaﬁcsglmSSO ofign imgnehikzgdi n t he

same mann nd fupct. an bs antla as. the test .c f Fig.
T except  iAdpe aee ol RAURE bt re AR AR p R B R T ef o
col or at o#slitgto mcﬁvajr binldi eR&Em Bl Avel 130 Bachhlier. m &jr eraifiple Othe Iritétin 6idding
"negative" test is indicated by the visjibili tfy col or  at ﬁlgntrol | i ne 60
only, and %&ffnt IPt%%ﬂ bigtin angthe jrympbilized-hinding wesnt mey bosesptayjdin 4

cariugattt r ol
i ne 60. | 9. In
T b by e Ay 3 St |

will be apmgdsawmah isthound teebiptin. nikgwige, fthecrojugate 3gdn tcledmfﬁehmlgtattmtpath is

enmbodi nent _ 0 and. t he first .enmbaodi of Fi t hat
Ehe. secondPisTbed It R toneae Wi SRR s £ Bpfiont aithogf Wpitul?

call ed a fbihdl & the ertizen YEONREH/ 099191 PCTI U82006/ 008688 17 having a filter
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detect a p%‘blc\fdnr\b'ﬁch & bdaiPlo% p2& monoclonal antibody which in turn is bound to a p24 antigen.

Buffer is then added to the first sorbent material 31. The buffer carries the latex marker —

monoclonal antibody conjugate 39 to the test area 33 where the monoclonal antibody of the
conjugate 39 binds to the p24 antigen held at the already present complex, thereby presenting a
colored line due to the marker. If no antigen is present in the sample, the biotin — p24
monoclonal antibody conjugate 39”” will still bind to the streptavidin, leaving a complex of
streptavidin, biotin, and p24 monoclonal antibody at the test line. However, when the latex
marker monoclonal antibody conjugate 39 reaches the test area, the monoclonal antibody wiil
have no antigen with which to bind. Thus, no marker conjugate 39 will be held at the test line

50, and a “negative” test will be registered.

[0069] It will be appreciated by those skilled in the art that the system of Fig. 9 provides a
major advantage over traditional lateral flow systems of the art due to the high affinity of the
interim binding agent (e.g., biotin) and the immobilized binding agent (e.g., streptavidin)

which results in an extremely sensitive test.

[0070] Turning now to Fig, 10, an immunoassay test kit 200 is provided and includes a
lancet 201, a buffer pack 202, a loop 203, an alcohol wipe 204, an adhesive bandage 205, and a



first added to the second sorbent material 32"'. Wen the sanpl e reaches the
p24 nonocl onal antibody - biotin conjugate 39"', the p24 antigen (virus),

if present in the sanple, will bind wth the p24 m)nocl onal anti body -
biotin conjugate, and will mgrate to the test area 63"" of Stl‘lﬁp

where the bW&#OPﬁ’%Pls‘II be captured by the streptavidin at PERHESIEET sfﬁsne 50

| ocated on strip 32"' and/or on strip'¥1. Thus, the test line 50 will have
a conplex of streptavidin bound to biotin which is bound to a p24

nonocl onal antibody which in turn is bound to a p24 antigen. Buffer is then
added to the first sorbent material 31. The buffer carries the |atex marker
- nonocl onal anti body conjugate 39 to the test area 33 where the nonocl onal
ant i body dfst tiéwdice ardest aglh2 b). thetieshdell 210 is hignilepth thertestyeslls hEthd offter t he al r eady

present cq h b col ored i r.k If no
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Thus no marker conjudgate 39 w | be held at the test line 50, and
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the i ntetwoaid p‘l@felﬂ@lyiﬂﬁe& or(fang;oneshandtmay)beamdietﬁ‘hm a phuedlity bfeatelialndAfigstagent
(e.g., stre vi din h. results i.n an extrenel |t| etest 0070]
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a( lancet cRAds 18 aldiRlz0Re el B0 tifcd AR 203208 ieORbeathap 1R dnctitilof
adhesi ve bandage 006/ 099191 PCT/ US2006/ 008688 18 test device

or test cé“TiQ. heﬁmét 29@323 Lquplerabbonglodesiilicnra 26 oniee in Bbich SepSLwH Z¥he
other . emhadbRRRa aliddls GPLLBRRLXRERIIADEANER A £30R0RE dhpacki ng 215

which is prov ousT Ngy paper ‘covers 17b, 217c
whi ch ar e immobilided) aﬂ&eﬁrsxportmns)f a i tembsane for diBers of btbntouﬁrﬁiammaalaﬂ Arr ow
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particul aﬁh%btedtt@%ce%'a\'bl@épsdlﬁ‘tﬁnuﬂﬁc%ﬁé thé bufe?doRAER eonficP@B tofhgdd, bul ous
materials 2 defini ng per pendi cul ar hori zontal flow paths. The first

sorbent méesgblyanobiliging ﬁi@lcgm@gatatanﬂ &awick thegoningatepanyimgdifipr sdwtion tothet our
zones and s&Bd¥d Q&e%g.e t1645% aapd}hbjl{ 8‘1l thE y:rs%oﬂg% Fyia c@flf coxéréd ﬁf& paper cover

217a. The second (test) zone 233 includes a second portion of the thin membrane 230 which is
preferably printed with one or more test lines (one shown) 250 having imnmobilized antigens or
antibodies (e.g., gp41/gp120 and gp36 peptides for the detection of HIV1/2) on the membrane

(-' as is well known in the art. The sorbent material at the test line 250 may be uncovered or
covered by a clear plastic cover (not shown). An optional third zone 235 (sometimes called a
control zone) which includes a third portion of the thin membrane 230 may also be printed
with a control line 260 typically containing antibodies to the conjugate antigens (or in some
cases antibodies which will bind to conjugate antibodies, or even antigens which will bind to
conjugate antibodies) as is well known in the art. The third zone may likewise be left
uncovered or covered by a clear plastic cover. If desired, an optional fourth zone 237
(sometimes called a reservoir zone) may be provided as a wicking reservoir as is also well
known in the art. The fourth zone 237 includes a relatively thicker absorbent paper, and may
be covered by cover 217b. Preferably underlying zones 231, 235, and 237 is a thin adhesive
strip (not shown) which keeps the sorbent materials in place. The adhesive strip is laid down
atop the cardboard 215,



zone 231 (sonetinmes called a filter zone) is located at one end of the first
sorbent material and C extends to a second zone 233 (sonetines called a test
zone) which is located at the junction of the "T". The first zone 231
preferably includes a filter, a pad on or in which a conjugate 239 having
desi red ant ivgepme/pgorAant i bodies with attached col ored nar lperascmerdmpsssi t ed
and immbilized, and a first portion a$# a thin nenbrane or sorbent or

bi bul ous nmaterial 230 typically nade fromnitrocellulose with a plastic
backi ng (not shown). The first zone 231 is adapted to receive a buffer
solution, to cause the buffer solution to contact the conjugate, thereby
nmobi li zing the conjugate, and to wick the conjugate-carrying buffer solution

to the sepw7qd] ZoTRe ddnd Nrbérdafterial R8I fnPhls®be e frbmSd plaRHEy dfndiatiiscal | y
covered by a paper cover 217a. The secondt_(test) zone 233 includes a second
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preferably includes two zones 261, 263. The first zone 261 (sonetines called

a filter FWH@) i Hovillbesvpretiateddhat ghe tpshdevie2 19ref Fig. 110 can bpmodified todssumeg hi n
menbrane o e r DI S ' : | |y made from
nitrocell uﬁnﬁgﬂ% {bﬁﬁg‘”égé‘ﬁsfﬂr%?{B‘m%ﬁ%%l@%% ?4&#1%?{5.2%% 261 extends to

t he second zone 263. At |east a portion of the first zone is typically
covered by[0073] A user uses the test kit of Fig. 10 by opening a blister pack (not shown) containing

all of the kit elements, removing a paper cover (if provided) from the test device 210, opening
the alcohol wipe package and wiping his/her finger with the alcohol wipe 204, taking the
lancet 201 and pricking his/her wiped finger in order to draw blood. Then, preferably using
the loop 203, the user gathers a drop of blood (e.g., 5 microliters) and places the drop of blood
onto the non-covered portion of zone 261 of the second sorbent material 232. The user may
then open the adhesive bandage package and place the adhesive bandage 205 over the pricked
finger. The user then opens the buffer pack 202 and squeezes one drop (e.g., 30 microliters) of
buffer onto the same location as the blood in zone 261. After waiting a desirable amount of
time (e.g., 5 minutes) for the blood to migrate to the test zone 263, the user adds to two drops
(e.g., 60 microliters) of buffer to the first zone 231 of the first sorbent material 230. After
waiting a desirable amount of time (e.g., 7 minutes) after the buffer was added to zone 231, the
test line 250 and control line 260 are viewed. A “positive” test is indicated by the appearance
of color at both the test line 250 and the control line 260. A “negative” test is indicated by the
appearance of color at the control line 260 and no color at the test line 250. If no color appears

at the control line 260, the results of the test are invalid.



a paper cover 217c. The second zone 263 includes a second portion of the
thin Menbrane 232 which is in contact with the second zone 233 of the first
sorbent material 230. The second sorbent material 232 underlies the first
sorbent material 230 such that the nenbranes are in contact with each other
and such t h¥¥008&09¢Ht |ine 250 is effectively | ocated b@CRASAI0HPBS6SS
menbranes. Thus, test line 250 could b@%printed on the second zone 263 of
the second sorbent material 232 instead of, or in addition to the second
zone 233 of the first sorbent material 230. Preferably underlying zones 261
and 263 is_a_thin adhesive strip (not shown) which keeps the  second sorbent

mat eri al i KOSk CceAcomding dep atiey embadiments of theinyentioRningieahof Mevidingasar d 215.
. . _ : . :
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Often, the nitrocellulose or other sorbent materials will be provided with a thin non-porous

inert plastic backing as previously described.

[0077] Thus, according to yet additional embodiments of the invention, the materials,
thicknesses and lengths of the first and second sorbent materials are chosen to adjust the timing
regarding the liquid sample and liquid buffer (or buffer-conjugate subsystem) reaching the test
site. By providing separate migration paths for the sample/analyte and the buffer or buffer-

conjugate subsystem, the materials may also be chosen to enhance sensitivity of the system,

[0078] In a similar vein, it will be appreciated that the sorbent material can be shaped in
any of many manners and take any of many dimensions as is known in the art. Thus, in order
to help expedite wicking, the sorbent material can be key-shaped with the strip having smaller
width at the first hole which receives the buffer solution and at the test site and control site,
and a wider width at a reservoir zone. Such an arrangement is shown in U.S, Patent
#5,989,921 to Charlton et al., which is hereby incorporated by reference in its entirety herein.
In any event, generally, the test strip will be substantially greater in length than in width, and



subsystemis utilized, and the conjugate pad (3 |b - Fig. 1A is not
required such that the thin nitrocellulose strip or other sorbent materi al
may be coupled directly to the filter (31 a - Fig. 1A). Thus, after the
sanpl e has been deposited in the second hole in the housing and permtted
to mgrate @@ fobgoshpit site, the buffer-conjugate subsysPenus®ocwpessi ted i n
the first bole in the housing and |ikew se permtted to mgrate to the test
site. [0075] According to further enbodi ments of the invention, instead of
the view ng wi ndow being provided in the top of the housing, a windowis
provided in the bottomof the housing. [0076] It wll be appreciated by
those skilled in the art that the enbodinents of the invention may be
real i zed usibsigntiatipyredief frewiith them irsthichhess. Indeedeinaatdast, cetthin esuboliamints of the
ipert fil sheet,

material (s), which typjically, include Y thin,.i trip,

or rrenbrané‘esﬁ_ﬁ nlS"émOg’& ffe et %%‘??F%qnsg@ﬁg er-hit} {Cf» 'E)ﬁ'ﬁb@‘:kiﬂ_ ca, or
from e.g. suffidi&h9 RARSHSenPSuchtidt Q6 18 hPEontrd MRS o e b¥Vedta ThioadH the fest OF
conbi nati ons thereof. Many types of suitable nmaterials and conbi nations

t hereof ar®rPlescribed in U S. Patent #4,960,691 to Gordon et al. and U.S.
Patent #4,956,275 to Zuk et al. which are both hereby incorporated by

reference (,l\Jn!Ol'l?Pei Fuﬁ{é},itgig&vﬁmﬁxtghangfﬂ%eﬁsﬂrbemﬁat&iiél CRCEL {ntkloPsifd A anQpBPlaterAlr Dent

mat eri al s be provi I'n non-porous inert plastic backing as
pr evi ous| yflofe platfotie wheteGgzatjonThelded podymerds prgvided wish nzioedpillass shichrebehlé nent s

of the inventiaon, .the terials thi.ckness d_lLengths, of .t fijrst and
second sor%ﬁttcoﬂg?leqyf%ﬁw E}’ga&(ﬂ&t%ﬁ?%hﬁa‘ﬁfﬂ%%’ fal% ef‘?‘#\gﬂ‘53ta?ceegbaep'§eleﬁ&1 % he

li qui d sanpillgrs.apgchl d slafetmbishdnginlly ades hefshae neefhlpate wubiay st} sreaehi ng t he
test site. By providing separate mgration path fgr t he sanpl e/ angl, te and
t he bufferwlﬁ’?‘msﬂqt%?ala‘l‘g‘ﬁjseﬂﬂé’b’e“@\? of Eppsalan 8WRERTe PFGICS- KW AHGSSH S o5 en

to enhance Itk W ;&{flﬁ b ivehiebd t W1 be
appr eci at et&%?ﬁﬁt%ﬂ:ﬂe&%ég?fgl nt nn%??rei%giller%ﬂ n bgdagéhﬂgptg%&?ﬁr?b hgﬁsyyggl??ynany manner s
and take aeopsigéredrthey windesishongh sbichshedasswnd controhbnesfsites Mayibe viewedr der to

hel p expedite wi cking, the sorbent material can be key-shaped wth the strip

havi ; : I : : .
and af tnelto8l) SiipitBle belbpldclably (8 ofpoliof Mob SRS NRSAT pRE biluradh 1 O
zone. Such(ean pregnamcye HEVi! tubsrewbsisuT B)npridnSurideadnelysis/dinty, 8rdlj@ 2arkars, Ciseet t on et

al., which is hereby incorporated by, refer e Lhits entiret ereln. In
any event, i ) g ’| engt
Vent , TRy GrEys G Aegt thfet (T Salteiznd, MG K A8 engt
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greater in_wdth than in thickness. Indeed, in at |east certain enbodi ments
of the FIV, FeLV, and heartworm), the antibody (or antigen) of interest will be different, and

therefore the antigen (or antibody) used in the test strip will need to be tailored accordingly.

Likewise, the antigen or antibody of the conjugate will need to be tailored accordingly. In

some cases (such as HIV), the identical antigen may be utilized in the test strip as in the

conjugate, as the binding site of the HIV antibody will bind with the HIV antigen at the test

site and still provide additional binding sites for binding to the antigen-conjugate, while in

other cases, different antigens might be required. Similarly, it will be appreciated that

depending upon the type of test being constructed, the control site, where provided, will need

to be tailored accordingly. Thus, for example, in an HIV antibody detection test, where the

ligand being identified in the test zone will be the HIV 1 and/or HIV2 antibodies, the antigen

in the test zone can be a mixture of HIV 1 (e.g., gp41/gp120) and HIV 2 (gp36) peptides

and/or recombinant antigens. The conjugate can be a colored latex or colloidal gold

conjugated to protein A, Protein A/G, anti-human IgG/IgM, peptides or recombinant antigens.

[0081] It will also be appreciated by those skilled in the art that the marker of the conjugate
may take many forms including different types of metal sols, a colored latex, any of various

enzymes, etc. While the preferred embodiment of the invention provides a detection signal



present invention, the strip at the test zone should be paper-thin (e.qg.,
.Immthick) and sufficiently translucent such that the test and control

| ines can easily be seen through the test strip. [0079] Further, the

housi ng and the sorbent nmaterial can be integrated in an open lateral flow
pl at f or m whWPR0e6M988L i on ol ded pol ymer_is provi ded wit hPRTEPIIHIBIBE, s whi ch
enabl e exact control over flow by varﬁ ng the height, dianeter, shape
and/ or di stance between the pillars. Such a platformessentially uses the
same material for the housing and the sorbent wcking material and is sold
by Am c AB of Uppsala, Sweden. See, e.g., ww. am c.se. Since the injection

nol ded pol r be generally tr arent, e entire, housi ng may be
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present in order to be detected. This is in contrast to the iraditional lateral flow HIV test

systems where all human IgG (including HIV antibodies) in the blood sample will bind to the
protein A before migration to the test line, because protein A binds non-specifically all IgG.

( Thus, the entire protein A, IgG, gold/latex complex will migrate to the test line which contains
the HIV antigens. Only the HIV antibodies, protein A, gold/latex conjugates will then bind to
the HIV antigens. However, because of the large amount of non-related IgG in the samples
and the small amount of HIV antibodies present, there 15 a risk that not enough HIV antibodies

will bind to the protein A, and the colored line will not be visible.

[0083] The increased sensitivity of the invention was tested by comparing TB
immunoassays of the invention (*New Generation™) substantially as shown in Fig. 10 against
standard fast test TB immunoassays (TB Stat-Pak II). Sixteen samples were generated, with
two samples at each of eight different levels of antibody (32 U/ml, 8 U/ml, 2 U/ml, 1 U/ml, 1/2
Ufml, 1/4 U/ml, 1/8 U/ml, and a control of 0 U/ml. The results of the comparison testing is
seen in Fig. 11, with the immunoassays of the invention showing at least an eight-fold increase

in sensitivity relative to the standard prior art tests (i.e., a positive result being detected at 1/4



22 readily visible to the unaided eye, it will be appreciated that the

I nventi on enconpasses other markers which can be detectible by ultraviol et
radi ati on or other techniques such a fluoroscopy. Thus, it will be '
appreciated that a systemenploying the test cells of the invention which
are read by wo2aisa®mti c reader such as a fluoroscopi c orcenzRécahbossssader can
be provided. [0082] The present inventzson provides inproved sensitivity

wi t hout conmprising the specificity of the assay. The main reasons for the
sensitivity inprovenent are an inproved mgration of the sanple to the test
zone due to the distinct mgration path, and the effective binding of the
analyte to the binding site in the test zone prior to the reaction of the
conj ugat ed UiniBfokthe imiruRodskey dfelid inention GRAERIqa¥stiolable xalobéig detacteda 20dag of
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the HI'V antigens imuobilized in the test zone. Wien buffer solution is added
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showed a false-positive rate of less than 1 percent.

[0085] Itis believed that the immunoassay test strip devices of the invention can provide
decreased assay times relative to the devices of the prior art. In particular, it is known that
blood, feces or saliva will migrate very slowly in the conventional chromatographic strip tests.
However, in the immunoassay assay test strip devices of the invention, since a separate
migration path is provided for the sample, the sorbent material utilized may be selected
specifically relative to the test of interest in order to permit quick migration without concern
relative to the conjugate migration, and therefore the assay time can be very fast relative to the
prior art. For example, the first sorbent material 30, 30, 30”, 130, 230 may be made of
material having relatively small pores (by way of example and not limitation, less than 20
microns, and more preferably 3 to 15 microns), while the second sorbent material 32, 32°, 327,
132, 232, may be made of material having relatively larger pores (by way of example and not
limitation, more than 20 microns, and more preferably 25-40 microns). In this manner, the
sample with the analyte will be able to more easily migrate down its path, while at the same
time, a highly sensitive test strip line is provided on the relatively small-pored first sorbent

material. In addition, as previously mentioned, by providing the second sorbent material with



seen in Fig. 11, with the i nmunoassays of the invention show ng at |east an
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bacteria in the sample are applied (after filtering) directly to the test site, and immobilized
there, while the marker conjugate is free to migrate without the sample to the test site. When
the marker conjugate reaches the test site, bacteria already captured by the immobilized

( antibody in the test site will bind to the conjugate. Thus, the system of the present invention is

extremely sensitive and specific.

[0089] Yet another advantage of the invention is the ability to provide tests for multiple
infectious diseases with high sensitivity and without compromising specificity due 1o the cross-
reactivity or decrease of sensitivity of multiple analytes when they have been printed as
separate lines in a test zone. In particular, in traditional lateral flow assays, the sample and
conjugate migrate together. If multiple test lines are provided in prior art devices, each line
may retain analyte or cross-react with analyte so that the visible result at the following lines
gets weaker and weaker. In contrast, with the present invention, samples containing several
analytes will migrate to the test zone without the conjugate and will reach several lines at the
same time, Thus, the analytes can bind equally to the several lines so that the same level of

sensitivity can be maintained. Then, the conjugate is introduced in a distinct migration path



132, 232, may be made of material having relatively |larger pores (by way of
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the sample to one sorbent strip, and providing buffer to the other sorbent strip can vary

depending upon the viscosity of the sample and various attributes of the sorbent strip receiving
the sample, including, e.g., pore size and strip length. Thus, typically, instructions will be
included with the test device instructing the user to wait a predetermined amount of time
(e.g..five minutes) after adding the sample (and optional buffer solution) to one strip, to add
the buffer solution to the other strip. In order to obtain optimal results in the highest
percentage of cases, the wait time is chosen to be substantially greater than what is actually
needed. Thus, in accord with another aspect of the invention, in order to reduce wait time,
visible food coloring or other water soluble dye is provided at the test site of any of the
previously described embodiments of the invention. When the sample and optional buffer are
provided to the test device, upon the sample migrating to the test site, the dye at the test site
becomes diluted and disappears to the naked eye, thereby providing a visible indicator that the
buffer may properly be added to the other strip without affecting the efficacy of the test.

[0092]  With a test device provided with visible dye at the test site, the user is instructed to
add the buffer solution after the color disappears at the test site. Thus, according to one

method of the invention, a test device for determining the presence of a ligand in a liquid



separate lines in a test zone. In particular, in traditional lateral flow
assays, the sanple and conjugate mgrate together. If nultiple test lines
are provided in prior art devices, each line may retain analyte or
cross-react with analyte so that the visible result at the follow ng |ines
gets weaker WAhMO&R8Kr . | n contrast, with the present inPEFUSHACOSERDI es

contai ning several analytes will migrdte to the test zone w thout the
conjugate and will reach several lines at the sanme tine. Thus, the anal ytes
can bind equally to the several lines so that the sane |evel of sensitivity
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cases, the wait time is chosen to be substantially greater than what is
actual | y (eg., green) so that it is visible.

[0094] The apparatus shown in Fig. 13A is utilized by adding preferably approximately 10

ul of serum or blood to the sample well marked S+B. Then, as seen in Fig, 13B, preferably
approximately 30 pl of buffer is added to the same sample well. Migration of the sample
(typically with the help of the buffer) to the test zone will cause the dye at the test and control
lines to dissipate. Disappearance of the dye from the lines confirms that the sample has

reached the fest area. At that time, and as shown in Fig, 13C, preferably approximately 90 ul

of buffer is added to the opening marked B in order to cause migration of a conjugate marker

to the test area. After a period of time, results may be read. Four examples of resulis are seen

in Figs. 13D-13G. In Fig. 13D, only the control line C is seen, thereby indicating a valid result
that the sample tested negatively for HIV1 and HIV2 antibodies. In Fig. 13E, the control line

and lines 1, 2, 3, and 4 are seen, thereby indicating a valid result that the sample tested

positively for four different HIV1 type antibodies but negatively for HIV2 type antibodies. In
Fig. 13F, the control line and line 5 are seen, thereby indicating a valid result that the sample
tested positively for HIV2 type antibodies but negatively for the four different HIV1 type
antibodies, In Fig. 13G, the control line and all lines 1-5 are seen, thereby indicating a valid



needed. Thus, in accord with another aspect of the invention, in order to
reduce wait time, visible food coloring or other water soluble dye is
provided at the test site of any of the previously described enbodi nents of -
the invention. Wen the sanple and optional buffer are provided to the test

devi ce, UpPORyd BiReHRRI € mgrating to the test site, the dggysiooétigedsest site
becones diluted and di sappears to the naked eye, thereby providing a visible

indicator that the buffer may properly be added to the other strip wthout
affecting the efficacy of the test. [0092] Wth a test device provided with
visible dye at the test site, the user is instructed to add the buffer
solution after the col or disappears at the test site. Thus, according to one
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first of the five openings is marked S+B and is provided to receive a test sample plus buffer. A
second of the five openings is marked B and is provided for receiving additional buffer. A
third of the five openings is marked T and corresponds to a test line having all of the HIV
antigens or peptides contained in the fourth window, The fourth of thé five openings is
marked with numbers 1, 2, 3, 4, and 5 and is provided with test lines corresponding with five
different HIV antigens or peptides (preferably p24, gp41, gp120, gp160, and gp36
respectively). A fifth opening marked C is provided with the control line. Test lines appearing
in the second and third openings are provided with a color dye (e.g., blue) so that they are
visible. The control line appearing in the fourth opening is also provided with a color dye

(e.g., green) so that it is visible.

[0097]  The screening/confirmatory test product of Figs. 15A-15G is utilized in the same
manner as that of the product of Figs. 13A-13G. The difference between the products is that
the third window T provides a screening result which is digital; i.e., a yes or no answer to the
sample containing HIV antibodies. In particular, because test line T contains a combination of
all of the antigens or peptides provided on the test lines 1-5, it will be observable if any of the

other test lines 1-5 is observed, The test lines 1-5 provide detail to the stated result; i.e., which



(typically with the help of the buffer) to the test zone will cause the dye
at the test and control I|ines to dissipate. Di sappearance of the dye from
the lines confirnms that the sanple has reached the test area. At that tine,
and as shown in Fig. 13C, preferably approximately 90 I of buffer is added
to the openWBOREPORVE B in order to cause nmigration of aPEHHPIHWESEar ker
to the test area. After a period of tif, results may be read. Four exanples
of results are seen in Figs. 13D-13G In Fig. 13D, only the control line C
Is seen, thereby indicating a valid result that the sanple tested
negatively for HVI and H V2 antibodies. In Fig. 13E, the control Iine and
lines 1, HIV} antbudlybr anitbosiées s/art deteetbd, ahd dihethed angHEBY Yaltibddy asbletn ddveatedt he
sanple tested positively for four different H V1 type anti bodi es but

negati vel HI V2 nt i | es. 13F he cont | ne nd l'ine
5 gre seei‘)éﬁer tlﬁ‘gelég Ogt lﬁsﬂ?P‘g‘éﬂq‘fﬂf&ﬁ‘é&s qttﬁ‘?énqgo??pﬁl@} 1)?
positivel bffh@ﬁmldhh{antapﬁeeam Fi@om@&h@wnnapmﬂianu%hy hﬁ@(ngb}i‘aIEGébh ﬁdﬂ‘citﬁargent

H VI type antibodies. In Fig he control line and all lines 1-5 are

seen, thepdaBydt ﬁW’élhﬂlFﬁgfnale\F@FlPEPW‘@(f%m%&aﬁ@Pﬁ%Zﬁ%ﬂ@%@W 27 result
that the % a@lé&ﬁ&aﬁugqgkttahﬁ Sirh tdsP [mésoﬂglc?%ﬂaé z?f’?ﬂttebwm]thé yaﬂﬁvl@faitingo‘j' es

and for type an I es I's note the control "Ii ne I S not
seen, t he prBYB foe BVt sntihodien (whlch bindwjsh éteqd4 astiges, ayd HEV2 gpe mtibiodieal so not ed

poci tive 1ok podsgeigiE o fleboBh tpd Bp e b 1Y ramgSaies Al JBC V7 ©

sanpl e d@B&r\ﬂl@Ie doawrs! dnd skdvmll uekelinds! infliebtingtd Vdlidres tithlthe sanfp¥P@staiptpolitidd es or

none. [0095] Figs. 14A-14G are cg&gom t e photograph/instructjonal diagrans
of an HN i?rﬁNdu 3&5‘?‘?‘84‘@ wiigh bind gviticthe gpdngipeny ap@negstive foy ether BRY1 migadies
1¢A-14G c Qﬁﬁﬁﬂdf‘és%?’ 46D sﬁéxﬂéobs&%@blé 5&}]&1}1 %ﬁ&'lgfs?@e&aﬁlﬁ,"eﬁd fHmapk that
i nstead o |ncor rating a p GsfTc cassette Wt w ndoWs, the test product

of Figs. lides idBatisg avalidysstivikh the cxpe teemng;msﬂiyo dorcHIV 100:i6pdifs which bisd- | 5G

are conposi. t.0 ph/in uct i onal H V., 1/.2

confi r mat 3?@}%?42%@4 %%43 W %ﬂ'ﬁafgsotgﬁeﬁﬂrﬁlﬂﬁwgﬁs W20t i 1 ze
a Vi si bl etypyeniBodiR’de Fid. ¢6E sﬁdW@obsB’ﬂ?ﬂ:l@ editiol BiRd ﬂfs!s/t'hhﬁ.%h fRhaedd Gibed, Mdicating
substantially the same as the product of Flrgéj 13A- 13G and is constructed
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except thgaljhe product of Figs. 15A-15Gis provided with a plastic cassette
housing with five openings or wi ndows instead of the four of the product of
Figs. 13A-13G A _{first of the five openings is narked S+B and is provided

to recei vEOWH es EXAMBLE bl Viest er. A second of the five openings is
marked B and is provided for receiving additional buffer. A

[00100] Preparation of strip 1 for receiving sample and buffer - A test strip for the
collection and transportation of the sample was prepared as follows. A nitrocelluiose
membrane (5 x 25 mam} of 20-30 micron pore size (Whatman Inc., USA) was laminated onto a
( plastic card. A sample pad of cellulose paper (S&S, Germany) was treated with PBS, 8.4 and
NP40 and attached to the nitrocellulose membrane. The same procedure was used to make

multiple test strips 1.

[0o101] Preparation of strip 2 for receiving buffer only and with conjugate zone
and test and control lines — A test strip for the detection of antibodies against HIV1 and
HIV2 was prepared as follows. Synthetic HIV1 peptides gp41, gp120 and synthetic HIV2
peptide gp36 were biotinylated and then mixed with Avidin (Zymed, Inc. USA). This cocktail
was filtered by a 0.2 micron filter and immobilized at a concentration of 0.25 — 0.50 mg/ml
onto a nitrocellulose membrane of 10-15 micron pore size (MDI Ltd., Ambella, India) to be
used as a test line using an ISO-Flow printer (Imagine Technology, Inc. USA). Protein A
(Zymed Inc., USA) of concentration 0.25 mg/ml was immobilized in the same manner to be

used as a control line, The membrane was dried for one hour at 37°C. The membrane was



third of the five openings is marked T and corresponds to a test |ine having
all of the HHV antigens or peptides contained in the fourth window. The

fourth of the five openings is marked with nunbers 1, 2, 3, 4, and 5 and'is
provided with test lines corresponding with five different H V antigens or

peptides (prvededosbdeyo1p24, gp4l, gpl20, gpl60, and gp36 mpesFARsdosm@Las) . A

fifth opening marked Cis provided withethe control |line. Test |ines
appearing in the second and third openings are provided with a col or dye
(e.g., blue) so that they are visible. The control |ine appearing in the

fourth opening is also provided with a color dye (e.g., green) so that it
is visible. (0097] The screening/confirmatory test product of Figs. 15A-15G

is utilizegeh mﬂﬁ@e&am&nmﬂa@ﬁﬂmﬁgm&t mfc @.@ %pmdmagat%afwﬂ@preﬂa?ﬁﬂsﬁfé The

di fference between the products is that wi ndow T provid
screeni ng #perapgpolyastehmaixfiAdstion, Ing. USA). aihg/eaﬁ\ms sntayadmwbrpr@t@ntm@yn?énpl e

Combrnat | ol Ys2) e Gl EciindaftaRA it Abitoi B BB AR o abEibpalAPIGHAD
1h5 t it t wi arld @B 60b$afp§3%dswié]ie fc:ry;gata;bLitffee(SOGmMéBBSr, 2’?5‘?1@ B84, YP3, Tweab2Br ved.
T es

2006/ 099195“%'#%‘1‘*;I @é@@éﬁ’b@‘%‘é@ LWE IE’E?%‘# W5, %?%W&%@Sm%ﬁrg&}ﬁo

det ected, aiih B sapipld e S&Btlhboaamﬁaﬂ 8 ARirkeI=8 (8 28 Inc.] Q&BBHy)h G
16A- 16E are pr%tt&?sr apﬁgﬁ)od_iL a(::(t ual test results obtai ﬁed on HV 1/39 di psti cks

of the i nveifopdilosamenbeaneiafagipdsto the ymingiecasdnThotame necednre wiaised teanakgp3e)
are seen, valid test with the sanple testing positive for H V2
type anti bogﬂigge%.'{;@&ps 6B shows observable control and first and fifth test
lines, indicating a valid test with the sanple testing positive for HV I
anti bodi es[0M02h bi n«tissel'nbly af Sérip 1 andrfitrig drin azassette V2 Strippe(7elx62ipogives  (whi ch

bi nd h th 6 d f h d

T6e shover DfadB o bR Ros s 3R ORHh 1 arRfard holon HhethooR ¥ S dcieals' T

with the spapkenglepdd, fgt Addohiryl€ines Rcinkhy. Ih@msugﬁﬁmpmcnht&ﬁmom th the
(0]

gp41 antigen, and negative for other H VI antibodies C and H V2 t
ant i bodi esPorHpRyof the prssstisnStrimb way plased sodbat ftapuched StriprZsat thesisstsite 106&%1 fourth

test |ineg;g %Hécﬂlg\ﬁéellﬁgﬁelaxgﬁﬂtﬂaﬂe %@é:&g%a Efnﬁ%éﬁﬁ%égulo% iR Dk Sirip. T Or

H V | antibodies gp4l an anti gens, and
negati ve f @he wpipar lov chsseftet Wibbshpemtimmmlﬂlgmr theys‘pmpbrmd lbu&'ﬁe gnd Witha 16E
shows observ bl e cop nd fisrst th |fthtes i ne i catkj,ng
Valtd eat MHeR avREls IR rR PakiRt isaht i it Shla b BEfom pBREBH IS e
ant i bodi escdssdttag The ediiesstocedure was used to make multiple assemblies (referred to below as

Chembio DPP (dual path platform) HIV1/2 assemblies.

[00103] Test procedure -~ 5 pl of serum/blood was added through the opening for the
sample and 1 drop (40-50 pl) of buffer (PBS, pH 8.5-9.5, Chicken serum, EDTA, Tween 20)
was immediately added to the through the same opening. After waiting one to two minutes
until the sample reached the test zone and the color lines (quality control) disappeared, three or
four drops (approximately 130-150 ul) of the same buffer were added through the opening for
the buffer. After fifteen minutes, test results were read. The appearance of two pink lines (test
and control) indicated a positive result. The appearance of a single band (control) indicated a

negative result. The appearance of no bands would indicate an invalid result.

[00104] Test results -- A commercial mixed HIV1 and HIV2 performance panel (PRZ-
204) from BBI Inc., USA, was tested in assemblies prepared and assembled as above with the

following results.



[0099] EXAMPLE 1- HIV test [00100] Preparation of strip |
sanple and buffer -- A test strip for the
the sanple was prepared as follows. A nitrocellul ose

of 20-30 micron pore size (Wuatnman Inc.,
card. A sanplOepet®99 cel | ul ose paper (S&S, Gernmany) wasPEFEHa08@03488h PBS,

8.4 and NP40 and attached to the nitrétellul ose nenbrane.
procedure was used to nake
strip 2 for receiving buffer only and with conjugate zone

for

recei vi ng

collection and transportation of
menbrane (5 x 25 mm)

USA) was |lamnated onto a plastic

multiple test strips 1.

The sane

[ 00101] Preparation of

and test and

control lines - A test strip for the detection of antibodies against HV I
and Hl V3 EtTC H V- ITpeptTdes—gp4l,gp 120 and
synt het i % PWQ{M pe and |tyefesd Xed| Bt jA1Avi diin
(Zymed, IL USA) . i tered by 310 2 mcronfil-ter and
i mobi | iz Blob D ng/m Blm!nlo a n| Abbetel | ul pse
menbr ane |of 10-15 hgd. iﬁg% d| a) to be wuseéd as
a test liine using a 6’1“% hno o ng. USA) .
Protein A (Zyned | f concent I iaBioeieh0. 25 {mg/ m was nmobi | i zed in
t he sane pranner—to-lb as con _I_Lna__lhej-nanbi-ane-wﬁs—du—ed#pr
one hour jat 37C. The rrenbrane 6/ 099191 Pﬂ% 82006/0b8§§8 29 then
| am nated'to a menbrhne backi ﬂ\é;)\%(SG&L IncP sEJSA). A ugate
prepared[USing a porous polyester matrix (Arstrom| Tnc. USAJT The pad S
sprayed \Mgth protei|nNAG(Zymed | NEtg. . USA)NEGat was | e@gg ugat ed| yeGh purphe
col |l oidall gold partlicles of approxinatelly 40 nm and QD 60 resuspended with
conjugat e buffer (50 mM PBS, sucrose, BSA, VPA, Tween 20) angd 4 dried at|37C
for one hdur. A testZstrip (7/2062m) wasNR epar ed l?@sattachl % he gol d
conj ugat ¢ pad, a sgnpte pad fﬁﬁ&Sﬁnb. ,GeTTmEmy ) and—a STk pag-—(S&S—tcd
Germany) | o the nijtyocellulo f@dganbrane ﬁ%g ached ﬂ?’dbhe | am card. The
sane pro¢edure was {used to make ol t i plie test_stri 2. [00102] Assenbly of
Strip 1 and Strip in a cassette - Strijp 2 (7.2x6¢2m1) was p|aced in the
bott om pqpﬁt of the classette witPlﬁ)Sits | aniB@8 e card|dNDt he bottmand the
Conj Ugat -S& pl € J}:‘J&ﬁl, i ahd —€-01t -ol—Hhres TaC—i—Jﬁ"T'd"ﬁ lIIClI St Ibp 1
was placed in the Hoftom port of th sette. p 1 wy aced s
that it Iguched Str%p 2 at the IP8§st Sit cation @H the n }t)(?%cel | ul ﬂ se
menbrane|of Strip I} touching the nitrocell ul ose nmenbrane of Strip 2.

7 1 POS POS IND POS

8 2 POS IND POS POS

9 1 POS POS IND POS

10 1 POS POS IND POS

. i1 2 POS POS POS POS

12 2 POS POS POS POS

13 1 POS POS IND POS

14 1 POS POS IND POS

15 2 POS IND IND POS

[00105] All samples were correctly detected by the Chembio DPP HIV 1/2 and the

ELIA 1/2 Abbott tests. Sample number 15 was indeterminate with both Wetern Blot tests as
interpreted using ASTPHLD/CDC criteria (MMWR Vol. 38 S-7 1989), but were positive with
the Chembio DPP HIV 1/2 and the ELIA 1/2 Abbott tests.



The top part of the cassette wth separate openings for the sanple and
buffer, and with a w ndow over the test and control site |ocation was then
pl aced onto the bottom portion of the cassette. The sane procedure was used-
to make nultiple assenblies (referred to below as Chenbio DPP (dual path
platform Hiwo ddogosdssendl i es. [00103] Test procedure - 5perRis2d6hosessd! ood
was added through the opening for the sganple and 1 drop (40-50 |) of buffer
(PBS, pH 8.5-9.5, Chicken serum EDTA, Tween 20) was immedi ately added to
the through the sanme opening. After waiting one to two mnutes wuntil the
sanpl e reached the test zone and the color lines (quality control)

di sappeared, three or four drops (approximately 130-150 |) of the sane

buf f er vver dt After fifteen

m nut es, (ﬂ%gsul [Esﬂv\girbel']?ga %bggtgiggrena?gﬁ%g&gélgm pink lines (test and
control) |nd| cated a positive result The appearance of a single band
(control) [MHi0Zht ed Eest devipas byvim Emmpldlwﬁh@r@ppdafmadmtlom ofiantibadiesagainal d

i ndi cat e ap,..i,nval j. ul Test .r lts, - A CO mxed HV 1
and H V2 péPrd ing Sﬁﬂ%? °PB ‘Q Xﬁasﬂogﬁféﬁy Oﬁtﬁ‘tmng rm‘%é’gh?ested in
assenbl i es RbMBRAR A SEFOE‘EB' BI), 35, 18pancontdntratitieof 1.0 giml ingeddafuhd s. WO
2006/ 099191 PCTI US2006/ 008688 30 PRZ- 204 H V Type Chenhi o Western Western

ELIA 1/2 B3V pepijesjagd momhétngihEBT%fGCme@B@tamg%ﬁr%P Payemdngiteshingptigcn 1

pos pos 5 B oo A S gt B (s ol (Y pTEBABR 1\ bos 6 2
POS | ND PObife@3binthafinda@BAROS:t laNiBnde@Bation of 0.05 mg/ml and immobilized at 0.5 pl/cm was

immobilized in the test area as well. Protein A diluted with PBS 7.4 concentration of 0.25

g
n

mg/ml was immobilized as the control line. Protein A/G (Pierce, USA) and anti-human IgM
(Sigma, USA) conjugated with purple colloidal gold particles of approximately 40 nm were
applied to the conjugate pad.

[00108] Test procedure -- The test procedure for the TB test was the same as for

Example 1 except that the sample volume was 10 pl of serum.

)

[00109] Test results — A total of 300 commercial TB samples (Zeptometrix Inc, USA)
were evaluated with the DPP TB test. All positive samples had a culture positive result but
some of the samples were smear negative and HIV co-infected. An overall sensitivity and

specificity of 75% and 90% respectively was achieved with this endemic samples.
[00110] EXAMPLE 3 - HIV confirmatory dipstick

[00111] Test devices in the form of confirmatory test strips for the detection of HIV1
and HIV2 antibodies were prepared as in Examplc 1. However Strip 1 and St{ip 2 were
attached using an adhesive (G&L Inc, USA) on a laminate card without any plastic housing
(i.e., a “dipstick™). Five different antigens HIV1 (p24, gp41, gp120, gpl60) and HIV2 (gp36)
were immobilized (0.25-0.50 mg/ml) as five different lines in the test area. These antigens
were recombinant, synthetic peptides and native antigens. Protein A diluted with PBS 7.4 toa
concentration of 0.25mg/ml was immaobilized as a control line. Protein A (Zymed, USA)
conjugated with purple colloidal gold particles of approximately 40 nm was sprayed on the

conjugate pad and used as the detection system.

[00112] Test procedure -- The test procedure was the same as Example 1 except that

sample volumes of 10 pl of serum were utilized.



10 1 POCS POS IND POCS 11 2 PCS PCS POS POs 12 2 POS POS POS POS 13 1 POS
POS IND POS 14 1 POS POCS IND POS 15 2 POS IND IND POS [00105] Al sanples
were correctly detected by the Chenbio DPP HV 1/2 and the ELIA 1/2 Abbott
tests. Sanple nunmber 15 was indetermnate with both Wetern Bl ot tests as

i nt er pr et edWPsAHHIRSTPHLD/ CDC criteria (MWR Vol . 38 S-7PCTSI006/808688ner e
positive with the Chenbio DPP IRV 1/23&nd the ELIA 1/2 Abbott tests. WO
2006/ 099191 PCT/ US2006/ 008688 31 [00106] EXAMPLE 2 - Mycobacterium
Tubercul osis (TB) [00107] Test devices as in Exanple 1 were prepared for
detection of antibodies against TB by nodifying Strip 2 only. Strip 2 was

nodi fi ed ai ni Il ure of T i i E , P10,
14, 16) a&hg?igncenﬁrgg ie%ﬁ(sf)-f- @9@@5%%15?%2@23%3@{%@%Iﬂﬁﬁ@%ggﬁ%@g@ and

| robi | i zilag WSKe adBTéragsmirbinedr8A Yandrt geibsatal with thid dssay. iTheaesults thowed¢hadbn t he
menbrane to produce a first test Jine (Ti). AS nd test Lin T2) of TB
anti gen LP%‘%HP&BP‘?#F&WM t‘ﬂ.&?%“ cogeﬁtg'riéfe‘ﬁ?”éit Bmpirsgad hﬁf#ooﬁld

| mobi | i Zegr@tatin Rith W S&BN&Fot ahd®PRI | i zed in the test area as well. Protein
A diluted with PBS 7.4 concentration of 0.25 ng/m was i mmobilized as the

control line. Protein A/G (Pierce, USA) and anti-human IgM (Sigma, USA)
conj ugat ed00A14l pur PXAMBLEA ¢dIVyestd particl es of approximately 40 nm were
applied to the conjugate pad. [00108] Test procedure -- The test procedure

for the T was fity i Spap! e vol une
was 10 Al EtgP?gfgrum %%gfg%???gg?ﬁt%ggﬁﬁmwItﬁtht%ct)‘t?sg?&g#es%%k%&lo slrm al TB
sanpl es ( Zegpacadeyith the diféereridSAhat Sty bwesahdedlprgbr i ¢dchtdse subRRhar Bistead of Steip|
positive sanples d a culture sitive,result but .sone,of the.sanples were
rear neodh TOSTaRA MEFORE T h i e BRRod % R e, B FOTHS watets iSRRI i
of 75% and,90% respectively was achieved with this endenic sanples. [00110]
EXAMPLE 3 - H 'V confirmatory dipstick [00111] Test devices in the form of

confirmat %g‘l*eejst sFEr ; BS i%rst_liﬁ_‘p%tect ion of HV 1

[001171 Test devices substantially as in Example 1 were prepared except that the test

and control lines are applied to Strip 1 instead of Strip 2. The results were as in Example 1.
[00118] EXAMPLE 6 — HIV test

[00119] Test devices substantially as in Example 1 were prepared except that in the test
area a polyclonal antibody against a P24 HIV antigen was immobilized on the test line and a
monoclonal antibody against the P24 HIV antigen was conjugated to the colloidal gold.

Results showed that a picogram level of P24 antigen could be detected in serum samples.
L [00120] EXAMPLE 7 — Leptospira bacteria

[00121] Test devices substantiaily as in Example 1 were prepared except that in the test
area, four recombinant lij antigens (A,B,C,D) were mixed and immobilized as the test line.
For the conjugate, Protein A/G (Pierce, USA) and anti-human IgM (Sigma, USA) conjugated
with purple colloidal gold particles of approximately 40 nm were applied fo the conjugate pad.
With over 300 endemic samples tested from Brazil and Thailand, an overall sensitivity of
approximately 70% with acute phase samples was obtained, and approximately 90% with

convalescent phase samples was obtained, and a specificity of approximately 95%.

[00122] There have been described and illustrated herein several embodiments of
immunoassays and methods of their use. While particular embodiments of the invention have

been described, it is not intended that the invention be [imited thereto, as it is intended that the



and HI V2 anti bodies were prepared as in Axanple 1. However Strip | and Strip
2 were attached using an adhesive (G&L Inc, USA) on a |am nate card w t hout
any plastic housing (i.e., a "dipstick"). Five different antigens H WV

(p24, gp4l, gpl20, gpl60) andH V2 (gp36) were imobilized (0.25-0.50 ng/m)
as five dif{yee&iedones in the test area. These anti gensPCHE52806/08868% DI nant ,
synthetic peptides and native antigensid Protein A diluted with PBS 7.4 to a
concentration of 0.25ng/m was immobilized as a control line. Protein A
(Zymed, USA) conjugated with purple colloidal gold particles of
approximately 40 nm was sprayed on the conjugate pad and used as the
detection system [00112] Test procedure -- The test procedure was the sane
as Exanpl anJenBt 6d4s trbatin s&gﬁ% eheveRd wilBSloRfand €hat thRfs ?é‘@ﬁ@lﬂfbﬂ@é feadllikbwiged. WO
2006/ 099191 PCTI US2006/ 008688, 32 [00113] Test results -- Commercial HYV
panel sanpihss, wiglthe specification dispisshiigand pindingusinggntigerdpntibpdyyreastions. atheysa)

\(/:v(e;:n? | (ra\r/rg!t g r ('?es% gg%eg%%eg co%(l} %SI%Mﬂ%@fh%hg Eﬁ ?/gmg gﬁ%f gé ‘535 g%gmgm%bO%
corr eljat i catc. whay alsvds tesdn !Bkcntwln]ndhdibﬁ cels0fd destritedavRb¥ing a-singledinedot tegtidg115]
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that inst agd vk teSt red forkesting fi56 Liginds, it Qﬂﬂbd‘@pﬁec iéd,théthﬁﬂerémmmeﬁ of tiies
configuration. The results were as in nP 1. [00116] EXAMPLE 5 - HV
9

test [0011MY beadtlizerbfor estingtop ditfement aumper 8 h&?n@( dppneh a caggrasingle BoHswg except
that the tgalye &ﬂ&e@%fx E}%{nﬁ%' H?)‘Fesfoiiﬁ? 5%@@55 &%)%[;&Ngﬁgi% Qnﬂtﬁ#l\g/ﬁégggm% Strip 2.

The results "were as 119] Test
devi ces sunﬂllzechnfdadmegz &@ererm&btm}qhoksIarwvmheeqamqﬂwlesmpxmpfoemmm gnetdre t est

area a poI cl onal, ant i ai.nst, a P24 H V ant n the
Feer T bl s S Rbie SRR RHRY i erts S St R T o e B

conj ugat edsidigle 4tAE pRAtdigd £l th 3¢ fidlch Vil ¢h faag‘ob% kdiblg tegrolidy el of
P24 anti gerll gé)eoul gpbe cliﬁe)gt ectgégmldr?aser um s?aﬁjngugm ElT6’0120 IJIEXAI\/PLEIEI? 1—

Lept ospi r Sitge bale whichgis over orleads tgdvyp adjac n%ﬂﬁaptaﬂ s sa@plermm| el were
prepared exafpl whll@the'tbst bA& dr€3dscribed as having holes in the top wall of a housing for

receiving the sample and the buffer-solution or buffer-conjugate subsystem, it will be

appreciated that one or both holes may be provided in the end wall or side wall of the housing.
Similarly, while the sorbent material was described as preferably including a thin plastic
backing, it will be appreciated that the plastic backing could be provided only at certain
locations or not be provided at all. Where only partial backings or no backings are provided,
the test and control sites can be located on either or both sides of the sorbent material. Further
yet, while a test strip and control strip are shown is being rectangular in configuration (i.e.,
lines), it will be appreciated that the test and control sites can be configured differently such as
in circles, squares, ovals, a broken line, etc. In fact, the test site and control site can be
configured differently from each other. Also, while the invention was described as utilizing a
T-shaped housing, and utilizing sorbent materials which are perpendicular to each other, it will
be appreciated that the housing could take different shapes (e.g., rectangular, pistol-shaped)
while providing sorbent materials which are perpendicular to each other. Further, if desired,
the sorbent materials need not be perpendicular to each other, provided distinct migration paths
are provided for the analyte/sample and the buffer-conjugate subsystem. Thus, for example, a
Y-shaped arrangement can be provided. In fact, it is even possible to provide a rectangular
arrangement where, for example, the sample area and sorbent material are located above (or
below) the test and control lines and reservoir and separated therefrom by a wall in the
housing, and the test and control lines are viewable from a window on the other side of the

housing,



area, four reconbinant |ij antigens (A B, C, D) were m xed and i mobilized as
the test line. For the conjugate, Protein A/G (Pierce, USA) and anti-human
| gM (Si gnma, USA) conjugated wth purple colloidal gold particles of
approximately 40 nmwere applied to the conjugate pad. J 0
endeni ¢ saﬁﬁgé@ﬁf"%gs‘?’ed from Brazi| and,Thailand, an over%(\fjltlﬁsszg%@%%ﬁ?%i ty of
approximately 70% wi t h acute phase sanpl es was obtai ned, and approxi mately
90% wi th conval escent phase sanpl es was obtained, and a specificity of
approximately 95% [00122] There have been described and illustrated herein
several enbodi nents of inmunoassays and nethods of their use. Wile
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backi ng could be provided only at certain |ocations or not be provided at
all. Were only partial backings or no backings are provided, the test and
control sites can be |l ocated on either or both sides of the sorbent

material. Further yet, while a test strip and control strip are shown is
bei ng rectangular in configuration (i.e.,




lines), it will be appreciated that the test and control sites can be
configured differently such as in circles, squares, ovals, a broken |ine,
etc. In fact, the test site and control site can be configured differently
fromeach other. Also, while the invention was described as utilizing a
T-shaped housing, and utilizing sorbent33materials which are perpendicular to
each other, it will be appreciated that the housing could take different
shapes (ELAIMSrectangul ar, pistol-shaped) while providing sorbent naterials
whi ch are perpendicular to each other. Further, if desired, the sorbent
material s need not be perpendicular to each other, provided distinct
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the mgrati f t j I I 1 gr.at .pat h of
the sanpr b o Rmeon'sp ST hERHFAE R, BRUMAUR celorkiAolh o AN QLURE
chosen dmvilgan iranhobitizéHigad ddthding rhévhanibgy atlisaid fipsitahd satepdsudbengsteipon t he t est
or tests to,be conducted. Thus, buffers such as phosphate buffers or.. TR S
(i o hyrGiprathngiAt A 16N Ry 1 sl HEEa G pBY DA SEETRERDSTY 1 he
i nvent i QRcdnd lodalbeRdR thabiQaRiNER SRARRh Hﬁ?zgﬂ)ﬁ@atf& oftihe lgfuld&%ﬂfpld theledidpg Water.
In addition, the diluent may, if needed, may be added to and mxed with the
sanpl e pesatipn reguiectime for e lsmidamplegodateradiy o ta the teshsiterandidoesrnot he sanpl e
may be de %ﬁiatte‘:f f!thé#es@s@tg u%;'&?apgaililcéﬁ%ﬂt may be added thereafter. Likew se,
any diluent ca BBP e B Al ng ‘conjugate to mgrate may be utilized, and may
be prem xed with the conjugate in a liquid conjugate system or provided to
the mgration path for the conjugate in a dry conjugate system It wll
t her ef or%_”‘b‘ﬁ“é‘ﬁb‘%ﬁ‘i"a’f‘j&g thlaEersg'”SR‘iqu?&S‘i“ﬁ_ the art that yet other
modi fi catg) @RsushpldefinG o bRink BGaRnPMidEd: loDMRAL 4 QB0 SPRRME aRVdntldid'd
fromits Spirit and scope ag clairred. 35

second location, and a window adjacent said test site through which said test site is viewable.

D

3. A test device according to claim 1, further comprising:
said conjugate, wherein

said first sorbent strip supports said conjugate.

4. A test device according to claim 3, wherein:
said ligand-binding mechanism is an antigen or antibody for said ligand, and said conjugate

comprises an antigen or antibody for the ligand and a marker coupled to the antigen or antibody.

5. A test device according to claim 4, wherein:

said marker is a colored marker viewable in the visible spectrum.

6. A test device according to claim 1, wherein:

one or both of said first and second sorbent strips includes a control site.



CLAIMS 1. Atest device for use with a solution and for use with a conjugate
having a nmarker, the test device for determning the presence of a |ligand
inaliquid sanple, the test device conprising: a) a first sorbent strip
having a first location for receiving a solution and defining a first
mgration path for the solution and the conjugate; b) a second sorbent
strip distinct fromsaid first sorbent strip having a second | ocation for
receiving the liquid sanple and definingga second migration path for the
sanpl e di St ing fesd deQilk &Rbidingh Lisin 1M@EAHI ON path; and c) a test site |ocated
on or in said first sorbent strip and/or said second sorbent strip, said
test site havi rigiddHstisprbensistrip sadisajd sgeond sasbensistripareractnged iorm T pehfiguratehnf i r st
and second sorbent strips touching each other at the test site, and said
second mgration path extendi nP_ laterally fromsaid second |ocation to at

| east said Bedtteskdqviceserordingfaclaim biwhemin on of the liquid sanple to the
second | ocat i Or,igSastisbBent kil Bnd LEordh b GH intaOuy b Ly, flow to
the test site and does not Fgrmedi gye‘?f?/én\s\gtb?ﬁgﬁéne%fmsai tee‘%fg{gﬂja%%bl i cation.
2. A test device according to claiml1, further conprising: d) a housing
defining a bi Asdst @RBGrdRil tacRM 1, Seidinf i rst | ocation, a second opening

adj acent said se,ﬁg,nd Igcati_og, %‘nd a W ndow adj acent, said test site through
whi ch said test SBE{ES SUDeRL sHig hpse first porg sizeand sgiggocopd SoEhept thimbps e gecendai m 1,
further conpgresikddg: said conjugate, wherein said first sorbent strip
supports said conjugate. 4. A test device according to claim3, wherein:

sai d |igand-binding nechanismis an antigen or antibody for said |igand, and
sai d conj ug#l, eA testalepice sesrdml te¢liimge whaein:ant i body for the ligand and a marker
coupled to the antigen,or ant. B\Od){' S.E@test devi ce according to claim4,
wherei n: sai d miPREFOPLPAE ¥ 8 ALt KAt R TiPaBfe in the visible spectrum
6. A test device according to claim1l, wherein: one or both of said first
and second r t.strips.includes.a.control site. 36 7. A test device
accor di ng tgﬁcﬁFg‘&rﬁe '?e?/%%rfhé'ﬁr%’:a%’ islcg’wefcént' sorbent strip and said second
sorbent strip amrssdérst porgeide isbetwvednl3' and G fniiggensanion. 8. A test device

according to cl %Li%écbnm% Sﬁenis between 20 and 40 microns.

12, A test device according to claim 2, wherein;
one or both of said first and second sorbent strips includes a control site, and either said
window is sized to permit viewing of said control site or a second window is provided in said

housing to permit viewing of said control site.

13, A test device according to claim 1, further comprising:

said solution, wherein said solution comprises a buffer.
14. A test device according to claim |1, further comprising:
said solution, wherein said solution comprises a subsystern of a buffer and a conjugate

having an antigen or antibody for the ligand and a marker coupled to the antigen or antibady.

15, A test device according to claim |, wherein:

said immobilized ligand-binding mechanism comprises an HIV antigen or antibody.

16. A test device according to claim 1, wherein:



said first sorbent strip and second sorbent strip are arranged in a "+"
configuration. 9. A test device according to claiml, wherein: said first
sorbent strip has a first pore size and said second sorbent strip has a
second. pore size.. 10. A test device according to claim9, wherein: said
second pore size is larger than said first pore size. 11. A test device
according to claim 10, wherein: said first pore size is between 3 and 20
m crons, and said second pore size is3etween 20 and 40 microns. 12. A
test devi ce accaidiimnpbilizedligandbBdinphechaniom camgrisesanbigink, adfibodias,Gphingst and

second sor . SEI LN a control site and ejfher sai.d i ndow i s
sized to pgrﬁﬂ‘%’? E%'/ésé\sl)\ﬁser?gy rg%s'fgrgﬁsgn%f%ﬁrl%?ﬁt ooF ?ttepr?ﬁm'gy’slg‘:\éﬂ%"w ﬁﬁ%WBWS provi ded
in said hoecen, ngnd-analysisidiug, Chlemydiy coliasmarkiers, @miceraharkérs, hagh8, deftalt est devi ce
accordi ng ! fur t.her, conmpri sing: ai d._sol uti o reln . said

2ol ut 1 o c SRy, ko b Sl SRR, nPui oy P Br e R br VTt .
further cosepthegitmgm.sai d sol uti on, wherein said solution conprises a
subsystem of a buffer and a conjugate having an antigen or antibody for the
ligand and a marker' coupled to the antigen or antibody. 15. A test device
accordi ng 1o &ltest device aqgording tp claignl,vhensimbbi | i zed | i gand- bi ndi ng mechani sm
conprises an H Mgt BBt Qi Jdb ik i: J to claim
1, wherein: 37 : lsgi}(fs?l%nnéb{r |E?Tzrﬂgie(§l {%rgtn%e}’g’lrar?ﬁfng_ rrr%tc gﬁr_%l %agg%erq{)@gs
antigens, smbanbytp insludessaensd membrane ande serondibacking, 2ad sjhnst Jodentseipmny for  at
| east one gfig REGRNBMEH striflale arfalRA'sGH R b firdEhembradie!iOR conthd: Wfn SR ySi s/ dr ug,
Chl anydi a, cardi ac markers, cancer markers, Chagas, dental bacteria

(SM LC), stewesi membraniel yenza A, i nfl uenza B, adenovirus/rotavirus, CPV, FIV,
FeLV, and heartworm 17. A test device according to claiml1, wherein: said

first sorbent strip includes a first menbrane and a first backing and said
second solhdniest devicepcrarding tpedaimg 1 SuRECcOmIFBIPSine and a second backi ng, and

said first sor ke aghdsive badkhg cﬁlﬁiuﬂdeﬁ?ﬁgﬂﬂov%ﬂiiﬁ?%fd firkdsbibes@ipar r anged such

that said first nenbrane is in contact with sai

19. A test device according to claim 18, further comprising:

a second adhesive backing card underlying or overlying said second sorbent strip.

20. A test device according to claim 1, wherein:

said. first sorbent strip and said second sorbent strip include a single membrane integral
to both of said first sorbent strip and said second sorbent strip.
21, A test device according to claim 1, wherein:

said test device is for determining the presence of a plurality of different ligands in the
liquid sample, and

said test site has a plurality of separate immobilized ligand-binding mechanisms for

separately binding to respective of said plurality of different ligands.
22. A test device according to claim 21, wherein:
said plurality of separate immobilized ligand-binding mechanisms includes a

tuberculosis antigen and at least one HIV antigen,

23. A test device according to claim 21, wherein:



second nmenbrane. 18. A test device according to claim 17, further
conprising: a first adhesive backing card underlying or overlying said first
sorbent strip. 19. A test device according to claim 18, further conprising:
a second adhesi ve backing card underlying or overlying said second sorbent
strip. 20. A test device according to claim1l, wherein: said.first sorbent
strip and said second sorbent strip include a single nenbrane integral to
both of said first sorbent strip and sai8d second sorbent strip. 21. A test
devi ce accor di ngpid purslityi ofsgparatelimmebilizedSigarnd-tivetitg meetandsnsi isclddes p2et er mi ni ng

t he presencg.9fi; Bk i I s inthe liquid sanple, and
sai d test g@?gﬁﬁggkgug?éfé¥P§@Igyﬁéﬁggggygﬁgﬁﬁ%biIized | i gand- bi ndi ng
mechani sms for separately binding to respective of said plurality of

di fferent lﬂ@%@&de@i@eadébrhﬁx?,ttogﬁﬁnizﬁ%}?e?& rding to claim2l, wherein: said
plurality of separate i mobrlized 11 gand-bi ndi ng nmechani sms incl udes a

t uber cul osi s anssidénst sarhgntatrip supperts o plaralify\pf diffeiegleroniup8es comprsing addgeng e
according t ki , I k- id j i bilized

T gand: by ndy e BUBiekfothepiafty ofBims el Horakots BB R Be 0 o h v
t and an HeEdoraRtibdiss. 24, A test device according to claim 21, wherein:
said first sorbent strip supports a plurality of different conjugates
conprising antigens and/or antibodies for the plurality of different

| i gands and’nhtRiddeice #ap1dig t¢ elaiphie Whsitingens and/ or anti bodi es. 25. A test
devi ce accor di ngid ignfbaizea ﬂgan%ﬁ&iﬁ% Pech®mbre] is apramyat b amastlfbmiaé&-cbht_ﬁlﬂihgg
mechani smis arran gg in at least fqur, lines containing respectively

di fferent F&Se“am'!rgi eIV g¥iges g7 aodbodiss. A t est device according to claim
25, wherein: said different H'V antigens or anti bodies conprise at | east

I:lo;ir m0f1, p\iﬁé'rg&?fl:d,evig&lc%gfding%égg 2@{1\911694?36. 27. A test device according to

said different HIV antigens or antibodies comprise at least four of p24, gp41, gp120,
gpl60 and gp36.

27. A test device according to claim I, wherein:

at least a portion of said test site is dyed with a visible colored dye.

28. A test device for use with a conjugate having a marker, the test device for determining the
presence of a ligand in a liquid sample, comprising:

a) a first sorbent strip having a first location for receiving a solution and defining a first
migration path for the solution and the conjugate having a marker;

b} a second sorbent strip distinct from said first sorbent strip having a second location for
receiving the liquid sample and defining a second migration path for the sample distinct from
said first migration path, said second migration path including a conjugate of an antibody
bound to an interim binding agent, said antibody being selected to bind to the ligand when
present in the sample; and

c) a test site located on or in said first sorbent strip and/or said second sorbent strip, said test
site having an immobilized binding agent, said interim binding agent and said immobilized
binding agent chosen for their ability to selectively bind well to each other, said first and
second sorbent strips touching each other at the test site, and said second migration path

extending laterally from said second location to at least said test site such that application of



at least a portion of said test site is dyed with a visible colored dye. 28.
A test device for use wth a conjugate having a marker, the test device for
determning the presence of aligand in a liquid sanple, conprising: a) a
first sorbent strip having a first location for receiving a solution and
defining a first mgration path for the solution and the conjugate having a
marker; b) a second sorbent strip distinct fromsaid first sorbent strip
having a second |l ocation for receiving the liquid sanple and defining a
second migration path for the sanple istinct fron1 said first mgration

pat h, sai tion ath i ne. ate of nti body bound
to an i nttger ﬁﬁ?‘ﬁﬁa’“am‘g Ehg SeRpd °§a§’i°3 regwﬁsg ldssg'?’glﬁf%latefagyﬁ W¥ to the

| i gand V\hhmtestpneaandrdbeamt kﬁmdmlpi»et,theacnds:m);pm ap@Bctatlsn.t e located on or in said
first sorbent strip and/or said second sorbent strip, said test site having
an i mmobi | i zed bi ndi ng agent, said interimbinding agent and said

i mobi | i zl@dAtégtdndicngccagiéngttoclla'msmawhcreini heir ability to selectively bind well

to each other . e touchin ch ot her at
the test it e ek o EE0RRB s Rhlke oburBR e HSPAPEPERTY 71 om oo d
second | celattedin bind tathe ligasitwhen prisencigthesamme.such t hat application of 39 the
liquid sanple to the second location requires tine for the liquid sanple to

laterally nowto the test site and does not inmediately wet the test site
upon applmcéﬁﬁmvicieccommgésﬁ‘) oMbeieine according to claim 28, wherein: said

fir fLOZSr bent oo fighitd RUBBRLIRA $fi@B) @%aégfﬁfanab@gggﬁ o S RIRA tifdin Ried second
test deviagent EEat mongclwl gniibodytpepnsd th biokir prfl Slaldg@zmbihsedd?lmeram| gen, sai d
conj ugat gtrggtam_antl body bound to an.interimbinding agent is a p24

nonocl onal "anti body bound to biotin, and said i nmobilized bind agent is
streptavidin. 31. A test device according to claim29, wherein: said |Iigand

is a p24 3@“At£t9d3v:c§§dc5¥d ?%Mgﬁ;@ @her@pn anti body bound to an interim binding
agent is a p24_ npnoc|onal antib bound to biotin, said i mmobilized bind

agent is st r&jtlendisg p24pmisemsid eszefgafiﬂé agkibogy hetnd &9 arigigindindpg a second

ant i body apént B aG24 RIoREEIdNAL tibody BBIrAISbiB ket infindRACbigdAenaift | body. 32, A
test device accordjing to claim1, wherein:
streptavidin, and said conjugate of a marker coupled to a second antibody is a colored latex

conjugate with a monoclonal antibody.

32, A test device according to claim 1, wherein:
said first sorbent strip and said second sorbent strip are arranged in a non-parallel

configuration,

33. A test device for use with a solution and for use with a conjugate having a marker, the test
device for determining the presence of a ligand in a liquid sample, the test device comprising:

a) a first sorbent strip having a first length and a first width, said first length being
substantiaily larger than said first width, and having a first location for receiving a solution and
defining a first migration path for the solution and the conjugate;

b) a second sorbent strip having a second length and 2 second width, said second length being
substantially larger than said second width, said second sorbent strip distinct from said first
sorbent strip having a second location for receiving the liquid sample and defining a second
migration path for the sample distinct from said first migration path; and

¢) a test site focated on or in at least one of said first or second sorbent strips, said test site
having a test Jine containing an immobilized ligand-binding mechanism deposited on or in the

at least one of said first or second sorbent strips, said first and second sorbent strips in direct



said first sorbent strip and said second sorbent strip are arranged in a
non-parallel configuration. 33. Atest device for use with a solution and
for use with a conjugate having a narker, the test device for determning
the presence of a ligand in a liquid sanple, the test device conprising: a)
a first sorbent strip having a first length and a first width, said first

| ength being substantially larger than said first wdth, and having a first

| ocation for receiving a solution and 4efining a first mgration path for

t he sol uti @aniagtovithieechongr aghe @5t lid, 2ad sigicecvdd sdgriven pathtexiepdifgpidiently ot econd

| ength and g | e hyhel substantjally |arger
than said sseg%ﬁ%@m@ﬁ%ﬂ%ﬁi‘%ﬁ%ﬁ%&%g‘fcbgﬁgépg{@ﬁgp itg |'?1"éc{ Saf"lpl?ﬁ‘? %‘gl d first
sorbent st rseqoné loghting requirestimelfor the Sinvidsanfplerto fagaratiy\flowgo thivest sigundideampl e and
defining a;s6e8 ] i ot he sanple distinct fromsaid first

m gration 6aﬁ%;'ggwgmé?’{eg&%g@tuag}t#g{@é%r}étt ed on or in at |east one of said
first or second sorbent strips, said test site having a test |ine

cont ai ni ng 33na {GARBICk 586k bRk Bl DL 2B ' in the

at | east one _o? sai d rtlﬁ—l‘ st lo}? seco}ﬁagfsor. Sgﬁﬁlst&?’“ sg%g‘gﬁ%éﬁgrrk%{khgﬁcg second
sor bent st rdeyiee fondaerrining thopregnen of @ diganding liquidsemplscihe test depiee copwtising: ne, and
sai d second,yy GAlokRIA R HaRrifPdeERAY Dt 1868t Medivi i ocation to
at | east saia{j]a t.gst. site sugh t,ha!t;léa pl i pat‘?ﬂgn %f’wmsﬁlﬁaﬂiﬂﬁgﬁﬁgﬁe to the
second | ocd¥§t SrerpusRUIRthdEr the salutiop and thecqnjugsitid sanmple to laterally flowto the

test site appa #e&R poRion of MBRAHLALMEIiNG 4¥8lond RRatloR Tr rédelvingUROIURIRRLBIE &id On. 34,
A test device . for use wth}ﬂ;apsol g&l on and for _use with a conjugate having a

mar ker, t hdelniag a segongrugra Freampirgop-Rarelis! edaive &0 Gid Bstmigat® i n a
liquid sanph;anihe test device conprising: a) a first portion of material
defining a first location for receiving a solutiop and defining a, first
m gration pSkHessite ipratedogionin sﬁﬂ%ﬁﬁ’ia"‘;{?{geceﬂfﬁ%ﬂg%ﬁ 85“‘5‘7“% 5§‘€é‘?§h%‘gbﬁ’l“‘tgi on of
materi al  de# inthétglized HgfAhdipGidchanisnt deposit@Cd of i Gaid FlEt drid@ bedofigdions and
defi ni ng aoﬁ{%con relative to

m.aration path for e sanpl e non-payrall el
said first QtF%\‘ﬁi s&ﬂq{’ﬁé‘f' ?""&ﬁd’"&""-“a"*{"&?{‘a’é??‘ﬁ"ﬂ“b‘éfﬁ'ﬂ Bagh et e fEsGipg £ 1 st
and/ or secaidsapoeiond Rgationathekicading ARtally fres kaid sdcondiavating to afleast sapbi | | zed
| i gand- bi ndi ne nismdeposited.on or .ip said first and/ or second
portions gﬁsps%ﬁf'écﬁit { 2Ppl qﬁgf"?tlrhgﬁq‘&?ﬁﬁmg{gé"oﬁas%%?d[l% " {)efl“lﬁeﬁt‘g'rci?oe{l?hei n cont act
wi th each dtkiésangtle tolaertifsiovsiottie, test sitechnd doesl natdimmediatelygreathi Gt sgatgonext endi ng
| ateral ly faﬂ; id second |ocation to at |least said test site such that

application P@@'ﬁjﬁé liquid sanple to the second | ocation requires tinme for
t he

35, A test device according to claim 34, wherein:

said first and second migration paths cross at said test site.

36, A method for testing a sample for the presence of a ligand, comprising:

a) obtaining a test device having a first sorbent strip having a first location for receiving a
solution and defining a first migration path for the solution and for a conjugate having a
marker, a second sorbent material having a second location for receiving the liquid sample and
defining a second migration path for the sample distinct from said first migration path, and a
test site located on or in said first sorbent strip and/or said second sorbent strip, said test site
having an immobilized ligand-binding mechanism, and said first and second sorbent strips
touching each other at the test site location and said second migration path extending laterally
from said second location to at least said test site such that application of the liquid sample to
the second location requires time for the tiquid sample to laterally flow to the test site and does

not immediately wet the test site upon application;



liquid sanple to laterally flow to the test site and does not inmmedi ately
wet the test site upon application. 35. A test device according to claim
34, wherein: said first and second mgration paths cross at said test site.
36, A nethod for testing a sanple for th]te presence of a ligand, conprising:
a) obtaining a test device having a fi r&t sorbent stri p having a first

| ocation for receiving a solution and defining a first mgration path for

t he sol ut Poapplyng the pample frjaidpeeenddacatin a  narker, a second sorbent materi al

having & SEAGPGid BRAHHOR BhpICRRlytd e fidd B I@aaait papd defining a

second m gration or t FStinct fromsaid First m gration

pat h, anddpinsgeetng sid testlsie tt determimean indicasian ¢thefirgssnceswldskthersifiof thedigatidin sai d
second s rbent strlp, said test site having an immobilized |igand-binding
mechani s&h ®said first and second sorbent stri ps touching each other at
the test si te | ocation and said second migration path extending laterally
fromsaid second | ocation to at |east said test site such that application
of the I?’hlﬁi@e@ﬁ@rﬁl‘:@r‘]ﬂ%tOtCF?émééc‘@h‘Helpocat| on requires tine for the liquid

sanpl e to |at faﬁc?{eétﬁewcé)ﬂﬁstaoll%gﬁgb ap%% hifst %r%‘ég% ‘and' ﬁ&rf" 'aléeégﬁﬁ the

test site upon application yin e to said sécon

| ocat i ongpeningafljacent said secapglogating, aivke wandpw @djacqmp baid regt dite¢hrenghwhicmsaidtesthe
first Ioc%tlon elnd d) inspecting said test site to determ ne an indication
the presSideVi§Fasck thereof of the ligand in the sanple. 37. A nethod

accordi ng to glidagplydy thelbgh dpue Qomprdedl déRSitingl el sa@plRabroagh@itbicdghddphing g a
first opening adjacent said first |ocation, a second opening adjacent said

second | #idgecend logatigng wi ndow adj acent sai dtest site t hrough which said

t est siteisyﬁiﬁg% b %atgp‘ﬁ Qﬁm g gt he
sanple thr oug% ds I %thg openl r%ﬂsg%debsgtll e(g:olrlltgl gar% ﬁg&g;ﬁ%&ﬁ% ?yl ng

t he sol usziid)ﬁrst:hmqlronsm;l depositing the solution through said first opening to
said first cation, said | ns ect ses i nspecting through said
i ndow. | 35, AHLERGRREIOTEIET PR e FOE NG or osence of a 1§ gand.
conprising: a) providing a test device having a test site with an

i mmobi l'i zed |i gand-bi ndi ng mechani smand a .
38. A method for testing a sample for the presence of a ligand, comprising:

a) providing a test device having a test site with an immobilized ligand-binding mechanism and a
visible soluble indicator;
b) applying the sample to the test device;
¢) viewing the test site to observe the disappearance of the visible indicator;
d) after the disappearance of the visible indicator, applying a solution to the test device; and
e) after said applying the solution, inspecting the test site to determine an indication of the
presence or lack thereof of the ligand in the sample;
wherein said inspecting comprises inspecting the test site to determine whether a conjugate
having a marker is captured at said test site;
wherein said test device has a first sorbent strip having a first location for receiving the
solution and defining a first migration path for the solution and for the conjugate having a marker,
a second sorbent material having a second location for receiving the sample and defining a second
migration path for the sample distinct from said first migration path, wherein said test site is
located on or in said first sorbent strip and/or said second sorbent strip, and said first and second
sorbent strips touch each other at the test site location; and
wherein said second migration path extends laterally from said second location to at least

said test site such that application of the liquid sample to the second location requires time for the



visible soluble indicator; b) applying the sanple to the test device; c)
viewing the test site to observe the di sappearance of the visible indicator;
d) after the disappearance of the visible indicator, applying a solution to
the test device; and e) after said applying the solution, inspecting the
test site to determine an indication of ¥he presence or |ack thereof of the
ligand in the sanple; wherein said inspecting conprises |nspect|ng the test
site to aamélsfmlwé tedaterallyitlow iogh tegfaite anddags Aot immediately wetthe Igst sifedomt  sai d

t est S|tgwﬂwgﬁ;eln said test device has a first sorbent strip having a first
| ocation Tor receiving the solution and defining a first mgration path for
the solution and for the conjugate having a narker, a second sorbent

mat eri al having a second |ocation for receiving the sanple and defining a
second mgration path for the sanple distinct fromsaid first mgration
path, wherein said test site is located on or in said first sorbent strip
and/ or said second sorbent strip, and said first and second sorbent strips
touch each other at the test site location; and wherein said second

m gration path extends laterally fromsaid second |ocation to at |least said
test site such that application of the liquid sanple to the second | ocation
requires tinme for the 42 1liquid sanple to laterally flowto the test site
and does not inmediately wet the test site upon application.



