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OF THE I NVENTION 5 The present invention re es to chromat ography assay
devi ces and a nethod of detecti ng W“n a whol e bl ood sanmpl e, and
nore particularly to a device and ying a red bl ood cel
separating agent to aggregate red oq@mﬁﬂils and a neutralizing agent to
neutralize any 10 negative effect the red blood cell separating agent nmay
have on the aﬁé@&’réﬂﬁﬂ?ozﬁ@@%@#@t%ml%'w@%ﬂ% H1 o€ hledis 63!

di agnosti c nmethods are routinel 5 carrled out on bl ood sanpl es.
Unfortunately, red blood cells ﬁﬁFéWP@F@ BEPRS 88 di agnostic
determnations. In assays for an analyte, red blood cells may inhibit

bi ndi ng between specific blndlno oalr nenbers leemnse red bl ood cells
have enzyme activity whic s dd TI‘s-oned may
interfere with {hgs L odyg 910,]5 %fae{es L, % Al cbeabnl CLOEL, uSi N0 2
chr omat ogr aphy assay “devi ce, ~par |cu y a chrona ography noa§§ay

devi ce, red ddvaedscellds amagtholi bftdétedtifd an whadkties ineaegrary f or
reactions to occur on_the device. For these reason and 25 others% many
assay net hodR S&"Rle c aPf; BAT8uP2 B Py 6° SRR BRANTRENPE r st be
separated fr o] N§§y1§na | ye i or
separating réﬁPHﬂ %l PEB %%%?B%géﬁa |r$za I%%% go s§ﬁ§¥%§£té
Centri fugat ied 3 dcsl @elkl, Endwa nettwdl izirtdegant by whlchapl asnany bef ore
clottjng) and serum %fter ottlgg% |s se arated from whol e blood. In this
procetiire, rEFHY6deELecs bt redaploo 1115eP3EE5 1R ELBG| RS

PCT/ US98/ 27802, drh@ nloblem, 0k Ehent est tube and the serumis separated by
decantati on or sone other nethod. Stratifying whole bl ood by
centrifugation, however, has many di sadvant ages. Gbnerally) centrifugation
requires a large blood sanple fo the process is tine

consuni ng and requires cunbersone often not naintai ned

in a physician' SNQEErhC%llﬁhBah|M1a§£6%@¥6fﬁédﬁy@@|b&ﬁ ebut hge ) 0od
increases the exposure to the potential hazards of bl ood-borne pathogens.

| 0 Tol? educecanridld putara bﬁéoﬁeéémpkﬁs(xnﬂnﬂqnﬁymﬂtéﬁy'a§§éybH@W¢ces have
been devel op y nbranes to
separate redggl %ggﬁgg rg%? qU| 6%??%6% O%EBEREE? H% Iﬁ#vblllzed

anti-red bl maq@ Ifo&nbmbadaestéaveecalBxbckafeﬁlll&edmaylinmhet Kihwddng
t echni ques for separatlng red blood cells fromplasma or serum.include (1)
conbi ni ng a MHAEDIFEEF ISaFpPEnGITE B2 FRIWIRGTE -ceHKBWABP ngT 8Gehtood

filtering the Xty %g%nﬁ gthagt§9 9 PhAY oug %E%Eg@tohotﬂQ'QQsé§ bound at

| east one specific pair er to reno
20 employed, may interfere with the signal produced. Further,

EECHM

in a rapid test format using a chromatography assay device,
particularly a chromatography immunocassay device, red blood
cells may inhibit fluid flow which is necessary for
reactions to occur on the device. For these reason and
25 others, many assay methodologies are carried out on plasma
or serum which must first be separated from a whole blood
sample.
Many known techniques exist for separating red blood
cells from plasma in a whole blood sample. Centrifugation
30 is a well known method in the art by which plasma (before
clotting) and serum (after clotting) is separated from

whole blood. 1In this procedure, red blood cells settle at
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20 agglutinated red blood cells; (2) passing whole blood throhgﬁuﬁ'ég%ss
i crofiber filter which may or nmay not have an aggl utinati -

i ncorpora‘P’ch?Bng enpl oying a barrier or exclusion |ayer o%@?@éé&oﬁari de
material to prevent red blood cells from passing through and 25 interfering
Wi th detection or visualization of a signal on a dry test strip; and (4)
using a support having a polycationic surface which binds red bl ood cells
but not plasma. Many of these techniques for the separation of red 30 bl ood
cells fromplasma are costly, conplicated, may result in inconplete
separation of red blood cells, and may cause s ~, 1 15 JUL 2002 3

hermol ysi's. Halyttictn 82d8nt 0 090-sR8L] fdrfa i il alphrekgaogpds
causing a loss in assay sensitivity. This can be the result of free
henogl obi n wasntegionobyr sohe delhex tmefhadbne Srat itfivdng waodenblead obtain

a color that,ranges .fro ink to dark roon. Rs..a result he production
of a visual R (fcrﬁ%g'érllféllgglﬁanCaﬁo‘B%v%qu’?S%‘Panp}'arqllsyadg’ﬁg%ﬁ;gg by the
presence of ddirANBYl @BhAreOLGiLidh theqsieteastd AN ®ldodr shfplet B8 Use of
a separating agent, such as a polycation, in an assay systemtends to

i nterf2re whth daeensysFenthett chhd\PERRERT S fgi I suEdgenesdor bi ndi ng

menbers in addition to the red bl,ood S. or.di d exists for a
devi ce and rrxéet%u&(fefsorcua’%fagg t|“‘F'1gPa'lolbrlmfaarlaﬁ(’allf% ee?‘#i’gm{ﬂcyo{)%és@gnp%g wi t hout

adversel y efdfdddigeldenasspiysysiem s St slevi aeimid ynethed esboul d be
sui tabl e for  whol e bl ood san‘gl es of various sizes, includi n% smal | sanpl es.
SUMVARY OF THE4INgENPEORhThELpPR sEREr§3RAhtGh $HOREE 6 &P€hr omat ogr aphy

assay devi ce%g%ntqqle%gzggﬁ%hgf %%@&%‘fﬁe %@@éﬁse in a blood sanple

conpri si ng: romat ogr ap carrier ines a path for fluid flow
and su@ports capild arduteony abimjpphieatheomerd e€dwreesaird flolgaodosanpl e in

fluid flow contact. with said chronatography. carri.er, det ectiion site on
sai d chr onat?_ﬁﬁaé’plﬂ?"&&elsi Bﬁvgp}aﬁ%ﬁ %%‘g?fgﬁg%rﬁa@ﬁkb eﬂ?;qycgffﬁgﬁeg}:t e having
a non-di f f ushyel feoungd uapgmg mestance houndhdharetea d1dbhf dsively

bound | abel ed substance | ocated downstream of said application site; a
di ffusivel y Howmdheollyigatidopofoios ephir e el gdhs nel mpoksididzedf ront saeéd bl ood

For neut Tl |51 (R IpGFyERPRORE RIS L3 K AL a4 Bound pol yeati on and
upstream of sai d He{e8Ckne@nStbehniques for separating red blood cells
from plasma or serum include (1) combining a whole blood
sample with a red blood cell binding agent filtering the
mixture through a solid bibulous element to which is bound
at least one specific binding pair member to remove the
20 agglutinated red blood cells; (2) passing whole blood
through a glass microfiber filter which may or may not have
an agglutinating agent incorporated; (3) employing a
barrier or exclusion layer of polysaccharide material to
prevent red blood cells from passing through and
25 interfering with detection or visualization of a signal on
a dry test strip; and (4) using a support having a
polycationic surface which binds red blood cells but not
plasma.
Many of these techniques for the separation of red
30 blood cells from plasma are costly, complicated, may result

in incomplete separation of red blood cells, and may cause



, ~1J 15 JUL 2002 4 The present invention is also directed to a nethod
for detecting the presence of an analyte in a blood sanple ggnﬁ{i ﬁ@gg t he
steps of: providing a chromatography carrier which defines paLh r fluid
flow s and supports capillary flow,along which are (a) an application site
for said blood sanple in fluid fl ow contact wth said chronat ography
carrier, (bynalyeiectikenadivisdsonesdisd tohnomatspgrafiy barding spatigh apart

fromsaid lication site haviri a non-di ffusively.bound t in
subst ance %‘g TP § | gﬁél &g §ﬁl§§tyaﬁ8é‘sl%&¥f'éﬁ'domggr%ag% of said
applicatiopesti&)rdsli@ gH fhidsl vakwghewid wWoikdl ¥eat kenotornseparating

pl asma or serum from said bl ood sanple upstream of said detection site, and
(e) a diffdsteetiobosne Foicranhet tor reoer glainziobgatheapobycattioax | ocat ed

downst r eam of saig bound kpﬁ_lé“é?t i)(aﬂ?and upsé{ eam of said detection site;
cont act i ng* 33T apPTT Eor SPEE WPRCSRi d BfoB8dTE5HPFe; “8Ad i s detecti ng
the presenggo@iceied Yo d Rrisaiad bhepdcsanBlignaB=LER DESCRVPTy QN OF Ti: E
FIG' EES Figure ? depi cts a preierrzd enbodine.”.t of the

Chr O'i ?t OQp&0: 1y CBIPECHY Che OFeshach of28bel Eemaydabin: doldx= ifr *. TL~D
DESCRI PTI O™ T~ Xrrvr~ ~ zoQ "~ =Y i tio.: s _based p~ the

obserz," aﬂ:\la% TSI "% g.tl.r,t-'beﬁ\'/e;ther ¥G%0PL0BdSERFFE ™ w i ol a

bl ood sar; agées, i e fa & Wohhcarlol, JWnl 220025yl shsViOh 994364 &lo

PC T/ US98/ 27802 5 determ nations of the presence or anount of analyte in a
bl ood sanpirtewfiere mMight tdehevatsae, befreadblyagadecet dngsslyesyst ens. For

exanple) ip an inmMmunoass a_whol e_bl.ood .sanple contacted.with an
applicati onaite ] soran g eh)9 Be oeﬁﬁvéndgﬁlgﬁ8ns§9i %g%i ae%\gb]ﬁchry action
due to thecdixglering or interfering presence of the red blood cells. The

present invention overcones this problemwthout interfering with the
sensitivity of AFRCEENWLYsyFeerh eFhetfofPswAngedérendRd onsthrd fisx useful in
| 0 under st i NG e irent f p .k jon." lyte" or "
anal yte of%éﬁé Simr er%}%?' togﬁhg E%Qn%gu%%g?&t kgygg‘%%o%ﬂ? on t'o be

det ect ed o¢ffeasitiedharhiselayhagsaknl eastchngeepetoped ofie bhddli sipgid e. The
anal yte can be any substance for _which there exists a 15 naturally

occurri ng 2hafVitaRifeda #PeitRdPAGoReRBBPLEF P& VARLRHS afl ¥ yt e- specific

bi ndi ng ”E{W@fu&% he pneraLgdssAnal ytes include, but are not limted to,
t oxi ns, organic §
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SUMMARY OF THE INVENTION
The present invention relates to a chromatography assay device for

detecting the presence of an analyte in a blood sample comprising:
a chromatography carrier which defines a path for fluid flow and supports

capillary flow,

an application site for said blood sample in fluid flow contact with said
chromatography carrier,

a detection site on said chromatography carrier spaced apart from said
application site having a non-diffusively bound trapping substance bound
thereto,

a diffusively bound labeled substance located downstream of said
application site;

a diffusively bound polycation for separating plasma or serum from said
blood sample upstream of said detection site, and

a diffusively bound polyanion for neutralizing the polycation downstream

of said bound polycation and upstream of said detection site.



conpounds proteins, peptides, mcroorgani snms, am no acids, nucleic acids,
hormones, steroids, vitam ns, drugs 20 (including those aQrg nystaged for
therapeutlc pur poses as well as those adm nistered for illicit purposes),
and netabolites of or antibodies to any of the above substances. The term"”
anal yte" al so includes any antigenic substances, haptens, antibodies,
macr ool ecul es 25 and combi nations theredf. " Chromatographic carrier"”
refers to any suitabl e porous, absorbent, bibulous, isotropic or capillary
material, which includes the detection site of the device and through which
the anal yte or test sanple can be 30 transported by capillary or w cking

i I il . 15 JUL
5002 vio 90/ 36781 BT SRAET B0t ARE SHECeF 4 hatlPo K adtiftnd Wi, e or 2
singl e mat lpresaﬂnoerofrm‘ranalmmtcmbldaﬁts%mpﬂe dcﬁnp@sm thé gfgp@ruf zonesI )

rt n ayers al,eas S es _can pe S SO
Pong. o6 i he it FoREmEcs Bheob @3t Gaer Micaslingsa 52t R PGk e hor
t her eby s englli sigpohe depiRgfonf a@twﬁ@mr@ (Q%M@@phéétwweefok @.bm bibbdi d

flow contact permts the passage | east some conponents of the sanple,

i .e. anal ysempheinBed ftQWeCQ@tﬁéEWéh seitbclyortategraphyraadfierale) a defaatibar abl y

Nat ural - sone RS SRt Bfel PARET ahof i Sold SHTRREES et car 1

nodi fied, ®aringea neadifigsivélg bblmhdrfﬁﬁpwﬁn%Bszt@aéé beundhiderets,| (gyle latiléd ar e
not linited to: paper (fibrous ranes  (m croporous) of cellul ose
material s SHBBaRsejagried d@é\msﬁﬁé‘géofa%d@é’lﬂ“%tdﬁbsﬂ% (G)eﬁlqyfﬁﬁ'\()%% bsusH as

cel l ul gse | |y
Cocurr fo POICRS, RSB RRS LATRR oS0 RaRS RS bl DpsRlan Y, |
like. " Labeld'detettors site, ang (egebdiffasivelybowid pslyaalpalfbenetﬁtralrzmglmmg a
signal that |s det ct abl e vi sual strunental nea Var i ous

| abel s sui PABICELIPBIOGAR ﬂﬁw%?ﬁ&rea%%fe?ﬁld%ﬁveatnowa tine Ak nstisars ohpaigh
produce si g@ (%Iop,tg,t%ugh ei ther chem cal or physical neans. Exanpl es |ncI ude
enzymes an tratés, chromagens, fluorescent conpounds, cheni | uni nescent
conpounds, col ocedta'o:tlngcslam applecatidnitgawitit spidl bloed shatpb gral ticl es, and

| i posonmes or oth ge&ves Ies cont a%p Qﬂq di, rect(Jag Vi Si bI subst ances.
Preferdbly, r adP§ dNP RBFLCEL FsT g N saicbiepd sﬁé’?ﬂ Pcles or colloidal
non-netallic particles are enployed in the present invention. Preferred

| abel s include 30 colloidal gold and | at ex part| cl es. ~9 5 JUL WO

99/ 36781 7 PCT/ US98I 278EXRIE L =0 CIr@s ugate” refers to a

substance conpri,sin . a det ect abl e | abel attached 1o a specific binding
member. The at Fa8hifents RSP T v BPE S TTeROMTRAIEHt B fditng, and nay

i ncl ude n%%@@ﬂ%;%%f%pny assay davice of ths present invention.

DETAILED DESCRIPTION OF TEE INVENTION

The presen: invention is based on the observation that

red blood c2lls in whole blood samples interiere with



S hybridization. The Iabel allows the |abeled substance to pro&&%é@azwz
‘Hetectable signal that is directly or indirectly related t t of
‘anal yte iwoa”?’éyp sanpl e. The specific binding nmenber conp%ré?ﬁsggwébze

| abel ed substance is selected to bind directly or indirectly to the
analyte. 10 " Specific binding nmenber"” refers to a nmenber of a specific
binding pair, i.e. two different nol ecules wherein one of the nol ecul es
specifically binds to the second nol ecul e through chem cal or physi cal
means. If the specif is binding nmenber is an i munoreactant it can be, for
15 exanpl e, an anti body, antigen, hapten, or conplex thereof, and if an
antibody is as@dmidatGdnsberatABNEsL Sdde UBr RAX G082 2281 DO £

reconbi nant protein or antibody, a chinmeric antibody, a mXxtures) or
fragment s) tihlaashbfsampd eweihii chsmaght xetrerwisabearerBddy made otdmer specific
bi ndi ng 20 ng s, ifi X of ., speci.fj i.ndi.ng ne S include
biotin and a%%%ﬁ’n,syzas%%g%t'i b%&? %%EJHS?ES' c%r?rae%ﬁ‘énr?glf’%asgﬁ?i’ gaen‘;?%i(’ﬁ h havi ng
no rel ati on bXrcai TANple conkacaadayeeh , am spgiglcatsbhasided nsichel tkelsi d and
its conplenent, and the |like. 25 " Trappi ng substance" refers to one or
nore sheci fi%R BaYE Wewrerber SErRRt VER C2RY d aftiRPndBe BPoH® portion of

t he chromat ﬂgnh rr i tC u Lt es erein

t he analyte?g{a eﬁééfgggégﬁf%@g%g§gngcd% fquﬁgéagn?gge%gﬁéai%%%%VIized on
t he 30 chr onetegaEentcadnhiveat ionhevertdmss afhiad paroblent wisheowt critical to
the present jnvention. The_ trapping substance 15 JUL 2002 ( r WO

991 36781 PCTHUISIHHEFA8G2 "3 thatPri PaREET 1 FEE B Rfe M8t RER2YT SYRESBet ect abl e

si gnal by subst af’ﬂHé’J"f'o\i1%@19%&%&@%1@?01%‘%% peandee( 1t bg | abel ed substance
from unbound assay reagents and the remnai ni ig conponents in the test
sanpl 80 The undgHE trrgdsugs tarc empagibedes i gfollid predeon ttheexhiwamat ogr aphy
carrier before or, quring }he perfor ce pof . the assay_by neans qf any

sui tabl e attachnengnﬁ;?'gf)d. qilﬁr{ﬁélﬁ,qla’?ﬁeofr T)'bﬁfg;tgubé'?gﬁ’éﬁ 'f*r%ytq'bee provi ded
in a single gaiRainOBSithe ebmpBsitidh P& d tRT R @ orNmbASuEdd OMat ogr aphy
carrier. The 10 trappi ng substance may al so be provided in a variety of
confi gur at i ofsialy haso@bcd edstf epenepdeere t9nPindimgasicenenthe or mat s. For
exanpl e) the, trappi ng_substance C i.qured ale [, nunber,

i con, or syTﬁéﬁ%J%% %%ﬁy%goégVngFgggaﬁﬁ%rgo .éhﬁf &%%§$tfﬁ%%§?,ai:he pr esent

i nvenison prgstudes 1d ducoretiagr aphyyes saye &t € & ihdindetmenbeAGd NEPr esence
of an analyte in a sanple, preferably a bl ood sanple. The device |s
preferably iWHe oA L4 -ERREHALE gP M RI JtEMOSTh &P nESaPERR IR 0gr aphi ¢
carrier defiging dPaftlae,f bukdagd AbOW And shieh ksxgarablesdlic
supporting capillary f low) an application site for the bl ood Sanple) and a
det ecti on sitenppuckd @pateibseonpeheidedl intaticprosiniemtor atvthecadids t he
presence or anmpunt of.%?aléﬁe gresent in the bL%pd_saane. Preferably, the
devi ce al so THeI e A I54bEPEFCRGB st AhTEC Y ( ot F@BHP gale ) 98 f f usi vel y
boundz¢ 0 t he( Lly IMMBIROtHIREC atAkhE Bferdd PoPlEipRAterbadipBsds dde

| abel ed substance will bind to the analyte or will conpete wth the anal yte
for binding ¥@lk s ddoset rdnisissergheforevi Bl gitebarppgstonaed ns t wo

addi ti onal tggliééy%kv%&yagggggdi ;the 30 chrq tggggghic carrier: (1)
a red bl ood ce séparati ng agent ups rean1?$%re|na ter, the direction of

t he novenentsubstancld. 2002 termWO HHBAEY] A1BETNGOBIRZSGhyf a sanpl e
caused by capil]ary action is called " downstream and the opposjte

di rection i SPRAIEH T THPSCABSRE /) PEPLeRS R E S| f‘@cﬁﬁi“EEe‘F‘élecsapabl e of
separgging pgﬁgngbﬁgi %&%@’fEﬁQESBE.b|OOd sample, and (2) a 5 neutralizing
agent downstream of the reg bl ood cell separating agent and upstream of the
detection site to @hunbmakbgeaphycefdectdrparkifensatdyamn saudetde ef f ect, of
the red bl ood cell s%Par%}ing %g%n on the chromat ogra QX1§ stem

porous, absorbent; ulous, 1sotropic or ca%
material, which includes the detection site of the device
and through which the analyte or test sample can be

30 transported by capillary or wicking action. It will be

appreciated by one skilled in the art that the



10 In the context of the present invention, the phrase " diff@$ Jdl y2008ound"
sas appl i iven reagent nmay be defined as any reagent d,l\g@é; } he
present ﬁ‘\???})’é“?’ég including but not limted to, a |abel ed Psu Stg)rzl‘(i:‘sg,ﬁ
specific binding nmenber, red blood cell separating agent or 15 neutrali zing
agent, is intended to denote that the reagents) is/are bound in a fashion
that permts the bound reagents) to flow along the flow path. For purposes
of the present invention, any assay system nay be enpl oyed. | mrunoassay
systens are preferred, 20 including but fot limted to, lateral flow
systens, vertical flow systens, soak systens, and dipsticks. A general
descri ption eHrdamuyrapsgy caysienscas setmddy UT kelsawglecnartakixl 68 a
chromat ography strip, at |east a 25 sanple application site and a detection
site are ar redifed-hRT #rehPaRaAT &3t aphyd cardifdiererRts ZRPRE  sBPEELBRS in this

f bl i L ,
case pref et bl ok DlOAGSBIPLE) . USRS EThDle 131ag (D ARAKLE, 9Ly Lt e et

i.e. an analyt'e, nbves throu romat ogr aphy carrier capifTary
action when saldethd @s3@hehauiaiple pprsattonnsifleidafdoa kcabheked

substance or cqnjugate which is contained in | abel in ans arranged 1
50 UD 2002Ch \@0gres st BeSRERS/ SR NE B RacRRERRPoFaShy carrier in

advance is agouind dadaah the HLEFIADN, SIFRId fiheebnRhckNYRERSE

proportion to the presence or quantity of the substance to be assayed in
t he sanpl e sthaitpamsagef béchedlbysta Himaligmnparweitisorf( $hehsaspda, 5i.e.

i mmunol ogi cal reactiqgn), so that the presence or antit f sybstance to
Ibe assaygld i?FatltYetes:a%ﬁ)té’egﬁﬁ ?oﬁ°%%%p%€ % r?@rﬁy%zﬁ‘églﬁfgﬁg fRE pPesence or

quantity of pherdiis Aeeydkal £loh@bohedhiitaneR «Qk ab@NUEALEn YRET OUS

types of chronatography strips are known, and all of these known 10
chr onwf ogr aphif fardngs zonrsl udNaguThbs esWHi gt i /| lorbaagegedilyed | ater, can

be used in the present i nventiLo h e " r oqr ssay_devi ce"
as used hereln HBan: éna(r:'ﬁ%ﬁ%?ogrri%%h%ést%%thﬁ%qg%ﬁg %nggggg’i ﬁxrslu%eﬁ a way

that it can feedised dhe ahrasaoygodshy scahdd ande iskandd , abdclare not
transported._ The follow ng describes a typical exanple of a chromatography
strip. A sanpieltfshicaPrBRtsifEPFAYShe P0RARTaReSt HBLSZRPOFPHEL QARere the

|abel ed subsianae dss H8e8k) sPLELRT AP 30 A UASLIGAL YRS LERNL 9oL he

| abel ed 20 substance. en a sanple solution, suspected of containing an

anal yxr® to béenmissstyieds istchoabacébliulwdd ddersanping appkocalliliobosete) the

sanpl e sol ution noves through t he chronmatography carrier in the downstream
an

;
direction tofERHFLaA%h SLREPanBPHR 2R BH IRFUTERPE dPy Fac EPEROM!

Typically, 2gnd ha Ao (£Sg2 APIBRHNDIED Jai1RdS s @hePp&gkki ¢ fashion
to a trapping substance flxeg to the detection site, or it is a conpound
whi ch binds in a Spebellc fefsrsoct @ny substance which is capable o

producing a signal that is detectable by visual or

20 instrumental means. Various labels suitable for use in the
present invention include labels which produce signals
through either chemical or physical means. Examples
include enzymes and substrates, chromagens, fluorescent
compounds, chemiluminescent compounds, colored or colorable

25 organic polymer latex particles, and liposomes or other
vesicles containing directly visible substances.
Preferably, radicactive labels, colloidal metallic
particles or colloidal non-metallic particles are employed
in the present invention. Preferred labels include

30 colloidal gold and latex particles.



conjugate that binds specifically to the trapping substance af & ddL 2R

detection_sjte. For exanpl e, the analyte is an 30 anti body B‘?soz
t rappi ng WY e is an antigen or the conjugate contains a antl gen, and
the analyte is an 1 ~, 15 JUL 2012 WD 99/36781 PCTI US98127802 11

antigen when the trappi ng substance is an anti body or the conjugate
contains an anti body. By way of further exanple, the analyte nmay be a
nucl eic acid which binds to a conpl enentary conjugate and trapping
substance. 5 When the sanple application site is |ocated at an upstream
position to a | abel ed substance, the |abel ed substance nmay be arranged

adj acent to the sanpieapPldita@Resi t 87 OF HhidghesH! i Fissgengected from
the sanple application site. 10 Addition of the Iabel ed substance can be

ef fected by 9ab$bas<=¢reamprimnga>éarﬁﬂt@Otwbéedllﬁgeltatt@@@erttoalan posi tion

out si de the chro La strip detegtion,si fter addi tion.of the
sanpl e sol ut|8ec |nce ?%yn‘?a%ee &d ‘subs ear?(t‘fg Fgmgrra ved™ S 75 V&&ﬁng ?5

manner that hbnroyeslbyt thendigy Iaar@/naqxllmluﬁeth@cmlaﬁ:ﬁol ution, the
| abel ed substance noves in the downstreamdirecti on when the sanple

soluti &n i s BYEEHLB2ERRD sanPie Ja?ti?ﬁlngj‘lﬁi?a'ﬁs thehdapeled i hptance te
general ly | o?%gg at, adee%:l,pom t he eI e(Lilth' f&@g@é@fy | abelf %g ggﬁ/ance

and at a certaln |stance stance. 1n the
site, a trappehgtedbstanse avhdwit bJﬁ’ldﬂ’lainlt)e tie antesal sdngpleE. aThenj ugate in

a specific fashion, or binds ecifically to each of_the substances to be
assayed and ﬁpﬁglféﬁepéﬂd%ﬂ%‘% qanpdnedd 5 Hhe BAheiRdt SyPshRPCRarrier.

Consequent | y; si Bo@BE:88bLHI FEAM diie Ang) e ﬁﬁ%@&tw% 'ﬂl%e%nra@.x@el abel ed

substance), noved by capillary action of the sanple solution to the
trappil®g subst ancé Specifix donjdigat eewbech | refars tloi adsetbet hef ta appi ng 30
substance. The Iagf_ gﬁ‘#bstance bi.nds to t hus bou d S bst apnce to be

assayed, thePBB§* HPARRMY ati%n P lf C5ERt 51 AR 88P 36781

PCTNS98/ 27808nd2oEhenk alsl £6h, Bt Attt iida 1Re ndabsCtd Nthd BN T esponse
to the presence or quantity of the analyte. Alternatively, the | abel ed

subst ance an@oifeudfarhreughopseenisalcgy Hhysyicadt neans bi i ddepetitively to
the trapping Eggikggcﬁlgélﬁg member is an immunoreactant it can be, for

15 example, an antibody, antigen, hapten, or complex thereof,
and if an antibody is used, it can be a monoclonal or
polyclonal antibody, a recombinant protein or antibody, a
chimeric antibody, a mixture(s) or fragment(s) thereof, as
well as a mixture of an antibody and other specific binding

20 members. Specific examples of specific binding members
include biotin and avidin, an antibody and its
corresponding antigen (both having no relation to a sample
to be assayed), a single stranded nucleic acid and its
complement, and the like.

25 “ Trapping substance” refers to one or more specific
binding members that are attached within or upon a portion
of the chromatographic carrier to form one or more
“ capture sites” wherein the analyte, labeled reagent,
and/or control reagent become immobilized on the

30 chromatography carrier. The method of attachment is not

critical to the present invention. The trapping substance



5 a conjugate which in turn binds to the trappi ng substance, ?ﬁe#gb}mz
qeffecting accunul ation of the | abel ed substance in inverse g&ﬁﬁgﬁ%i&@ to
t he quant M399@678ubst ance to be assayed. There is a case in 278%er t ai n
| abel ed substance 10 binds both a trapping substance (or a conjugate which
in turn binds a trapping substance) and an anal yte, but not sinultaneously
and, in that case, the analyte firstly binds to the | abel ed substance and
t he remai ning | abel ed substance which did not bind to the substance to be
assayed 15 binds to the trapping substange. In consequence, the presence or
gquantity of the analyte can be anal yzed by neasuring the |abel ed substance
accunul ated | i_n ; | , Mari_qusg. substances
are | ocated gc%glgﬁﬁéa%%gﬁﬁ ?’ ﬁgg g{e}étéléﬁ?oﬁfﬁée%%%%%gﬁepls\é%gchﬁ/j ugat e may
be so | ocat egubstantinidy eeparaeing! thes cifa Bae N e hemladedddi ti onal
detection sites Q§¥ be arranged downstream of the first detection site.

Al so, downst FERSFICG HE e PBA PSRy FRAIENSy A £1Es HemPiRdPdext ensi on

of the chromal@gsaiis Gaf tihel 89t ! Bahpfe Sarfl SQAIGYIIHD L chadi aghar ged
conpletely or the carrier may be equipped wth a material for use 1h the

absor pBi on obe t irangaingl ze ds oinut henchfbat odtephyr esende robedganst oty of an

anal yte of , 30.1interest %n a sanplg sol ution can be foqu %& nmeasuring the
presence or QUEHY t§ P IPIFAPER SEbSTRRT R AYmNCARSI 9 @Y1 5 JUL 2102

.~ =, VI 991 36781 RCTINSQBAZ802ndBnbde Ga1,a0id/ON t¥iel @rdghieRe | nst ance,

this may be acconplished visually. The present inventionis intended to be
used with ansubsvanrsamy e providédgines whr¢ gledantidmtsiite prefiarably 5
used with a bl pod sanpl.e caontaining red.blood cell e. g... whol ¢, bl ood.

ot or 6 acsayHTRRE PR SEn Ry PG 5F CFAT et P are | GoF=aahl o "Bhe 1 ed

bl oodieel | s ergpopied enaldtancenRugdaio the MmesaEddS iln0 aveiale i Witk hothe desired
sensitivity. Thus, |0 according to the present invention, a red blood cel

separating agertiguraiiang €6 PRedufe ohbtRraphietactiion omreferably, the
red bl ood cell, {Héﬁ @%rﬁ&%gt | gogdi Lf f@%'%ﬂﬁpQHQ%éélnéh%uﬁﬂEgggéography
ood cel un

carrier. The re separating agent may be to the

chr omat ogr aphyy cee re@rf iagturedy asoaal e oremhioiniwid,| ifadiGt ican symbeapavat e t he
red blood cells fromthe plasm or serum It is preferably diffusively
bound to t he2Bhr SRR FHESm 5%€5FPFer upstream of the detection site. Most

prefengbly the red, i0qd @kl SeRargtl&h@USVertS i fHbiiely sbound at 20
the sanple application site. thi's l'ocation is pref erabl e because it causes

aggr egat i on ohrometomhriivoedserl Heviase shomn det ddteynaartdenprleisesiceoof he
chromat ography caryier resulting in mpimal, if . any,.interferepgce in the
fllow of the SBrimbFSIHs e "80P8R PRECTATIS B 5T actlen, 25 The
red bl ood celéviepaiatpgrmFeaaenty 0h the pFRseid d REraddbgraphie 8byip

subst ance capabl e of aggre%ating red bl ood cells. Preferred agents are
positively cRaripRdl andiEOmatoIzarhiascpor iratdafigiinghd maithy fergfluid

PoL b g A LR LI oLl TR 0,E) the
pol y- L-hi sti dppricpuion Eitel £orIthe 20D204d ,samp ) HDB G/ & tlRCE/idR9847€802
spaced apart from the application site for detecting the
presence or amount of analyte present in the blood sample.
Preferably, the device also includes a labeled substance
25 (or conjugate) diffusively bound to the chromatographic
carrier. 1In a preferred embodiment, the labeled substance
will bind to the analyte or will compete with the analyte
for binding at the detection site. The device preferably
contains two additional agents diffusively bound to the
30 chromatographic carrier: (1) a red blood cell separating

agent upstream (hereinafter, the direction of the movement



14 vinyl pyridine), poly(4-vinylpyridine) hydrochloride; 15 JUL 2002

‘pol y(*4-vi nyl pyri di ne) cross-1inked, nethylchloride quaternary salt:

pol y(4-vi n Pﬁ%?@i ne-co-styrene); poly(4 vinyl pyridinium po%ﬂﬂ%?’@f@%
fluoride)); poly(4 5 vinylpyridiniumP-toluene sulfonate); poly(4

vinyl pyridiniumtribrom de); poly(4-vinylpyrrolidone-co-2

di net hyl am noet hyl nethacryl ate); poly vinylpyrrolidone, cross-1linked; poly
vi nyl pyrrol i done, poly(nel am ne-cof or mal dehyde); partially nethylated,
hexadi met hri ne 10 brom de; poly(d u, Lys)s 1:4 hydrobrom de; poly(Lys, Ala)
3:1 hydrobrom de; poly(Lys, Ala) 2:1 hydrobrom de; poly-L |ysine

succi nyl atedo el yekyse & ed by %%Q%W QEi:ié‘HdiEOJ:é(ﬁ-éch‘igll Trp) 1:4

hydr obr om de. The nost preferre ol'ycat1on 1s poly (dinet di al |yl
amoni um chl‘odpdestifedVer gudt £180ppddete el vdardebrceld csdpadati ng agent of

the present invention may he used in apy suitable amunt which functions to
separat e the rBESHI oYY 8ePIl%st#?ogr?Fﬁ‘ét+%%tSJ§fe e s é,aPP}JEFe? bly, the

red bl ood celdepseRatiayi Pladha adenfe /RY R8mPEREEPIobA SakPIE LAl (2qN 50f
from about 0.04%to about 1.3% (weight per volunme), with from about 0.13%

to abolt 0. 33R¢Ewelihinpergeny Wavnsiaicay Abr ehereedrbbaod sgrllabout 0.20%to
about 0. 33% i .per_vol une) ., bein st -preferred. 25 A positive charge
on the red bl(s\o@gﬁg%éfﬁgsae%%?%t? ndg ufdset%ieg%aéfa{zﬁgné%ﬁgﬁt%%nasg"gtreed:éate any
negatively chaugedlageninpresfatt OparitdcallbkDy &Ara&xanpe e=f fedpbired
substance or conjugate bound to the chromatography carrier may al so be

aggr egat ed b;}:*&ehéegehlg%o%ﬁbbme@é&&rlaﬂ AgeBD apehbe | AREPPRFIITFPMYt h

bi ndi ng of t s@@%l yte to the conjugate or, in a conpetitive assay, the

bi nding of th ‘5 JUL ~2 WD 991 36781 PCT/ US98/ 27802 15 | abel ed subst ance
and theo anal yte ofini nheresitdsxr tdfe theappesgnsubstvanceont tie matpet i on site

or a conjugate. Utimnmatel 3{3 the sensitiyvi tc}/ and accuracy of the imrunoassay
system may be ébﬁﬁ?%ﬁY%ﬁﬁi ound” as applied to a given reagent may be

defined as any reagent used in the present invention,
including but not limited to, a labeled substance, specific
binding member, red blood cell separating agent or
15 neutralizing agent, is intended to denote that the
reagent (s} is/are bound in a fashion that permits the bound
reagent (s) to flow along the flow path.
For purposes of the present invention, any assay
system may be employed. Immunoassay systems are preferred,
20 including but not limited to, lateral flow systems,
vertical flow systems, soak systems, and dipsticks. A
general description of known assay systems is set forth
below.
Generally, in a chromatography strip, at least a
25 sample application site and a detection site are arranged
on a chromatography carrier. A sample solution, in this
case preferably a blood sample, suspected of having an
analyte of interest, i.e. an analyte, moves through the
chromatography carrier by capillary action when added to
30 the sample application site, and a labeled substance or

conjugate which is contained in a labeling means arranged



5 Accordingly, when the blood cell separating agent is a posi”v‘&"‘yz@ﬁar ged
‘Mat er’i'al , the present invention preferably enploys a neutralization agent.
The neut WO 9923%781on agent is capabl e of neutralizing the poRfTUSB A% ge of
the red bl ood cell separating agent, 10 thereby elimnating or at |east
mnimzing any interference to the assay system caused by the red bl ood
cell separating agent. Preferably, the neutralization agent is diffusively
bound to the chromatographic carrier. The neutralizing agent may be

di ffusively bound at any |ocation on theol5 chromatographic carrier where
it will function to neutralize a red blood cell separating agent, but is
preferably bacatesh-SeansdrgH) Harkiers 6d Bhogdccels sepanalddeg agent and
upstream of the detection site, and nore preferably is |ocated at the sane
pl ace on t hehe(deteomngigshindirestdiokf asveesy boepelrd igrelted tdgbst ance.
The neutralizing agent may he an | yani on _capabl e of_neutral.i zi t he
posi tive ChBIGETHI® (e Dol fobT1S SHBAF DT Rg Agent 2o TS b Padne

pol yani ons kaghrsesdphyider Wire@dby BObYhashy! tead€ish Muckaklk) an25

pol y(nmet hyl nmethacrylic acid), poly(Na-4-styrene sulfonate), polyvinyl

sul f oRi ¢ aciTunpbrgicahgraatiiemdci ¢° ShatcihBoryseenrss @rlduansdsy with
dextran sul f at i e st__pr rred,, The_neutralj zatjon _agent may be
present in égyg%ﬁ%%%%%omﬁ%cﬁs%&%ﬁ (%Elst 6 neu irrl%ll ?(ine&'?#en %(%’i ?’leve char ge
of the red bbowd ioelhesapam] ivhe agedlencecser ghhyrityeof thed thids 2002 WO
99/ 36781 PCT/!1S981 27802 16 concentration of the neutralization agent is,
dependent uPBFRUTRERA R CEIRGIAS SrbStange PEJCBPIBERER! | @iaYs th§Sagent
bei ng used. JPr ralizin nt .1 sent L .a
concentrati 8§ %@%f%rﬁ%%%%ﬁ org.%%%/o t gygbgﬁtggg(b%aﬁe% t tpﬂé%}’evé‘f‘ﬁﬁé) , Wth
aboutl 00. 34%hooradnoed r vy (amdigist, perclvdingekhbee nghibeit evidrlefoer red and 0. 34%

to 10% (wei 8ht per vo] une) being nost prefg{nred. Filgur,e 1 depicts_an

enbodi nent ESARtR _ o0& o ab‘ﬁ?dai-?a gebteee ‘E:c’cﬁ‘ﬁﬁrﬁg'% t R&&pr esent
I'0 inventioperdhe &%&%o&aﬁﬁgpéb%? 8eGhEOMRIN0NARAY BB hEhedfs d-0Cal ed
on the chromatography carrier 20 is an application site 30 for the bl ood

sanpl e. I n chrenprederplad shigdiwndetn, ishproddcbiobn swth mear &hang agent )

i.e., Merquat 100,. is located on the appli.cation site 30. 15 Adj.acent to
the appl i caf‘f:o%a%i]?eé %’?)ecfc b@ c?glﬁl

& A RSTGE ER5ad 48P BNt 2i T i TR j ugat e,
i . e, 1sel eni ypahabsresh bi ndi ng substance and a neutralizing agent, i.e.,
dextran sulfate. Further downstreamis the detection site 50 which after
t he The following describes a typical example of a

chromatography strip. A sample application site may be
located at the same place where the labeled substance is
present, preferably at a position upstream of the labeled

20 substance. When a sample solution, suspected of containing
an analyte to be assayed, is contacted with the sample
application site, the sample solution moves through the
chromatography carriexr in the downstream direction together
with the analyte effected by capillary action. Typically,

25 the analyte is a compound which binds in a specific fashion
to a trapping substance fixed to the detection site, or it
is a compound which binds in a specific fashion to a
conjugate that binds specifically to the trapping substance
at the detection site. For example, the analyte is an

30 antibody when the trapping substance is an antigen or the

conjugate contains an antigen, and the analyte is an



assay has been run will exhibit a control bar 60 and if the 2@ gypsysnce to
‘be as'sayed is present, a test bar 70. In another enbodi nent _of the esent
invention)”%?%ﬁ??br may be contacted with the application sFEYUSH ably
after the application site has been contacted with the sanple. The buffer
aids in maintaining an 25 acceptable fluid flow rate along the flow path on
the chromat ographic carrier. The buffer may be any substance which is
capabl e of flowi ng by capillary action along the fluid flow path including,
but not limted to, phosphate buffer, phasphate buffer saline, Tris-HCl
buffer, carbonate 30 buffer, citrate buffer, HEPES

(2 hydroxypi Rekagkacyhka2: 5L Nanes PHbAGHR: BUT LAY anbbBSuf 5 Npe 1 5 IUL
2110Z WD 991 36781 PCTNS98I 27802 17 ror phol i no) propanesul fonic aci buf f er
MES (2- (N norgpnghigrorethanasns fami antaiddaly .buByewpyanl fhethekeaxahigllzough

th t [ d pH b ) t.rati d_pH which wll k
the desired dUSag"aeVFEe™E F f STAHIG) 1 i oIt Ty Pratana Fange of from |

about | O t @APadhe A9 888 i RIS draPidBoBLbELdnagd nore preferably
from about 6-8. Most pre erab? , the buffer enployed is 50 nM phosphate
buffer,5pH 7. 4. THbef| ohe s@mﬁse appl isatd adm sike peedenpatedvatntaron is 10
dependent upon the_device, size. Desirabl e h flupd volu s used to
permt fluid “BoR TR 885%#%% TRt ?ea}?egl%%esu %’téggﬁeémkg?tg?b%?ee erably, the
fluid vol une gupsitnaer adgebef atbtie mdihdentaliout hd08amdle and nore
preferably fromabout 40 ~1 to about 60 ~1. Accordingly, the buffer, 15
when needed, aPRy}ipata@Be8FH %?VQHLﬁﬁPQ%ﬁﬁ$930ﬂ1§F@ﬁP85g9@ fpomithe about 40
~1, and nore r : b 20 ~1 to about 30 ~1. The present
i nvention is%&gggdgpé%%%ée%ga&n% hod for detecting the presence of an
anal ytein a bl oodddanpbe. 020tk el &sedlEdd/ , subiser amethodnebpl efSedthed by
chromat ogr aphy i nmunoassay devi ce of tﬂg}present,invention. Speci fically,

(o]

t he met hod c_ﬁﬁﬁP&ésmFT?Spr59?d?¥@?2§?; ﬁﬁFB@ﬁaﬁﬁyteaPrF%Ftﬁﬂ?ch defines a
path for fluigghlkowncanabl&e Of he UPRRIM it Gy ls@iY pf havecfl OnGMhi ch are
an application site for the 25 blood sanple which is in flurd contact with
t he chromat ogfaehyadditien)of tet esptnie sialaitdent.ne chromat ography carri er
spaced apart fromthe application.site, a diffusively l.abel ed substance (or
a conj ugat e) mhicﬁlBFﬁdgﬁ?ofg?eg%ﬁwﬁﬁgﬁfﬁﬁqﬁﬁ1fh§r535§§ e FofUH i ng at 30
the detzcti Omna%inke, tfadi LEusbves YoPpoihel d4d 1012090 aetl bnsepatrd i signgagent for
separating plasma or serumfrom said 1 5 JUl 2002 WO 991 36781

PCT/ US981278CFRPL1g ipreofhsatpbel e stieaiaisie fMeyegeidcthendsynetrea® a

conj ugate bo .t he o] o] rra.er .2 tact]

application g??gk%ﬁﬁﬂ Yﬁgﬁbpgédgé éﬁgﬂgﬁgi 5% %ﬁgggeggbkggd%{ﬁh%e
separati ng agewtingepamates the red

The detection site is generally located at a

20 downstream position from the labeled substance and at a
certain distance from the labeled substance. 1In the
detection site, a trapping substance which binds only to an
analyte or a conjugate in a specific fashion, or binds
specifically to each of the substances to be assayed and a

25 labeled substance, is fixed to the chromatography carrier.
Consequently, in one embodiment the analyte (sometimes
linked to a labeled substance), moved by capillary action
of the sample solution, binds to the trapping substance or
to a conjugate which in turn binds to the trapping

30 substance. The labeled substance binds to the thus bound

substance to be assayed, thereby effecting accumulation of



5 blood cells fromthe plasma or serum of the bl ood sanpl e, dndl Whe 2002
neut ral i zi ng agent neutralizes the positive charge of the separating_agent;
and (3) dgﬁﬁﬁﬂgﬁﬁ the presence of analyte in the bl ood sanﬂﬁgnuﬁﬁﬁvgpably,
the bl ood cell separating agent is a 10 positively charged nmaterial and the
path of fluid flow contains a diffusively bound neutralizing agent, which
is preferably capable of binding wwth said red bl ood cell separating agent
and is | ocated downstream of said red bl ood cell separating agent and
upstream of said detection 15 site wherefyy the positive charge of said
separating agent is neutralized Thus) in the preferred enbodi nent of Figure

L ablood sample,is pRlired L.t b eRo! d6ALd A a0 sandeLhsnted: bl 00d

cell separating agent separates the red ood cells 20 by aggregati ng them
and permttiung tdregdmremeroquaatinyt of nove dnaloams .| | alyezobkcometipywn t he

chromat ographi c carrier 20. The neutralizing agent in the conjugate pad 40
neutral i zes ?%%]é#FﬁéFESH%SFHQCFeBngl55% %%ﬁ'WﬁﬁpéFﬂFﬁngyaﬁéﬁkfgﬂrYhe

device 10 ang. G UgakR BehoeRs cabahyt €c s it BeneeRhegate psesent
in the conjugate pad 40. The anal yte bound to the cdnjugate continues to
move dbwnst reamrtingate ditiedt iionteirnebbeds |fo thhe aralpptiagobubatanest is
present the test .bar 70 w.l| appear._ To indicate .that the test is working
properly, t N LSk A Esg-188 ﬂEEPmﬁbﬁEé?ngfgvéhﬁlﬁﬁbeﬁﬁg 5H§F§?Ec%fl?nterest
IS present Ofnidlse prbporiWon2@b2cUO §94R6181 SCENBILALR02018e The present
invention may preferably include a nonreactive cover or enclosure around
the device. #¥¥¥Y¥&%bly, the cover encloses at |east the chromatography

carrier to avoid oAt withand.coniani pallan of 1L capLULe. shigs. 5 The

cover may also in e a raliséd area adj acen he "appli catron Site to
facil1bat e reneisvideghrdieappinbasibegaiceeldAian cooljuatel whilehsanpl e.

Addi tionally, the cover may include a cut out area or areas_in the form of
a letter, nurpar Pinden2 SFappiBel SUBFtanse s fat ifd@1Y6etr hBREOROt | n this
enbodi nent, or .ar f t ' Ol ,C

detection si%%ﬁgfﬁﬂag§ﬁ%ﬁ§rg%??pl?sgggﬁp %%%19§E %%% Qt%t%ﬁggéégfg%géﬁ t hat
a sufficienttpotd drbefl edhesudistapcbeardcalsedrdna iprieedabapphli ed sanple from

contacting the detectign sites wthout 15 first passing through a portion
of 'the stri pPUARERER, M I RePREGEORI TR PIRSMREtaRsEnt PoRenBg= BE=tsed i n
any agsay Sysigis itdh WHLR rAppieedsa88PhRcEONt A oz qRidakXt ergk i nterest.

Exanpl es of preferred systens include, but are not limted to, Hepatitis C
virus 20 (" Psence iapauianitd tX eifr tbe (anakwre carHheaanpAwgaddeyi ci ency

Virus (" H WV hepat i ti ur.f ac nt i bod " JHBsAb" ),.hepatitis B
surface anti?ﬁéﬁ%;l4§&ﬁgf'af%e§§8aFP§F§aﬁf%oﬁ%&éﬂﬁﬁ %§@§1 "tﬁﬁcAb" ),
hepatitis B eede-taliid @R¥ans’. HBCcAg" ), Carcinoenbryonic 25 antigen (" CEA"

). al pha-fetoproten (" AFP" ), a pancreatic cancer marker (" CA19-9" ),
syphilis, tuberc®osicSasigratesands sHARHPES BIRF PETGSe 2K 6y ePC2TRE

foll oyyng ex r gl :at.e_t pr j nt L,o oul d not
be co%gtrued?ﬂ?%ﬁ%wgQ&%g%eage§%%ﬁﬁﬁgtF%ggitgﬁggg%gkﬁﬁg' 2 ELn9H§a§Q
may be so located in a movable manner.

In some cases, one or more additional detection sites
may be arranged downstream of the first detection site.
Also, downstream of the detection site there may be a
25 further extension of the chromatography carrier so that a
sample solution can be discharged completely or the carrier
may be equipped with a material for use in the absorption
of the sample solution.
Thus, the presence or quantity of an analyte of
30 interest in a sample solution can be found by measuring the

presence or quantity of a labeled substance accumulated in



1 5 JUL 2002 WD 99136781 20 EXAVPLES Exanpl e 1 PCT/ US98/ 278020 réts M%bod
.Cell-%@or&ﬁ§ﬁgk%$evs. Se- Con-i uaate Agarecration by Polvca1§ gﬁeﬁgglthe

pur pose o sent invention, aggregation of red bl ood ce s) in
whol e blood is desired while aggregation of the sel enium conjugate i s not
want ed. Various polycations were tested to see which would cause sufficient
aggregation of rbc's while only mnimally |10 aggregating the sel eni um

conj ugate. Sel enium conjugate of H V-1 reconbi nant protein was prepared in
the follow ng manner: First) seleniumcol3oid was prepared by reacting 32
mM sel eni um oxi de with 91 nM Lascorbic acid in an aqueous solution for 72

hours at 42C¢hb5gERbsr $6h s tdn call end WAstghédl! echid iy @t i cal density of
30 at a wavel ength of 550 nm and then reacted with 40 ug/m of reconbi nant

H V-1 envel opecpmpiéshed nvBuadMyTris buffer, pH 7.4 for 20 minutes at room

tenperature. This | eni um col | 0i d-.1 abel e | V= 1. protein conjugate _was next
diluted to 20 an 8§§i REFSHhst Ty n%f“%ogﬁt ggy‘e\/réc\l/% e"{%tk?'ne of° 6’1%%11 PRY10 v

Tris buffer, mbod. 4a@pné pi MdhdinkYseaani Andaplhsmeulnited § @re2@rabayt es at
roomtenperature. The conjugate solution was then centrjfuged at 1970 x g
for 20 m nut &segdt with & %@ml&nFOﬁé%veagth@qﬁelq%{lsai §cérded. A
vol unme of 25w%gl?N%IEL$ buffer, pH 7.4 containing 2% casein, equivalent to
one-tenth the volume of "the supernatant, was then added to the supernatant.
Finally, this conpugate sodairen feas tiel ahetlyte ah opteérxalt denshiey of 10 at

a wavel ength _of 550 nmin 50 nM Tris buffer, gH 7.4 containing 1% casein,
2% 30 sucros®@18RE S3FPAet oke red| bJogd cobys are preferably removed if

the assay is to work with the desired sensitivity. Thus,
10 according to the present invention, a red blood cell
separating agent is bound to the chromatography carrier.
Preferably, the red blood cell separating agent is
diffusively bound to the chromatography carrier. The red
blood cell separating agent may be bound to the
15 chromatography carrier at any location which will function
to separate the red blood cells from the plasma or serum.
It is preferably diffusively bound to the chromatographic
carrier upstream of the detection site. Most preferably
the red blood cell separating agent is diffusively bound at
20 the sample application site. This location is preferable
because it causes aggregation of the red blood cells as
soon as they are applied to the chromatography carrier
resulting in minimal, if any, interference in the flow of
the serum or plasma along the carrier by capillary action.
25 The red blood cell separating agent of the present
invention may be any substance capable of aggregating red
blood cells. Preferred agents are positively charged
materials such as polycations, including e.g., poly-L-

lysine hydrobromide; poly(dimethyl diallyl ammonium)
30 chloride (Merquat®-100, Merquat® 280, Merquat® 550) ; poly-

L-arginine hydrochloride; poly-L-histidine; poly(4-



WD 99/ 36781 PCT/ US98r27802 21 Aqueous sol utions of the fol | oul AgVt 202
.pol ycat i prepared at 0.25% (w v): Poly-L-Lysine hy )

nol ecul a(r)a'vé\)edi&gﬁlﬁl( myv) 37000; Pol y-L-Argi ni ne hydrochl ori de%%%?ﬁ@z 42400
and 92000; Poly-L-Hi stidine, mv 18400; 5 Hexadi nethrine brom de, Poly
(Lysine, Alanine) 3:1 hydrobrom de, nw 35000; Poly (Lysine, Alanine) 2:1
hydr obr om de, nmw 49300; Poly (Lysine) Al anine) 1:1 hydrobrom de, nw 41600,
Poly (Lysine, Tryptophan) 1:4 hydrobrom de, nw 38000 (All of the above

pol ycations were 10 purchased from Signmd4 St. Louis, M);

Pol y(di al | yl di met hyl ammoni um chl oride), nw 105 to 106 (Merquat ~- 100,

Cal gon, PittdbyighriBihe) Theonbid i vdihifpyidieiae)olhydabeabsri@e aggr egat e
either rbc~s in whole bl ood or the selenium conjugate_were 15 observed in
separat e r e®OLYdfs VBHY ABYT L rop o1l igtkesh, gretiidciarrdde pol ycation

sol utions tQ,aRe8 fy & Lhely MR iR 1l gt vi-BRe$8! 51V -
conj ugat e. %neeseoﬂﬁ?#’oﬁgiy\gf%&rﬁgey&a#& sté'r é'?iJeat roo%teﬁgéé(?t#jgafor
m nut es, thenngdgyeddtinbam wasl yelgtdradasth \ilsicadilde) ) Theo29 (gesults are
summarized in Table 1. A one;)cﬁ)fllus (+) indicates weak aggregation, 2+

i ndi cat es nUdEYAP¥TIGIREYRTE UrPlusRE BM are)iin@C%i& st rong aggregati on.

15 JUL 2p2+f; L3816t 22 bRkl P @l -24 3 lidone-co-2-
Aggr egat i onPoIingl’ca i onMbl ecul ar Wi ght Iieg;gg?god Ce%ggg?gohj aggt%%o? y-L-Lys

HBr 370002+2 Aileghail amifodthyt met0R2asRaEbe)L- Aod yHEL121092x01Rdbye | - Ar g

HC1424002+2+Pol ;A&g HC19 000.2+i%POI -L- i518403+1+l-k;xadi net hri ne

Br ++Pol y ( LyEOSR 1547  BR 55 00T APBASHARE R4 (3= 12 REPA580D+2+4Pol y
(Lys, Ala) IoknHBudhfQOY 2 R0ty {11145 mekit] ke HBeX8A0A3# B Ae PO yeat i on
that causes aggregation of rbc's (2+ or 5 greater) while causing m ni nal

aggr et i on ksemgdeenrahy ok udats? (24 drydredyrmisel; dPpéyalysodhikdbi ce.

Those pol ycat.i.o i a.2+ in-h cat ries fi I iteria, .
Pol y- L- Lysi ?ise' ngs'dgﬁ%Q%%éﬁat&ng&%sr’e Ag‘% sezﬁﬁf gb’%%' %rgk %‘é‘?a%rfﬁ?%fr h
Mer quat - 100 yeiing thecihglatead! fifveaiys/eala) 1:1 hydrobromide; and

10

poly(Lys, Trp) 1:4 hydrobromide. The most preferred
polycation is poly (dimethyl diallyl ammonium) chloride

15 (Merquat®—100).

The red blood cell separating agent of the present
invention may be used in any suitable amount which
functions to separate the red blood cells from the rest of
the sample. Preferably, the red blood cell separating

20 agent may be present in a concentration of from about 0.04%
to about 1.3% (weight per volume), with from about 0.13% to
about 0.33% (weight per volume) being more preferred, and
about 0.20% to about 0.33% (weight per volume) being most
preferred.

25 A positive charge on the red blood cell separating
agent has a tendency to aggregate any negatively charged
agent present on the strip. For example, a labeled
substance or conjugate bound to the chromatography carrier
may also be aggregated by the red blood cell separating

30 agent interfering with binding of the analyte to the

conjugate or, in a competitive assay, the binding of the



15 JuUL 20f2 WO 99r36781 PCT/ US981Z7802 23 Exanple 2 PrevengigngyiCamgeuar at e
.Aaar-€aation with Pol yanion Neutralization 5 A Conjugate Fl ow and

Aqgar eaat i OMOPP/3678ht i on usi ng Dextran Sul fate Using Pol y- L- LFSTHSHZ 80 he

pol ycation rbc aggregating reagent) various concentrations of the pol yani on
dextran sulfate were tested to see if the positive charge of the polycation
could be neutralized by 10 the dextran sulfate, thus preventing aggregation
of the sel enium conjugate caused by the polycation. The dextran sul fate was
added after the polycation had al ready cagsed aggregation of the rbc's to
occur, but prior to the polycation interaction with the sel eni um conj ugate.

The 15 7ol | owdiexPerbIPOL LAl aed 09 2L1 86t pleLis. Ral ysl Lon and

dextran sul fate on the aggregati on o €l eni um conj ugate and its
subsequent akirhbpyngostbevanton tthe idereradbnosbt©graphcstjugaceAn

i mmunochr omat ogr_aphy strig, conposed of a Sanple 20 Pad, a Neutralization
Pad, a Conj u§atém™ps@lYantPe TRATGI VO YSB P 2CHRE2EY Rivifihe I MG o88#Ble Pad

was prepared St}\étgga}ﬁgpgbg o Nhde Py 20 mmlong glass fiber filter
(Lypore 9524, “Lydal I',” Rochest'er, NH) in an aqueous sol ution of 0.33%

Pol y- L-4ysi ne hydAoboodidely mwigt00he Silgwd, c8L1 2&pdimtiing MJentt Henadryi ng
it under vacuum, Neu{l’\%al Lzaticgn Pads, con&‘ai ni n%ﬁgi fferent. concentrations
of Dextran SEPFALEYEh¥r EPRT G raF o ddoakiPfgPECAfithi Y SF ™ mm | ong

filters madegofrueael PUbRp BOPs ROINRSHAN 1G3eRbAT 8g88O1, e pout, W m ngton,
Del aware) in 30 aqueous sol utions containing 0% 1.1% 3.3% or 10% Dextran
1 5 JUL 2002neutralwrodpgedsentPdH Wseeblzgos Rausmr¥iding mkes000 (Si g,

St. Louis, M. .Alter akin t.he pa wer,e i ed under. vacuum, The
Conj ugat e Pa O\ﬁéglﬁgeﬁéggﬁebgf sto%%r%éjd Z’l O%ﬂc\%i?ies%%a% nrgmal%or?é:'gl ass

fiber fdlter cheypbyecebddnatytipldr & ReakReskhehimMNelind nareli@itddPerence
col | oi d-| abel ed HI V-1 reconbi nant protein conjugate prepared and diluted as
in Exanpl e 1toafberassaxi pystemeaangdudat shpagedablend «te und@Paraciom

agent. Preferably, the neutralization agent is diffusively
bound to the chromatographic carrier. The neutralizing
agent may be diffusively bound at any location on the

15 chromatographic carrier where it will function to
neutralize a red blood cell separating agent, but is
preferably located downstream of the red blood cell
separating agent and upstream of the detection site, and
more preferxably is located at the same place on the

20 chromatography as the diffusively bound labeled substance.

The neutralizing agent may be any polyanion capable of
neutralizing the positive charge of the red blood cell
separating agent. Preferred polyanions include
poly(acrylic acid), poly(acrylic acid, Na salt),

25 poly (methyl methacrylic acid), poly(Na-4-styrene
sulfonate), poly(vinyl sulfonic acid), poly-L-aspartic
acid, and carboxymethyl cellulose, with dextran sulfate
being the most preferred.

The neutralization agent may be present in any amount

30 which functions to neutralize the positive charge of the

red blood cell separating agent. Generally, the



The Detection Strip was a 4 mmw de by 40 mmlong 10 nitrocdgl§ yUbsa2
nenbrane filter (catal ogue #H964361, M| lipore, Bedford, MA). H V-1

envel ope WQYPBEIAl at a concentration of 5 ng/m in 100 nv TrRGI/BEM822§02 pH
7.4 containing to sucrose was added to the nitrocellul ose nenbrane so as to
forma line across the wwdth of the strip 15 at a position about 1 cmfrom
the end of the nenbrane. The |ined regi on was backed with Pol yester

Lam nate (code # 7733, Adhesives Research Inc., G en Rock, PA). This was
allowed to dry sufficiently so as to fiésthe antigen to the nitrocell ul ose.
20 | mmunochr omat ogr aphy strips, 4 mmw de, were assenbl ed using the
conponent s above b gl aci ng them end-to-end | ongitudinally wiith a 1 mm
overl ap bet \ﬁé’é‘ﬁe&%ﬂ %%?:t?%n?h%ri%tt%%tﬁﬂnl 8 §n§aﬁﬁl-geéﬁﬂdﬁ?t dtP%end,
next to whi glheWasnBlaces: 05e Hf dHie ¥k BIdoangeheukeghi-aat hgnafads, 25
followed by a 4.3 mm|long Conjugate Pad, and finally a 40 mm|ong Detection
Strip. The &sdegbheddst rPpefemahlion Wy sead r@lin ingl posner ipapfesert (code
#8648, Adhesives Research lnc. e ck.. RAL.Lr e top.of the

Dot ecti on SEFt B FORTBRRRRT 1o The 10l CORUSr Crie *obf Boerbagr By yptant

appr oxg mat elgerlQoltmef , t e Sodphie: Rad expes atouki gbty (wkightpp@sma was t hen
applied to the Sanpl e Pads of each of 15 JUL 2002 .. WO 99/36781
PCT/ US98| 278@2ums) t heingmmews Moy St-8itps teoAPAii AWA§INewrs®l i zat i on

Pads with eivtotigg]eg)%) }n%:f%"%é%%ﬁﬁ%% Dextran Sul fate. Aggregation of the

red sel eniumconjugate abi 17ty of the conjugate to flow al ong the
strip were obseryegubeVi sdepidts Rasdnrdisemen oifnafabl e 2 bel ow, i ndicated
that, w thout the Bresence of Dextran Sulfate to neutralize the charge from

the pol ycat i*6FUEBFHY PBAL CTFRPIE| & AIMASYH Gy CECEGIPEgaPeBRaNBr $#& thot  abl e

to flow al ong bReiShl i Prnd NEd @i dd PP 1Beer 8€ chebRki8gshbRy bet ween
conj ugat e aggregation 15 TABLE 2 Dextran Sul fate ConcentiationConjugate

Aggr egat i onCemrugat 20 Fl cld8ated .difsthe 3BUWnato¥rapBy BBCrAerazeckatdron in

t he Presence o&Dextran and flor#v, V\Athéﬁ?@r%entraéi ons _of Eextran Sul fate of
3.3% or gredPBriGBFAGRsEHET I 2rkOT FHSt E8fPaGat e T8g5PeFat i on and al | ow
conj ugat e t g klrawrahosghddenstt | RheShddta Joa eeder skpagaseng dhenaf f ect of
dextran sul fate on rbc aggregation, the above experinment was repeated using

20 whol e bl da@.asmeheuaePpl @ Wi 1H%tReX bharhSubpplécaniandsBtemad.ong by 4
mm wi de Neutralization Pad. After assenbli n% t he i mmunochr omat ogr aphy strip
as abbve, udidigceRrstRetilns ArRkkGaiPaE1t80301 i6f awrerauBRE6dPHRS: Gppl i ed

to the containing the conjugate, i.e. selenium labeled binding
substance and a neutralizing agent, i.e., dextran sulfate.
Further downstream is the detection site 50 which after the
assay has been run will exhibit a control bar 60 and if the
20 substance to be assayed is present, a test bar 70.

In another embodiment of the present invention, a
buffer may be contacted with the application site,
preferably after the application site has been contacted
with the sample. The buffer aids in maintaining an

25 acceptable fluid flow rate along the flow path on the
chromatographic carrier. The buffer may be any substance
which is capable of flowing by capillary action along the
fluid flow path including, but not limited to, phosphate
buffer, phosphate buffer saline, Tris-HCl buffer, carbonate

30 buffer, citrate buffer, HEPES (2-hydroxypiperazine-N’'-2-
ethanesulfonic acid) buffer, MOPS (3-(N-



Sanpl e Pad. Fifteen mnutes later, the result of rbc 25 aggre“g%t‘luén%s
.observed visually and the ability of the 15 ,IUL 2ai2 ;, W) 99136781
PCT/ US98/ WBYB6Z resul tant plasma to flow along the strip REHUN 2826 .
The rbc's aggregated, being retained on the Sanple Pad, and did not flow
onto the strip, while the plasma flowed 33 mmalong the strip in 15
mnutes. This indicated that the 5 polycation in the Sanple Pad was still
able to cause aggregation of the rbc's in the whole bl ood sanple, and that
t he presence of the polyanion, Dextran Sufate, in the Neutralization Pad
did not interfere with this rbc aggregation. 10 C. Coni uaate AaQregation

Preventi on by Palyani 0 (LNSC.pebX0T QDR pat s AES! Sihel GoeYALuale thel ¢

ability to pr I'on o e seleniumconjugate as in Exanple 2. A
A 15.5 mm | ongrghold nanesihdaeSalpbriPadcnds suifead iamdamhaqleékes sol ution
containing 0.26 % Merquat~-100, then 15 dried at 55C. Neutralizatjon Pads
were not usettRARER e SAnFRBELRF ERP UATE I B PESYICPREEREFAS IR, nM Tri s

buffer, pH 74 GAntA]iRING11% ¢asRi In 2he SHEL D& Abdadkeseeand 0% 1.1% or
3.3% of the pol yanion Dextran Sul fate, mw 5000 (Sigma, St. Louis, MJ))) or

Qo, 0.50, 1%wefephdfy che ROletitieisodhoni mpgmlofarfirems apbatt Eemnt& drich
Chem cal Co.,, M| kee, W): Poly.(agrylic acid),. myv.5000; Poly

(sodi um 4- st%ﬁ%%%@th"ﬁbﬁ&?e%‘?? 7_6%0%62,4"‘ P%F?)Jt( \c}%-r?ylanguf"]%'ﬁi ¢ acid, sodium
sal t); Poly fretdvdpinetehaar YbbGracld) . mo¥t I9Rie Ry, ( @Gy blugrasi d, sodi um

salt), mw 2100. 25 Conjugate Pads were soaked in the various sel enium
conj ugat e sottRiaresl dird S@r mM¥drhagphavachufteTherDét-dotion Strip was

prepared 2 |1 DAL, Suy 0! SRRTSSS TR AR WA BB BT pReT o0
I Munoohr onedegsmidnt Sipohpgheohkaifengigeon] uped erdads wnblighh€lviadi ous
Polyant ons. 0 r9%d Used o permit F1oma Flow through the device to

the detection site. Preferably, the fluid volume is in a

range of about 25 pl to about 100 pl, and more preferably

from about 40 pl to about 60 pl. Accordingly, the buffer,

15 when needed, may be added in a volume range of from about
10 pl to about 40 pl, and more preferably from about 20 pl
to about 30 pul.

The present invention is also directed to a method for
detecting the presence of an analyte in a blood sample.

20 Preferably, the method employs the chromatography
immuncassay device of the present invention. Specifically,
the method comprises (1) providing a chromatography carrier
which defines a path for fluid flow capable of supporting
capillary flow, along which are an application site for the

25 blood sample which is in fluid contact with the
chromatography carrier, a detection site on the
chromatography carrier spaced apart from the application
site, a diffusively labeled substance (or a conjugate)
which binds to or competes with the analyte for binding at

30 the detection site, a diffusively bound red blood cell

separating agent for separating plasma or serum from said



_ _ 15 JUL 2002
WO 991 36781 PCT/ US981 27802 27 conjugate was observed visually. Table 3

shows the rel ative anount of conjugate aggregation seen wt 8>5§§0izous
concent r atColSotH pol yani ons tested. 5 TABLE 3 Sel eni um Conjugate

Aggr egat i onPol yani on Concentrati onPol yani on0%0. 5%1- 1. 1929%3. 3%Dext r an

Sul f at e++nt +nt - Pol y(acrylic acid)++---nt Pol y(Na- 4-styrene

sul f onat e) +++++++nt Pol yvi nyl sul foni c aci d)+++/---nt Pol y(net hyl methacrylic
acid)++---ntPoly(acrylic acid, Na salt)++++/--nt nt = not tested As before,
t he sel eni um conjugate aggregated if the¥& was not a pol yanion present to
neutralize the positive 10 charge of the polycation fromthe Sanple Pad

(which is nespssarsargle psraggnesat tRe abescd At igigewhaha Bl ood). All of
the pol yanions used in the Conjugation Pad prevented conj ugat e aggregation
from occurrieRpigate lkaadd §Retbf ChECBBRRIFARRI TS ieast dd) This

experinment a sho: that 15. . RO L on. di 0 e lied to
a separate p%%&%él}?l\%eégu h% t?@pgéng?rl]g’g %\A ‘]ﬁ‘flhg{ gceq%etﬁl%%ﬁcgéﬁaggtgg% t he
Conj ugati on gtk thel Fed W1o2d02eVWD 88p36aBInd &addtit wepanisez Exanpée 3 Use
of Dextran Sulfate in Neutralization Pad vs. ConiuQation Pad in an H V-1

Anti boRly AssiPast |Fihifo B8 gPARRYE sPF | $RYYRRE fepaieadasarplexanyl e
2. A either w i . L. d lL.an : fi ilter
(Lypore 9524%(“4_;&(11%@@ oclirégiigé, %h; I\gﬁt'?t)r!%%ll%aétglngr?%P 8%3\%2?1 tlggl(tféthe
Neutral i zat i of tResl sersarsadkedaganan ande¢ls daaeditiiony chet prasages. 386

Dextran 10 Sul fate, then dried under_vacuum In strips without a
Neutral i zat | R REE FhéPeePdrPanteBRiSigate was diluted in 10 mM Tris

buffer, pH 7.4 contaidiidid 1% hasSelBoa2e SHCEO5Eard%y agkaseignd 3. 3%
Dextran Sul fate, and the nj ugate Pad was soaked 1n this solution then
dri edl@nder pexitawelfheharged material and the path of fluid flow
contains a diffusively bound neutralizing agent, which is
preferably capable of binding with said red blood cell
separating agent and is located downstream of said red
blood cell separating agent and upstream of said detection
15 site whereby the positive charge of said separating agent
is neutralized
Thus, in the preferred embodiment of Figure 1, a blood
sample is applied to the application site 30 and the red
blood cell separating agent separates the red blood cells
20 by aggregating them and permitting the plasma or serum to
move by capillary action down the chromatographic carrier
20. The neutralizing agent in the conjugate pad 40
neutralizes the effects of the red blood cell separating
agent on the device 10 and conjugate and the analyte binds
25 to the conjugate present in the conjugate pad 40. The
analyte bound to the conjugate continues to move downstream
to the detection site 50. If the analyte of interest is
present the test bar 70 will appear. To indicate that the
test is working properly, the control bar 60 will appear

30 whether the analyte of interest is present or not.



15 Sanple Pad used was as in Exanple 2. A except that it was 15%5’19&2‘”1 an

.aqueous sol utjion of 0.2% Merquat~-100. Human serum cont ai ni -
ant i bodi e @GP uted 1: 2048 into either HV negative humﬁ%&%@yngood
(based on plasma volune) with a hematocrit value of 50% or into HV 20
negative human plasma. Three further 1:2 serial dilutions were nmade, again
using either whole blood or plasma as the diluent. Ei ghty ~1 of negative
whol e bl ood or sanples fromthe H V-1 positive whole blood dilution series
were added to the Sanple Pad of i nmmunocht®mat ography strips prepared 25
with Dextran Sulfate on a separate Neutralization Pad or Dextran Sulfate in
t he sel eni um conj ggat er&odmit | Ky et iohe m&Pnprepd LabRdl. i el 1afdey aUhoat negative
pl asma or sanples fromthe H V-1 positive plasma dilution series were
tested only &RAFRHUAOCEHYDFrERDETEFIPFUTEr RESUN t Phed@¥idre -Sulfratfersh1lso t he

4 Aposi ti vher sonrt “hElSAE I 12 vhECS ARt TSP, 17502
29 red col or agbiiheobedectwith Sind pontamnénbbion esf seeedapaudeVsitast i gen

conjugate-H V-1 anti body conpl ex was, bound to the H V-1 anti %en on the
lined regi onT8f ER¥EtPRY. aleqddalivde Pelalfed R 33T T8 thRi s region
on the 5 Det gghh 98 St &k Py Xehan SWLL ey SlaDed fan kbate

i nNeut ral i zat ?%%Coﬁ?ug%tsél%a?éﬁa#%l e\?\hol e Bl oo Vﬁol e / ¢ g

H oodPl asmaDal uerbain 20d4Bume- 1o #1336+ sanpd 292 - Addi 538ty - Négatcover- - Cont r ol
nt = not tested |0 T‘?\ﬁ results in Table 4 indicate th HI V-sql anti bodi es
are det ect abf&¥f F'Bﬁ?‘ B2 Piodh A¥EF Pﬁrrﬁﬁﬁﬁﬁrb’?‘ra"tlbegféﬂﬁ% %t A p assay
using the pohyeabiONnMab&Hat fedkD0 dr0 sHABEEJaLE AW Sonlithaaliloaw sanpl e to
flow along the strip, and the pol yani on Dextran Sulfate as a neutrali zing
agent 1015 pr évenepAg afyreybs iewpasfimens  sshenfutn @whjargs @b Rrreps

pol ycation and_al |l ow Rg t he conj ugat.e to_bin nd for, onplex wth a
positive san%ﬁgmaggef?ga}%ﬁ‘o %r t%a%%sltc}’itlﬁrt 8e€?§tl e% e%rgeghsqa%aep "I-"#g

pol yani on wastghgwWist olslefd Betdvsedhen1used giréferrdd thatepar ate
Neutralization Pad 20 or conbined with the sel enium conjugate on the

Conj ugat e PaguffAciang Bashion 1Afe WHEnStEipi Py eoFashRd & iHFFVEY-1 1 5
Ju. 2~2 ,, 6 . i i es. -
i mpr ovenent gg%ﬁezgo g%#%ér??( %%%r} %u?P%l%?gﬁl%ﬁgeﬁ I nsatw%gi%ggj ugat e

_Pad r atsher _tlfa!rrsonpassﬁpgrtamﬁowgautar q:loir_z:abhpanahie smbdipj onal |y, t_he results
[0 Table 4 Lndicang thal Lhe % RAIEA " che STLeshl VElVAaH Ry Bg the
used in any assay system in which a blood sample contains
an analyte of interest. Examples of preferred systems

include, but are not limited to, Hepatitis C virus

20 (“ HCV” ), hepatitis A virus (" HAV” ), Human
Immunodeficiency Virus (" HIV” ), hepatitis B surface
antibody (“ HBsAb” ), hepatitis B surface antigen
(“ HBsAg” ), hepatitis B core antibody (" HBcAb” ),
hepatitis B core antigen (“ HBcAg” ), Carcinoembryonic

25 antigen (“ CEA” ), alpha-fetoproten (“ AFP” ), a pancreatic
cancer marker (“ CA19-9” ), syphilis, tuberculosis, malaria,

Leishmania, and Dengue fever.
The following examples further illustrate the present
invention, but should not be construed, in any way, as

30 limiting its scope.



whol e bl ood as shown by the equal sensitivity of detection ofl qJyL12002

~ant i.bodi es whet her in whole blood, where the rbc's nust be agaregated for

t he sanpl¥OP¥3¢Bbw, or plasma, where there are no rbc's topﬁﬁgw T3 e
flow. This also shows 10 that the presence of the polyanion, in either a
separate Neutralization Pad or in the Conjugate Pad, does not interfere
with the ability of the polycation to effectively cause aggregation of
rbc's in whole blood. 15 Exanple 4 Use of Merquat and Various Pol yanions in
an HBsAcr Assay | munochronat ography steops were prepared for the detection
of Hepatitis B surface antigen (HBsAg) in whole bl ood sanples. Merquat-100
was used as the polycation for 20 thegxaggfggation of rbc's in the Sanple
Pad, and various pol yanions were evaluated In the Conjugate Pad as

pol ycati on Bxamphéi¥ati on reagents to prevent aggregation of the sel enium
conj ugate. | nmunoch At Ogr a tii DS q:orgpo%ed %f o2 pl e Pad, 25 a

Conj ugate Pad, and 3 S oS e e asserthied: S pl e Pad was
prepared by soaking a 4 mMm wWodeeatidnObiMpbopeatiass fiber filter in an
aqueous sol ution_of 0.26% Merquat-100, then drying it at 55C. The sel eni um
conj ufat e was prEpared IRITRPSSe[%hith® BYSEBRF ot AVERS PR BREFHFRIAECIand 12
ug/ mM nouse I J "z 9 8 8 ant i body
to HBsAg (ar?t@? P%gs; i%icsellsle e(ﬁfmsgx\gpo%gﬁéb%}ggggﬁtgi é%égpé%ﬁﬁlulg%te was

t hen di |l ut edgypeqat Dpi i elltidensilisniohm 2o6jagaaewayehengvlnoédd 550 nmin Tris
buffer containing one of the follow ng palyanions: 0.5% Poly 5 (acrylic
acid), mwv Zﬁéﬁl?wmt;l@%%eﬁﬁ FeP&eRy FPcSaRi Wi ichyouds oryse

( PAA- 240, 00Q), ; -Ope‘g% I : 5000 10. 82 =1 - rtic acid, nw
36, 300; O. nghgggﬁgﬁrret éyﬁc%ﬂ%f%?e%%%%bg ?ﬁgﬁ¥ﬁ%§%§§t ran Sul fate
and Rd y- L- agpastarcimgitheveyed erimm Sogiagate. 10 Louis, MO, and the

remai ni ng pol yanj O:PS were from Al drich ) )
Selenium conjugate of HIV-1 recombinant protein was

prepared in the following manner: First, selenium colloid
was prepared by reacting 32 mM selenium oxide with 91 mM L-
ascorbic acid in an aqueous solution for 72 hours at 42°C.

15 This selenium colloid was diluted to an optical density of
30 at a wavelength of 550 nm and then reacted with 40 pg/ml
of recombinant HIV-1 envelope protein in 30 mM Tris buffer,
pPH 7.4 for 20 wminutes at room temperature. This selenium
colloid-labeled HIV-1 protein conjugate was next diluted to

20 an optical density of 30 at a wavelength of 550 nm in 10 mM
Tris buffer, pH 7.4 containing 0.1% casein, and incubated
for 20 minutes at room temperature. The conjugate solution
was then centrifuged at 1970 x g for 20 minutes at 4°C, the
supernatant removed and the pellet discarded. A volume of

25 30 mM Tris buffer, pH 7.4 containing 2% casein, equivalent
to one-tenth the volume of the supernatant, was then added
to the supernatant. Finally, this conjugate solution was
diluted to an optical density of 10 at a wavelength of 550
nm in 50 mM Tris buffer, pH 7.4 containing 1% casein, 2%

30 sucrose and 2% lactose.



Chemical Co., MIwaukee, W. The Conjugate Pad was prepared bySs8bkiflg a 4
hm wi de b{v 4.3 mmlong glass fiber filter in seleni umcolloid@ﬁﬁk;g
anti - HBs WOH%G8%e prepared and diluted with one of 15 the kol i
above. After soaking, the Conjugate Pad was dried under vacuum The
Detection Strip was a 4 nmw de by 40 mmlong nitrocel |l ul ose nmenbrane
filter, prepared as in Exanple 2 using nouse nonoclonal anti-HBs at a
concentration of 3 20 ng/mM and added to the nitrocellul ose nenbrane so as
to forma line across the width of the trip at a position about 1 cmfrom
the end of the nenbrane. The lined regi on was backed w th Pol yester

Lam nate. This wagnalcduewed1heighy Stifdnei@tlowity dd1hRatiynkhgepdt i body to
the 25 nitrocellul ose. I mmunochromatography strips were assenbl ed using the
conponent s ap¥RRRARA Bitadi-Ag§%t ey end-Eolyerdd Lvsigia byidrebrgmideth a 1 mm
overlap, with 1he . Sample Pad at. o d, Xt, t i.ch |.aced.

Conj ugat e Pa%?leé:r'il&' ﬁnﬁlgll 5ga(§‘6) Oe(g ’|0Pn° trlf 5& el%z?s\sggéﬁgggfgﬂs%’ was
then coverednwiidioo,1z2udo 202 Y¥» 9/ 36V81- IRGH/SUSIHME /86 384 B0} yest er

Lam nate, |eaving approximately 10 nm of the Sanpl e Pad exposed.

RecombPnant MR radageBr 08l iBs AP He gt Sidshufer RS e 3bkood with a
hematocrit val %ta . a n at-.an =D .1 Three further
1:2 serial di %%ﬁ%’egﬁaégogﬁ' \?\ﬁcg#};e {)%E&JQ'F%%ta%l%%/)g?%egati ve whol e
bl ood or sanpydsokircmidiehemkiBs 280 ppsPdalwe(Iwmlree blAddeechickiel) utLli:@an series were

added to the Sanmpl e Pad of inmmunochromatography strips prepared with
various 10 pw%%dien fHe EBX) ugR ¥ .sﬂ%uthré’F\Eé’P 3Pdad ‘45 ninutes

af ter sanpl en gl CatilRN (h2Bb60d) (A7) ROSIdHY G RIUHo19Raedna &fe col or on
the Detection Strip where the red sel enium anti - HBs "conj ugat e- HBsAg conpl ex

was bdlnd t opwimhamed fhBs Sagnae $% nddbuisyi MO)of the strip. A negative 15
result showe o, col.qr .at._thjis.region on the Detection.Strip...Aggregation
of the red sg?f;’rﬁqﬁ'rﬂlgé’rjrj%ﬁélﬁi:byé?m PR U TR ot Y %gt R ith Stri p was

observed Vlskﬁgééﬁat®—100, Calgon, Pittsburgh, PA).

The ability of these polycations to aggregate either

rbec’s in whole blood or the selenium conjugate were

15 observed in separate reactions by adding 350 pul of 0.25% of
the various polycation solutions to an equal volume of
either whole blood or the selenium conjugate. The
solutions were mixed and stored at room temperature for 10
minutes, then aggregation was evaluated visually. The

20 results are summarized in Table 1. A one-plus (+)
indicates weak aggregation, 2+ indicates moderate

aggregation, and 3+ and 4+ indicate strong aggregation.



TABLE 5 Concentration of HBsAg (ng/ m ?Pol yani onl2. 56. 253. 131?&66%&%9& e
CAggr egat | QNPAA- 2000+++- - - PAA- 240, 000++- - - +Dextran Sul f :

at e+++---&§l¢§ﬁﬁézsp+++---CIVC+----+ 20 Wil e all pol yani ons %?T’S%?e"é”ﬁ?ésAg
detection to occur, those polyanions that prevented conjugate aggregation,
PAA WD 99136781 33 1 5 ,IU ~ PcTlus9sn7soi 2000, Dextran Sul fate and

Pol y-L-aspartic acid, exhibited a 2 to 4-fold nore sensitive detection of
HBsAg i n whol e bl ood sanpl es. The above experinent was repeated, using the
sel enium 5 col | oi d-1 abel ed conjugate dil&%ed in Tris buffer containing

PAA- 2000 as the pol yani on, except 25 ~1 of 50 nM phosphate buffer, pH 7.4,
was added to the sanple pad one mnute after addition of the HBsAg whol e

bl ood sanples. The results obtained using this procedure, with the addition
of 10 the buffer after the sanple appl ~en, were identical to the
resul ts w tfrout—thrs—step—thus;—tHhese—asgays can k&gﬁéﬁ&%f@ﬁ*ﬁ” wtt or
w thout addition of buffer after sanple aggl ication. 15 Exanple 5 Us¢g of
Mer auat ~ and Demfilyeat$ohf atle | Mohecubsay for Redb®lendosi|sSe-Conjugate
| mmunochr onft ogr aphy stri ps| wer eigilgiyear ed| f or tdegidet ectji on of antibogdy to
Mycobact eri e t CLRE S == = phoot—ga TS vergdat - 100
was used as| the”pol yCati on rbc's|in the Sanpl g Pad,

and vari ous cp,@gamag@'ﬂgas of 1dre tpolipani E n Dextzan Sul flate wese evaljuat ed

in the Cbnju%aLe_Ead_as_Lhe tralization reagent to prevent
aggr egat i on| 8P1¥h&-259sBLenj um cbh}Qat e. || mmunothr omat dgr aphy+stri ps|,
conposed of Sgrpte—Pathar-Contpgate—Pati—ent—asPeteectHer—Stpr—were
asrsrgnbl ed. Tﬁgrgé%ﬁﬁgngglwas pjrg%g?zd by soaki?%'a 4 m%vvi de 25§/l 15.5 mm
| ong gl ass [iPB&L -LEREGN HCD an aqegesis Sol yiion 02+ U. Z6%], 30 gar quat -|100,
then dryinglit 1n a vacuum 15 JUG ~' IWD 99/3678| PCTNS98/ 27802 34 The
sel eni um conj ugat#-wabBipr epar ed U849 sel ¢ni um col | oi d, |as i n4Bxanpl g 1,
and 3.5 ~g/H e; r.ccéggtlgiiggn M-b—artger—iHomE= +cc.Li. 'hisrscicni tHR
col | oi d-1 abePEA*RES
Poly (Lys, 35000 2+ 2+
Ala) 3:1 HBr
Poly (Lys, 49300 + 2+
Ala) 2:1 HBr
Poly (Lys, 41600 + 2+
Ala) 1:1 HBr
Poly (Lys, 38000 3+ 3+
Trp) 1:4 HBr
A polycation that causes aggregation of rbc’s (2+ or
5 greater) while causing minimal aggregation of selenium

conjugate (2+ or less) would be a good choice. Those

polycations with a 2+ in both categories fit this criteria.
Poly-L-Lysine HBr and Merquat®—100 were chosen for further

work, with Merquat®—100 being the most cost effective.



of 550 nm.in Tris buffer containing either 0% O0.340, 1. 10 xtran
Sul f at e. Yﬁ@”@ﬁﬁﬂugate Pad was prepared by soaking a 4 mm

|l ong glass fiber filter in seleniumcolloidlabeled Mb conj ugat e, pr epar ed
and diluted wth one of the 10 Dextran Sul fate concentrati ons above. After
soaki ng, the Conjugate Pad was dried under vacuum The Detection Strip was
a 4 mmw de by 40 mm |l ong nitrocellul ose nmenbrane filter, prepared as in
Exanpl e 2 using reconbinant Mb antigen 23 a concentration of 0.15 15 ng/m
and added to the nitrocellul ose nenbrane so as to forma |line across the
width of the strip at a position about 1 cmfromthe end of the nenbrane.
The lined region was backed with Polyester Lam nate. This was allowed to
dry sufficiebBxaypke &s to fix the antigen to the 20 nitrocell ul ose.

oGy ot 001 APBYeSLAL B%: W08 AARElEd st 00y e AOMRANSNLS, above by
pl aci ng them end-t h the
Sanpl e Pad at one end, next to whi gBuwesl ptsciash a Conj ugate Pad, and
flnally a 25 Detection Strip. The assenbled strlp was then covered W th
Pol yestoer Lani nat?; RN aES aagd pn 4 By e

Anti-Mb pos s dil D R bIood
with a hemat B%r |Pal\§/a Lt‘lre?av& 50% %gq% ggr%hgfsgﬁga%éeﬁ%]% S;Q?ghg wer e
made i n whol ebbl aggkeddtfing reagennegabrieushcbrcdimot iomssarfpltése from t he
ant i 15 JUL.~ W 99 36781 35_PCTJUS98127802 gﬁb p05|t|ve whol e bl ood

conjugate was then diluted to an optical density of 2.5 at 5 qxgngth

di | uti on ser PRLYIRI® 3y spE 285 nPPES PRBSBES | WAt Hrfortogr aphy stri ps
prepared w t oyl L5y %tl'x'e05819t':a9§85£r@&ﬁ&"ﬁé‘trf‘edtr}:atlrl%egoﬁ%./UQat e
Pad. Results were read m nutes after sanple application. 5 (Table 6). A

posi t ilPe restbhe @ﬁmmx&hEBuﬂﬁiteol&huenprheeﬁbiegtaggresaquanirehehe red
sel enium M b_conjugate-antiMb co bou d to. the b an_the |ined
regi on of thgeg?+*ék 993%§§§FFV€aP§E Eymﬁ CAeA Gt a?ﬁ¥%%§x%§§Pon on
t he DEtECtiOBufiéié)wiﬁkﬂ&ﬁﬁﬂ'd@&e@fthéepbﬁﬁc§€i£ﬂlhﬁa already caused
aggregation of the rbc’s to occur, but prior to the
polycation interaction with the selenium conjugate. The
15 following experiment evaluated the effect of the polycation
and dextran sulfate on the aggregation of the selenium
conjugate and its subsequent ability to flow along the
immunochromatography strip.
An immunochromatography strip, composed of a Sample
20 Pad, a Neutralization Pad, a Conjugate Pad, and a Detection
Strip, was assembled. The Sample Pad was prepared by
soaking a 4 mm wide by 20 mm long glass fiber filter
(Lypore 9524, Lydall, Rochester, NH) in an agueous solution
of 0.33% Poly-L-Lysine hydrobromide, mw 37000 (Sigma, St.
25 Louis, MO), then drying it under vacuum.
Neutralization Pads, containing different
concentrations of Dextran Sulfate, were prepared by soaking
4 mm wide by 13 mm long filters made of wood pulp and
polyester (Sontara 8801, Du pont, Wilmington, Delaware) in

30 aqueous solutions containing 0%, 1.1%, 3.3% or 10% Dextran



10 conjugate at the entrance to the Detection Strip was obserl@d/Uki 2002 | y.

TABLE 6 tr Sul fateAnti-Mb Dilution(% 1:1001: 2001: 400

Cont r ol Co%?ﬁ@é%él Aggr egati onO ++0. 34- - - - ++1. 1+- - - +3. 3++[\E&ngglgﬁésoaat ain
Tabl e 6 shows that the assay does not work w thout the presence of a

pol yanion, in this case Dextran Sulfate, to prevent aggregation of the
conjugate. There is an inverse relationship between conjugate aggregation
and assay sensitivity. At a Dextran Sulfate concentration of 20 3.3% no
conj ugat e aggregation occurs and the assy shows the nost sensitive
detection of anti-Mb. 15 JUL 20Q2 ,, , WD 99/36781 PCT/ US98/27802 36

Exant ~l e 6 SynHates A%S8000Si(BggiR! gsatl ~Lants Dexd)r.an AStkiakeaking,
| mmunochr omat ogr aphy strips were prepared for the 5 detection of antibody
t o Tr eponend-hsaPadgumeranrisn) undeinb?@ Wl ood or pl asma sanpl es. By

e, 9 S0 A AL MO 00 i Bt

determ ne whet her 'rbc"s bei ng aggr egat ed by

t he pol ycatign4se am Nehgt glaBsefiber M ltedO(lapdrchasehy deaatase the
sensitivity of detection of the assay. Merquat~-100 was used as the

pol ycati on fROCHERE SaggNBhatPoReben B’ SOHP e abehsi% Hp¥d! and the _
pol y-ani on DRt U aLe-uas Usedifed e L409e Bad,2at e pgl yoatfon

neutralization reagent to prevent gregation of 15 the sel enium conj ugate.
| mmunochr onexagpadehy .St Afper soapbsed ofie sCTBgmgarePdad wa€odrigdt e Pad, and
a Detection Strip, were assenbl ed. The Sanpl e Pad was prepared by soaking a
4 mm wi de by*PFET5 VAR MBng glass fiber filter in an aqueous sol ution of 0.2%

20 Merquat-100, thenpdikicRgoht setipShas Thes sk eRideMkorbuaat Eongs prepar ed
using seleniumcolloid, as in Exanple 1, and 7.5 ug /m of Treponena
pal | i Hum | ysutteocERLultsesmembeananf tbt¢ni tdtaleicg #HI9643GL,

Millipore, Bedford, MA). HIV-1 envelope antigen at a
concentration of 5 mg/ml in 100 mM Tris buffer, pH 7.4
containing 1% sucrose was added to the nitrocellulose
membrane so as to form a line across the width of the strip

15 at a position about 1 cm from the end of the membrane. The
lined region wag backed with Polyester Laminate (code #
7733, Adhesives Research Inc., Glen Rock, PA). This was
allowed to dry sufficiently so as to fix the antigen to the
nitrocellulose.

20 Immunochromatography strips, 4 mm wide, were assembled
using the components above by placing them end-to-end
longitudinally with a 1 mm overlap between each section,
with the 20 mm long Sample Pad at one end, next to which
was placed one of the 13 mm long Neutralization Pads,

25 followed by a 4.3 mm long Conjugate Pad, and finally a 40
mm long Detection Strip. The assembled strip was then
covered with Polyester Laminate (code #8648, Adhesives
Research Inc., Glen Rock, PA) from the top of the Detection
Strip to 10 mm from the bottom of the strip, leaving

30 approximately 10 mm of the Sample Pad exposed. Eighty pl

of plasma was then applied to the Sample Pads of each of



conjugate was then diluted to an optical density of 2.8 at 23 Hypavaghgengt h

'0f 550 nm.j ris buffer containing 3.3% Dextran Sul fate. ] te Pad
was preparwégg’ggﬂséoaki ng a 4 mwde by 4.3 nmlong gl ass f}g:g-/'&gp’ll"%@ in
the seleniumcolloid | abel ed TP conjugate prepared above. After soaking,
the 30 Conjugate Pad was dried under vacuum 15 JuU. 2002 WO 99 36781
PCTNS98~27802 37 The Detection Strip was a 4 nmw de by 40 mm | ong

nitrocel l ul ose nenbrane filter, prepared as in Exanple 2 using Treponena
pal lidum|ysate at a concentration of 425~g/m and added to the

nitrocel l ul ose menbrane so as to 5 forma |line across the width of the

strip at a pasi §mRAGn8bAYbmdt SarddtyMdhia prnNdont at AengeNdane. i zBRe ohi ned
regi on was backed with Polyester Lanminate. This was allowed to dry

sufficient| yadg withoetther ne® TR 1fsatde 30 oFhé Ofi Peveean (Fwfatelo
| rmunochr o [ trips,. were. as | ed L e onent.s .above by
pl aci ng t hg?%‘fgggﬁgg (t%-xcéﬁdoiE oﬁl’é‘? truecﬁ %ai%{;/qfi u\?\} tc%%éﬂ%a%’?n %@%ﬁ%aeg,a%vﬁatlﬁyt he

Sanpl e Pad af ehe ebfljufeké t® SMuwclalway hacedropGostelgsiseRad, and
finally a Detection Strip. The assenbled strip was then covered with 15
Pol yest er LAASHALEY | eaving approxi mately 10 nm of the Sanple Pad exposed.

Anti-TP positi veRggﬁggssegy&g{v\?ﬁr c&iamiteegoéj:e]_tgwg L RhP-Siddemdregati ve human

whol e blood with a matocrit val ue of Yoor into negative human pl asna.
Four furthewithdu0therpaésehdaitoDmMexwan Sadéatagad nmeisiregl ixdet kée whol e

bl ood or pl a?lma as_the djluent. Sixt ~§ of, negati ve whol e bl ood or plasnmg,
or sanpl es FRBAPENETERL FRgFP atti’\PéI‘. WROHE 16R0 0 BB r SPt SRTHE fndtPBheseri es
were added Ta%g&@%gt@éﬂphﬁdpﬁéjs Hod %ﬂM%QWH@BH@r@@kéﬁi@ PspBegul ts
were read 15725 mnutes after sanple application (Table 7). "A positive

resullt0 showwdsaanednreree velathieorBdtige tiegwesnr cpnyhgatee tdugregtsehneni um TP
conj ugat e- ant i.- conplex was bound .to th P_lysat t he lined region of
the strip. A% egg{”r’\'/gg%gu??n%% lﬁ@scglefo e§#¥?ﬂi§uf€%ﬁeor?éoﬁ'§ﬁeor

Detection 3Qr8kEkR. beiny Suffidiedl02o prevent, conjugate aggregation

and allow conjugate to flow along the strip.

15 TABLE 2
Dextran Sulfate Conjugate Conjugate Flow
Concentration Aggregation
0% ++ -
1.1% + /-
3.3% - +
10% - +

B. RBC Aggregation in the Presence of Dextran
Sulfate 1In order to assess the affect of dextran sulfate

on rbc aggregation, the above experiment was repeated using
20 whole blood as the sample with 10% Dextran Sulfate on a 4.3
mm long by 4 mm wide Neutralization Pad. After assembling
the immunochromatography strip as above, using this
Neutralization Pad, 80 pl of whole blood was applied to the
Sample Pad. Fifteen minutes later, the result of rbc

25 aggregation was observed visually and the ability of the



WD 991 36781 PCT/ US98I 27802 38 Tabl e 7 shows that the sensiti vilty J¥L 4002
«det ec¢t'i on_of anti-TP was the sane in both whole bl ood and Ql

i ndi cat i nYOR68bI ycati on, Merquat-100, effectively aggreg tm@?%c' s in

the whole blood. 5 TABLE 7 Anti-TP Sanpl e Dil uti onWole

Bl oodPl asmal: 10. 8++1: 21. 6++1: 43. 2++1: 86. 4++1: 172. 8- - Negati ve Control -- All

publications) patents, and patent applications cited herein are hereby

i ncorporated by reference to the 10 sane extent as if each individual

docunent were individually and specificakly indicated to be incorporated by

reference and were set forth in its entirety herein. Wiile this invention

has been de ' ] i e r §?ﬁmgg 4 W be

obvi ous to %%5?£§§%Mg ﬂ%%ﬁ?ﬁ%?jgéﬁfﬁpoﬁg %ﬁé ggf at [ﬁéﬁiﬁﬁ%éﬁreﬁye

enbodi ment s rirays baggregatkd | tbding recadeddt hat thdeSamyntRah ndrddct i ced

ot herwi se thaF gi specifi%?ll descr'&_lbﬁd h reig. Accor din I¥ t his

i nvention i ABFube?Y a3 ot i dtiPond " é Eoﬁggsg SR t ?V%%i 1 t"hnd scope of

the 20 invegtbRy eReSEEri®rih 19 rik@csBEC] Theat i ANi dde AP ANE Ng cl ai ms.

r' i, t 15 ~u~ 2002 39 CLAIM5 1. A chromat ography assay device for

det ectsi ng t Relpeatioreinfthm Samplet EaidnwasbEbbll salpde et omHSSsi ng: a

chromat ography_carrier i.ch defi,nes_a, path,f | and supports s

capillary f?gé,re%%th%%l%%ga S S e lPoFBEapgog%oéidg%cgn%r@qlen' fa}nlﬁjd fl ow

contact w tRhati €héhppasdiogy aphtheapbil9aniandebertron Sulfawd, sl dhe

chr omat ogra&hy carrier spaced apart fromsaid application site having a

non- di f f usi YeRyrdbipat ieaRAhGisupetadesesbart YHLR Nt et oPA dif fusivel y

bound Iabelggg§38§£§g8¢ | ocat ed downstream of said

10 C. Conjugate Aggregation Prevention bv Polvanions

Other polyanions were tested to evaluate their ability to
prevent aggregation of the selenium conjugate as in Example

2.A. A 15.5 mm long by 4 mm wide Sample Pad was soaked in

an agqueous solution containing 0.26 % Merquat®—100, then
15 dried at 55°C. Neutralization Pads were not used, and
instead the selenium conjugate was diluted in 10 mM Tris
buffer, pH 7.4 containing 1% casein, 2% sucrose, 2% lactose
and 0%, 1.1% or 3.3% of the polyanion Dextran Sulfate, mw
5000 (Sigma, St. Louis, MO), or 0%, 0.5%, 1% or 2% of one
20 of the following polyanions (all from Aldrich Chemical Co.,
Milwaukee, WI): Poly facrylic acid), mw 5000; Poly
(sodium-4-styrene sulfonate), mw 70,000; Poly (vinyl
sulfonic acid, sodium salt); Poly (methyl methacrylic
acid), mw 9500; Poly (acrylic acid, sodium salt), mw 2100.
25 Conjugate Pads were soaked in the various selenium
conjugate solutions and dried under vacuum. The Detection
Strip was prepared as in Example 2.A. and
immunochromatography strips were assembled. Fifty ul of
plasma was then applied to the Sample Pads of each of the
30 immunochromatography strips containing Conjugate Pads with

the various polyanions. Aggregation of the red selenium



application site; a diffusively bound polycation for separ ati ﬁngﬂJ 2W%a or
seruWIfronlsald bIood sanpl e upstream of said detection site g
dlffu5|vewv) 8! pol yani on for neutralizing the polycatlon GE&E V?é§h1of
sai d bound pol ycati on and upstream of said detection site. 2. The

chr omat ogr aphy assay device of claim1, wherein said device is an

i mmunoassay device. 20 3. The chronmat ography assay device of claiml,
wherein said polycation is bound at said site for application of said blood
sanpl e. i f. 115 JUL 2002 40 4. The7chromat ography assay devi ce of
claim1l1, wherein said polycation is selected fromthe group consisting of
pol y-L-1ysi nedhy dgabe owh decb ftied vAkkgalilpe hyssnehd oshéles che

pol y-L-histidine, poly (lysine, alanine) 3:1 hydrobrom de, poly (Iysine,

al ani ne) 2: 14@}@ﬁéﬁ?oﬁ¥‘@l@ntrfbﬁfc(qjy’§|aﬁé aggRAgREIon ; ieﬁPi}'dVb%‘P ofrﬁede s poly
(lysine, try ) e yl di met hyl amoni um
chl ori de). ﬁgﬁghféﬁa ogrégﬁ%ggggagoggnggk%fé%%é%%ﬂ1 wherein said

pol ycati on |s poly (diallyldinmethylanmoni umchloride). to 6. The

chr omat ogr aphy assay device of claim1l, wherein said polyanion is selected
fromthe group consisting of dextran iﬁ-&@—é poly (acryllc acid), poly

(sodiun}4-snﬁﬂaﬁ?ﬁﬁﬂﬁfﬁﬁﬁ§§~—§¥&ﬂ L uA rethyl
met hacrylic acid), pon L aspar I C aC|g§an§ %% 6;yn€?ﬁr ceIIquse 15 7.
The chr omat ogr apny V. O ' B SR e ) O 1 5
Polyanion 0% 0.5% | 1-1.1% 2% 3.3%
Dextran Sulfate ++ nt + nt -
Poly(acrylic acid) ++ - - - nt
Poly(Na-4-styrene ++ ++ ++ + nt
sulfonate)
Poly (vinyl sulfonic ++ +/- - - nt
acid)
Poly(methyl ++ - - - nt
methacrylic acid)
Poly(acrylic acid, ++ + +/- - nt
Na salt)

nt = not tested

As before, the selenium conjugate aggregated if there

was not a polyanion present to neutralize the positive

10 charge of the polycation from the Sample Pad (which is
necessary for rbc aggregation when testing whole blood).
All of the polyanions used in the Conjugation Pad prevented
conjugate aggregation from occurring at at least one of the
concentrations tested. This experiment also showed that

15 the polyanion did not have to be applied to a separate pad,
but could be combined with the selenium conjugate on the

Conjugation Pad.



dextran sulfate. 8. The chromatography assay device of cIain?? JWM@V@in
.»sai d pol 20 diffusively bound to the chronatograp ?#%g

same Iocé?ﬁgﬁgggfsaid | abel ed substance. 9. The chromat ograp assay
of claim1, wherein said | abel ed substance is a sel enium | abel ed substance.

at t he
deV|ce

1 5 JUL 2002 41 10. A nmethod for detecting the presence of an analyte in

a bl ood sanple conprising the steps of: providing a chromatography carrier

whi ch defines a path for fluid flow s and supports capillary flow, along
which are (a) an application site for sa2& blood sanple in fluid flow

contact with said chromatography carrier, (b) a detection site on sai
chromat ography carrier spaced apart fromsaid application site having a
non-di ffusi vel y bound trappi ng substance bound thereto, (c) a | abel ed

subst ance |
bound i o pol
upst ream of

upst ream of

stream of said application site, (d) a diffusiv

ycat'O”UEQrm?eBé‘{cé‘}éHgs;gi;%@ o @%&Hl z%g%aa' 858! 0ood sanpl e
said d ol yani on for
&  [0) If AS <}

neutralizing the pegk

: pol ycat i
sai d detection site; contactln sald pI| tion site wt

bl ood %anple and FTENQSHEOPRRGIE ABRAYr BEEHRE BT 2RISR & 3Saitd bl ood

sanpl e.

seleniun1|abe|e

ﬂmgrx%t hod | OfaJ.Eh@km»llQh o%ﬁi@hc@uéaédl In@wl@@ bt ange |

d

ely

on and
h said

S a

ubst ance. . The nethod of claim 10, wherein said

pol yani on i slaoghcf fgl:alsxselfybb@uﬁdltert hbyphr@n&ibﬁgx dptdaldar Ricgheatethe sane

| ocati on as
sai d pol ycat

10

15

20

25

30

Iﬁ@hgﬂeé%gg:lggﬁgggﬁ g%&? h e%gén Ttt.lseege t f}?d fut:%:la 1Ta]t:90nwg§ ©
was soaked in an agueous solution containing 3.3% Dextran
Sulfate, then dried under vacuum. In strips without a
Neutralization Pad, the selenium conjugate was diluted in
10 mM Tris buffer, pH 7.4 containing 1% casein, 2% sucrose,
% lactose and 3.3% Dextran Sulfate, and the Conjugate Pad

was soaked in this solution then dried under vacuum. The
Sample Pad used was as in Example 2.A. except that it was
soaked in an aqueous solution of 0.2% Merquat®-100.

Human serum containing HIV-1 antibodies was diluted
1:2048 into either HIV negative human whole blood (based on
plasma volume) with a hematocrit value of 50% or into HIV
negative human plasma. Three further 1:2 serial dilutions
were made, again using either whole blood or plasma as the
diluent. Eighty pl of negative whole blood or samples from
the HIV-1 positive whole blood dilution series were added
to the Sample Pad of immunochromatography strips prepared
with Dextran Sulfate on a separate Neutralization Pad or
Dextran Sulfate in the selenium conjugate solution on the
Conjugate Pad. Eighty pl of negative plasma or samples
from the HIV-1 positive plasma dilution series were tested
only on immunochromatography strips with Dextran Sulfate on
the Conjugate Pad. Results were read 15 minutes after

sample application (Table 4). A positive result showed a

in
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Negative - - -
Control
nt = not tested

10 The results in Table 4 indicate that HIV-1 antibodies

are detectable from whole blocd in an immunochromatography

strip assay using the polycation Merquat®-100 to aggregate
rbe’s and allow sample to flow along the strip, and the
polyanion Dextran Sulfate as a neutralizing agent,

15 preventing aggregation of the selenium conjugate by the
polycation and allowing the conjugate to bind and form a
complex with a positive sample and flow along the strip to
the detection area. The polyanion was shown to be
effective when used either in a separate Neutralization Pad

20 or combined with the selenium conjugate on the Conjugate

Pad. 1In this assay, the sensitivity for detecting HIV-1
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0 the aggregation of rbc’s in the Sample Pad, and various

polyanions were evaluated in the Conjugate Pad as
polycation neutralization reagents to prevent aggregation
of the selenium conjugate.
Immunochromatography strips, composed of a Sample Pad,
25 a Conjugate Pad, and a Detection Strip, were assembled. The
Sample Pad was prepared by soaking a 4 mm wide by 15.5 mm

long glass fiber filter in an aqueous solution of 0.26%
Merquat®-100, then drying it at 55°C.
The selenium conjugate was prepared using selenium

30 colloid, as in Example 1, and 12 pg/ml mouse monoclonal
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containing one of the following polyanions: 0.5% Poly
S facrylic acid), mw 2000 (PAA-2000); 0.5% Poly {acrylic
acid), mw 240,000 (PAA-240,000); 0.5% Dextran Sulfate, mw
5000; 0.8% Poly-L-aspartic acid, mw 36,300; 0.5%
Carboxymethyl cellulose, mw 90,000 (CMC). The Dextran
Sulfate and Poly-L-aspartic acid were from Sigma, St.
10 Louis, MO, and the remaining polyanions were from Aldrich
Chemical Co., Milwaukee, WI.

The Conjugate Pad was prepared by soaking a 4 mm wide
by 4.3 mm long glass fiber filter in selenium colloid-
labeled anti-HBs conjugate prepared and diluted with one of

15 the polyanions above. After soaking, the Conjugate Pad was
dried under vacuum.

The Detection Strip was a 4 mm wide by 40 mm long
nitrocellulose membrane filter, prepared as in Example 2
using mouse monoclonal anti-HBs at a concentration of 3

20 mg/ml and added to the nitrocellulose membrane so as to
form a line across the width of the strip at a position
about 1 cm from the end of the membrane. The lined region
was backed with Polyester Laminate. This was allowed to
dry sufficiently so as to fix the antibody to the

25 nitrocellulose.

Immunochromatography strips were assembled using the
components above by placing them end-to-end longitudinally,
with a 1 mm overlap, with the Sample Pad at one end, next
to which was placed a Conjugate Pad, and finally a

30 Detection Strip. The assembled strip was then covered with
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Polyester Laminate, leaving approximately 10 mm of the
Sample Pad exposed.

Recombinant HBsAg was added to HBsAg negative human
whole blood with a hematocrit value of 50% to a
concentration of 12.5 ng/ml. Three further 1:2 serial
dilutions were made in whole blood. Fifty ul of negative
whole blood or samples from the HBsAg positive whole blood
dilution series were added to the Sample Pad of
immunochromatography strips prepared with various
polyanions in the Conjugate Pad. Results were read 15
minutes after sample application (Table 5). A positive
result showed a red color on the Detection Strip where the
red selenium anti-HBs conjugate-HBsAg complex was bound to
the anti-HBs on the lined region of the strip. A negative
result showed no color at this region on the Detection
Strip. Aggregation of the red selenium conjugate at the

entrance to the Detection Strip was observed visually.

TABLE 5

Concentration of HBsAg
(ng/ml)

Polyanion 12.5 ) 6.25 | 3.13 | 1.56 0 Conjugate
Aggregation

PAA-2000 + + + - - -

PAA-240,000 + + - - - +

Dextran + + + - - -

Sulfate

Poly-L-Asp + + + - - -

CMC + . . . - T

20

While all polyanions allowed HBsAg detection to occur,

those polyanions that prevented conjugate aggregation, PAA-

(10%
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PAA-2000 as the polyanion, except 25 pl of 50 mM phosphate
buffer, pH 7.4, was added to the sample pad one minute
after addition of the HBsAg whole blood samples. The
results obtained using this procedure, with the addition of
10 the buffer after the sample application, were identical to
the results without this step. Thus, these assays can be
done either with or without addition of buffer after sample

application.

15 Example S5
Use of Merguat®and Dextran Sulfate
in an Assay for Tuberculosis

Immunochromatography strips were prepared for the

detection of antibody to Mycobacterium tuberculosis (anti-

20 Mtb) in whole blood samples. Merquat®-100 was used as the
polycation for the aggregation of rbc’s in the Sample Pad,
and various concentrations of the polyvanion Dextran Sulfate
were evaluated in the Conjugate Pad as the polycation
neutralization reagent to prevent aggregation of the

25 selenium conjugate.

Immunochromatography strips, composed of a Sample Pad,
a Conjugate Pad, and a Detection Strip, were assembled. The
Sample Pad was prepared by soaking a 4 mm wide by 15.5 mm

long glass fiber filter in an agqueous solution of 0.26%

30 Merquat®-100, then drying it in a vacuum.
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The Detection Strip was a 4 mm wide by 40 mm long
nitrocellulose membrane filter, prepared as in Example 2
using recombinant Mtb antigen at a concentration of 0.15

18 mg/ml and added to the nitrocellulose membrane so as to
form a line across the width of the strip at a position
about 1 cm from the end of the membrane. The lined region
was backed with Polyester Laminate. This was allowed to
dry sufficiently so as to fix the antigen to the

20 nitrocellulose.

Immunochromatography strips were assembled using the
components above by placing them end-to-end longitudinally,
with a 1 mm overlap, with the Sample Pad at one end, next
to which was placed a Conjugate Pad, and finally a

25 Detection Strip. The assembled strip was then covered with
Polyester Laminate, leaving approximately 10 mm of the
Sample Pad exposed.

Anti-Mtb positive serum was diluted 1:100 into
negative human whole blood with a hematocrit wvalue of 50%.

30 Two further 1:2 serial dilutions were made in whole blood.

Fifty pl of negative whole blood or samples from the anti-
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Mtb complex was bound to the Mtb on the lined region of the
strip. A negative result showed no color at this region on
the Detection Strip. Aggregation of the red selenium

10 conjugate at the entrance to the Detection Strip was

observed visually.

TABLE 6
Dextran Anti-Mtb Dilution
Sulfate
(%) 1:100 | 1:200 1:400 Neg. Conjugate
Control || Aggregation
0 - - - - ++
0.34 - - - n o
1.1 + - - - +
3.3 + + - - -
15 The data in Table 6 shows that the assay does not work

without the presence of a polyanion, in this case Dextran
Sulfate, to prevent aggregation of the conjugate. There is
an inverse relationship between conjugate aggregation and
assay sensitivity. At a Dextran Sulfate concentration of
20 3.3%, no conjugate aggregation occurs and the assay shows

the most sensitive detection of anti-Mtb.
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Example 6

Syphilis Assay using Merguat® and Dextran Sulfate

Immunochromatography strips were prepared for the
detection of antibody to Treponema pallidum (anti-TP)} in
whole blood or plasma samples. By comparing sensitivity of
detection in whole blood to plasma, one could determine
whether rbc’s in whole blood were effectively being
aggregated by the polycation so as not to interfere with
and thereby decrease the sensitivity of detection of the
assay. Merquat®-100 was used as the polycation for the
aggregation of rbec’s in the Sample Pad, and the poly-anion
Dextran Sulfate was used in the Conjugate Pad as the
polycation neutralization reagent to prevent aggregation of
the selenium conjugate.

Immunochromatography strips, composed of a Sample Pad,
a Conjugate Pad, and a Detection Strip, were assembled. The
Sample Pad was prepared by soaking a 4 mm wide by 15.5 mm
long glass fiber filter in an agueous solution of 0.2%
Merquat®-100, then drying it at 55°C.

The selenium conjugate was prepared using selenium
colloid, as in Example 1, and 7.5 pg /ml of Treponema
pallidum lysate (TP). This selenium colloid-labeled TP
conjugate was then diluted to an optical density of 2.8 at
a wavelength of 550 nm in Tris buffer containing 3.3%
Dextran Sulfate.

The Conjugate Pad was prepared by soaking a 4 mm wide
by 4.3 mm long glass fiber filter in the selenium colloid-
labeled TP conjugate prepared above. After soaking, the

Conjugate Pad was dried under vacuum.
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The Detection Strip was a 4 mm wide by 40 mm long

nitrocellulose membrane filter, prepared as in Example 2
using Treponema pallidum lysate at a concentration of 44
pg/ml and added to the nitrocellulose membrane so as to

5 form a line across the width of the strip at a position
about 1 cm from the end of the membrane. The lined region
was backed with Polyester Laminate. This was allowed to
dry sufficiently so as to fix the TP lysate to the
nitrocellulose.

10 Immunochromatography strips were assembled using the
components above by placing them end-to-end longitudinally,
with a 1 mm overlap, with the Sample Pad at one end, next
to which was placed a Conjugate Pad, and finally a
Detection Strip. The assembled strip was then covered with

15 Polyester Laminate, leaving approximately 10 mm of the
Sample Pad exposed.

Anti-TP positive human serum was diluted 1:10.8 into
either negative human whole blood with a hematocrit value
of 50% or into negative human plasma. Four further 1:2

20 serial dilutions were made, again using either whole blood
or plasma as the diluent. Sixty ul of negative whole blood
or plasma, or samples from the anti-TP positive whole blood
or plasma dilution series were added to the Sample Pad of
the immunochromatography strips. Results were read 15

25 minutes after sample application (Table 7). A positive
result showed a red color on the Detection Strip where the
red selenium TP conjugate-anti-TP complex was bound to the
TP lysate on the lined region of the strip. A negative
result showed no color at this region on the Detection

30 Strip.
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Control

All publications, patents, and patent applications
cited herein are hereby incorporated by reference to the
10 same extent as if each individual document were
individually and specifically indicated to be incorporated
by reference and were set forth in its entirety herein.
While this invention has been described with
emphasis upon preferred embodiments, it will be obvious to
15 those of ordinary skill in the art that the preferred
embodiments may be varied. It is intended that the
invention be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all
modifications encompassed within spirit and scope of the
20 invention as set forth in the specification and

accompanying claims.
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5. The chromatography assay device of claim 1, wherein said polycation is
poly (diallyldimethylammonium chloride).

10
6. The chromatography assay device of claim 1, wherein said polyanion is
selected from the group consisting of dextran sulfate, poly (acrylic acid), poly
(sodium-4-styrene sulfonate), poly (vinyl sulfonic acid), poly (methyl methacrylic
acid), poly-L-aspartic acid and carboxymethyl cellulose.

15
7. The chromatography assay device of claim 1, wherein said polyanion is

dextran sulfate.

8. The chromatography assay device of claim 1, wherein said polyanion is
20 diffusively bound to the chromatography carrier at the same location as said

labeled substance.

9. The chromatography assay device of claim 1, wherein said labeled

substance is a selenium labeled substance.
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15 detecting the presence of analyte in said blood sample.

11. The method of claim 10 , wherein said labeled substance is a selenium

labeled substance.

20 12. The method of claim 10, wherein said polyanion is diffusively bound to

the chromatography carrier at the same location as said labeled substance.

13.  The method of claim 10, wherein said polycation is selected from the

group consisting of poly-L-lysine hydrobromide, poly-L-arginine hydrochloride,
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42
poly-L-histidine, poly (lysine, alanine) 3:1 hydrobromide, poly (lysine, alanine)
2:1 hydrobromide, poly (lysine, alanine) 1:1 hydrobromide, poly (lysine,

tryptophan) 1:4 hydrobromide, and poly (diallyldimethylammonium chloride).

14.  The method of claim 10, wherein said polyanion is selected from the
group consisting of dextran sulfate, poly (acrylic acid), poly (sodium-4-styrene
sulfonate), poly (vinyl sulfonic acid), poly (methyl methacrylic acid), poly-L-

aspartic acid and carboxymethyl cellulose.



