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Early detection of infectious micro-organisms in water sources can thus significantly
reduce risks of outbreaks of certain infectious diseases, or biological terror attacks.
Detection of microbial cells in finids also has various other applications, such as clinical
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[0004] There are known techniques for detecting micro-organisms in water samples
or human specimens. As the potential content of the target cells in a sample solution is
usually not high pnough to permit detection, the sample solution is typically concentrated
before analysis. The concentrated sample is analyzed by various assaying techniques to
detect the presence or the amount of the target microbial cells. Example techniques for
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[0007]  Sato discloses a technique in which polystyrene beads are introduced into a

microchannel on a microchip and are retained by a dam in the microchannel. Antigens
are adsorbed on the surfaces of the beads. Antibodies conjugated with colloidal gold are
fixed on the bead surfaces by antigen-antibody binding. Free antigens are washed out and
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SUMMARBRST GFTHE INVENTION can i ndicate the presence or
anount of anal yte trapped by the fil ter The anal yte
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The analyte may be trapped at the filier by, for example, passing a sample potentially
" containing the analyte through the filter.

.[001 0] Advantageously, it is not necessary to pre-concentrate the sample as the
analyte can concentrttte at the filter when the sample is passed through the filter. Since no
or little analyte in the sample will be lost and the analyte can accumulate at the filter, the
analyte concentration in the sample does not need to be high. The detection can be

performed in less time than many conventional techniques. Further, since more than one
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the path to allow a fluid to pass through the wall, the openings being sufficiently small
for preventing passage of an analyte carried by the fluid, wherein the fluid tends to force
the analyte in the path towards the downstream end to leave at least some of the openings

unblocked by the analyte; an inlet in fluid communication with the path for feeding the
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['ustrate exenplary enbodi ments of th
sensingkagigmeh, FI G 1 schematically illustrates a nethod
of detecting an analyte with a filter; FIG 2Ais a

- SO OnaAleNd ' ”
[ooﬁi i _C?.I))/BFI)' SE}%@{S’( 66T O betdth¥o1he FrefBY inGEntldA \Will heébme
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view of a device having pillar-type filters; FIG 4B
is an enlarged view of a filter on the device of FIG
BRIBRDESCRIEIION OF TEHEBRAVANGS| G 4C illustrates the
filter of FIG 4B in operation; FIG 4D is an enlarged
vi ew of the coarse_screens on the device of FIG  4A
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" circle D FIG 5 is a schematic diagramillustrating a

FIG IEMhERat RNy 19shNE] /8 etBbdl bBdetdoiRead adaly@s with afflle. 6A- 6C

are experinental inages show ng trapped anal ytes in

t he device of FIG | ) . .
FIG. 2A is a partial front sectional view of a device having a weir-type filter;

FIG.2B is a partial side sectional view of the device of FIG. 2A along the line B-B;
FIG. 3 is a partial side sectional view of a device having a pillar-type filter;

FIG. 4A is a schematic view of a device having pillar-type filters;

FIG. 4B is an enlarged view of a ﬁlter on the device of FIG. 4A encircled in circle B;
FIG. 4C illustrates the filter of FIG. 4B in operation;

FIG. 4D is an enlarged view of the coarse screens on the device of FIG. 4A encircled in
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the device of FIG 2A; FIG 8 is a diagram show ng the
detected signal strength along the height of the weir
oo 200886@vi ce of FIG 2A; FIG 9 is a di agr arCsRGW0#0p0339
t he dependence of detected signal strength on the flow
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di agram showi ng t he dependence of detected signal

. strength on the concentration of the |abelling
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embdﬁgx':&l@&ﬁﬁé%jv&ﬂioﬁbj ect, i.e., the capturing.object
onl'y captures selected or specific groups of other
objects, of which the target object is one but not

[0018E ¢ eAsalyte 100 isribe t5rgoj sublict malteriet gy Anakysistrsdetsgien. [t t v
usualm%ntc?é'ﬂg&ri glgy gafuﬁdsi% gglétf#galastﬁglptr%r‘;sgfu\'i}g%gﬁ{a?ﬁé 161ca8 %k S8 6r more
large objects that have specific affinity with a certain type of small objects. The large
objects have a certain physical size but can be rigid or deformable. For example, analyte
‘100 can be one or more biological molecules, microbial cells, or other cells. Analyte 160
can be, or have on its surface, a target molecule, which can specifically capture or be
specifically captured by a capture molecule. For example, the pair of target and capture
molecules can be a pair of antigen and antibody, a pair of ligand and receptor, a paiir of
biotin and avidin (including streptavidin), a pair of substrate and enzyme, a pair of sense
- and antisense oligonucleotides, or the like. The pair of capture and target molecules have
specific affinity with each other. That is, each of the capture and target molecules can

recognize and bind to the other. The pair can bind to each other by conjugation, linkage,



dependi ng on the type of analyte and the application.
However, the specificity should not be too |ow, as

wi |l beconme apparent fromthe description below Wile
wedoyi/eeld00 can be deformabl e, only those obpetkc2004/000339
that can maintain a mni num physical size are suitable

obj ects of analyte 100, as will becone clear fromthe
descripti on beI ow. [0019] The met hod makes use of

cne BT napl P ke RS S o BBl el | 7

spemﬁce’ dr I‘ispacﬁnﬂly;itrﬂ’ex& (Dthhe Belectivitpof & ;tapturﬁiggjbj:ﬂct e Qﬂjéci ng
rrerrbesat ached t | yte. 100 are referred tqo as
"aPTB%\O Hﬁé@?‘ﬁt"ﬁé ool GrIBPCURT SRS ‘i#@’%‘r‘éﬂ‘ﬂ%‘f% of pvdtich the
targbESoRict e@n& Butddt Adeédaril n_gﬂké(ﬁ@ bEAMHARR s wm%n
r

signal producin s.are referred o as
imprave tthe q@eﬂawﬁé@s&eﬁh@@%mq, Hgdlegige bEspreidisity may aetyed

B

can duce
be tmlowmwﬁﬂaemm& apparent fumd die desdriptibmbélow. Whilevueadyte 100 can

t in its .envitonnent. For .
bo A5l Sy Mord oS GA Bt o i A e gl e e sutabl
objetta of ﬂﬁly‘t& 109, as WilUREQSE ElBdr, frobh BEridk st HEE BRGY .,
col ori metric el ectric, magnetic, electromagneti c,

oS e B R B v
to spbﬁﬁr:au;}eﬁacma Rhalye 100 helCitk emilAin GANthEPSGIHE $60. 'F¥r clarity,
capture or be specifi call%/?e‘captured by the target

signahpraducipg mepbers alfaghpd © anplytscl 00 rsfeérﬁééo sl Acand tmattached
signa pddRaHE BRmbRrs AbeSbRfed RN 1088/ Ciife d'iﬁ&iqldugll 31gna1

conventional cell detections, biono ecu e or
produgipg members aye refgired toas 183 whemsit is nohnedsssarysio d:tstISglgslalbetween

s may be labelled with any suitable
attac abep%ﬁﬁgﬁv\%@gé persons skilled in the art, including

radi oactive | abels, fluorescent | abels,

[002¢ e nPiguatipredueing membots| 192 Celbpl@dilqmeteic:tablea@hls elﬂpﬁlant um
| ik
na ). 5 spRcof 0 PBRLRLS) & MRSl | Dl i

envnmnndrgz Jios cmrplda e:ghairpmﬂurcmgtdmn&em‘ ma;emﬁéscem rhdidacmib@ ve,
es for rare.

fruorGRint, P e e g BE it BaStae lirogagnegiyor other
. suitab{el 18], Whie anale lmﬂnclﬁrﬁ:l a%ﬁet nialeculés 8% sinaBproducing

"Eval yation of fluqrochrones and_ excitation sources
memiep pag molyde A sppiits sealeonl by camsprsificalip gapgure or be specifically
captutelBY IR ¢ ROIEANC. Fok Sk & kabeRdirEos sulY4 %ﬁﬁﬁé&i
. captoleTBYIS A BOEENG Tk DA Lak SATF s sncii bl protens
and nm@}e n@ldﬁﬂseé) tnscoageiﬁlonﬂ\r:elll detastions hiomelesdeorproteinsntlysis, or
r,di.
similef WA oo i BRSBTS i any
suitable Jabefs known to persons skilled in the art, including radioactive labels,
fluorescent Iabels, chemiluminescent labels, colorimetric labels, quantum dots (QD), gold
nanoparticle labels, and the like. Example techniques of labelling and cell/protein
analysis can be found in the references cited above, and in J. F. Leary, “Strategies for rare
cell detection and isolation”, Methods In Cell Biology, (1994), vol. 42, Pp. 331-358; G.

Vesey et al, “Evaluation of fluorochromes and excitation sources for

..|




(2004), vol. 70, pp. 597-598, each of

which is incorporated herein by reference. For

exanpl e, when the anal yte includes mcrobial cells
Biaci0%es616Cr ypt ospor i di unparvum and G ar di a | arOI/B6200480339
anti body bi oconjugates can be used as signa

produci ng nenbers. The target cells nay be bound with

bi oti nyl at ed anti bodi es bef ore conjugating Qs to the

imnfiblinciisoat et a0t R oLyt EsGRYa0S g0 LT

streptavidin. Al ter atlv
Liang#luiehali, & Qumi@ntdntgms baowed mhmﬂmmscdnheetmbg efstén€ldrs-

oM ALt LA i+
Mcmhmmgmﬂﬂ@@mm p;atsevs%,,eamﬁavﬂﬂ@ﬁsm:o%}a%d 1?3}, by,

i dal | ticl h ,
reere, RuCRrmile e i pgl I GoP B AS or
C’J’P@‘ﬁb@"fcﬁﬁn PR 280 €30 ralRm B, @fﬁgntfﬁo Lfogonglggﬁ't a'

ro- organlsn1 col ored or col oura
as sign R W&IP?}P%S The froged aells mery tothoend with bmltlﬁﬁlatcd antlbodles

o S A st

UI‘ e o
streptgngmamtpmmm fi Qibuby be lad eautibodiey i tHGH 1 Aabidied
Itse

conponent when the |abel is not

the ta bi ndi ng ot i
e_ ?é? éﬁfsl vely attachable to anal yte 100. The bi ndi ng
conmponent can be the capture nol ecule or any other

[002Hp; e%qamphd&bdssolaqimrz&mes aldfsubstiajes] roridde A 'aaths}sts

ng_comp onent includes

| e bind
uore S dEridt o s ol cecipapivg cwterioh g eidl onetalie

parhcles;ﬁmﬁtam peld, clgidaenon it pﬁﬁclebé&h'aﬁlseh?ﬂﬁrﬂ =d ar colored
proterm Brn

ar boh |l ectins, proteins,
partciE e Y e ftic arsoned Im%orgmzme@ﬂorqéommmgamc
polympelRick @ertisRRS U bsRss oP SIRL tor, an
rﬁhfp?or mgnlqgculesO pol ?ﬁ%??%egﬁéﬁng '?%?¥8q55@8§
and th Argixturg af the fabels maytelsoddysids used, |t can be
nmonocl onal , polyclonal, reconbinant, or chineric.

[0022]1i Xbighsl p@édutzmg%fenme&‘io? i SRAERA?  £30 eaugag»&%g}gces

Functional fragnents o
compogegy, when thefabel is agt itself sﬂsc‘iadebrcatqadmblcbb enalyt8 400.tT2e bindin
bi.nd to, anal yte I00

mpo o
comp E’ézﬁ%ﬂl%tﬁ@é@ﬂgg Iegﬁ]le%rtlm Ly tgiattlgllssgeﬁ clakligEty taas

and 1 s det rom an

attach tp anplytetl08.dtrauhptechimting gdrq:oil@ﬂ mdmues ufitiped, £8B6dy, hilften,
| abel carrier to

t {
substrag' W Ceélm ?ﬁ%fgﬁ.ﬁ%ﬂ%@g Liors, @ogﬁ,agvy:{% caxhghydgateyD

lectins, @aﬁaﬁ@ £itéil bidds, a4, al so
> filter fgﬁgfg%?astﬂglg%% %hglggkﬁig y‘%‘ﬂg%a but

peptide gF?ﬂ&WeﬁgPEB‘aéf‘s%\@‘@f% pifegierand esreptos mglestlen polyuriin geids,
polymefTeBRes, and 88 Bke. 1f an antibody is used, it can be monoclonal, polyclonal,

recombinant, or chimeric. A mixture of these binding components can be used,

Functional fragments of any of the above substances can also be used. It is also possible

M cr obi ol ogy,

that the binding component onty temporarily bind to analyte 100 and is detached from
analyte 100 after the label has been attached to analyte 100. In such a case, the binding
.component acts as a label carrier to specifically deliver the label to analyte 100.



[0024] Filter 104 defines a fluid flow path or conduit
106. Path 106 has a wde section 108 and a narrow
section 110, which are contiguous. As depicted, the
wacionsssiear e | oi ned adj acent a wall 112. Sectcpne2009800339
and 110 are respectively sized so that analyte 100

can nove wthin section 108 but cannot nove from

section 108 into section 110. Further sections 108

and 110 are shaped and S|zed hat ped anal¥te
[0023)0 \iThe mefhed alsg maiies pyegh2 i fer 10k W%%P

ﬁdﬂc@@gﬁn&ﬁﬁ rgmf rom section
aﬂo‘?’&%r}’% siagésec ilt%%eﬁ@f% can be understood, Filter 104
may have any suitable construction for trapping

[0024§a| yFikierIk0d dufiiels e faid fhowr pash oneandait 8¢ Pathgl@4ihage witléci ng

102B t | t
iR RE 4 B R g B Bl Bk o Rg ! i bctonsa
join€AtAcehtcy wall 110, Sédtions H8mad my) ok raspsatgamsxmd salthaiehalyye

ttached | od
100 Grrmare v feitps TGEit GHRG RE VOB AR A Hi B uf0.
Furtﬁéi‘cgbcﬁ@nstlbs aﬁ@ﬂﬂ’@é $hapdend RB¥d Bethat RdpppdamDic $6D Willaiot a

| lorescent or colorinmetric signal can be sensed by a

bIock Snwpati 10§ andungtiaghedpignalspduckng mermbest 14285 q38 passdipe g
secnoﬁ 1 Sn‘ﬂllt(?&%&nv gaﬁltﬁe' @dex%gé] il 108 nfdly Baid AFRERDE C.

east one 0 shoul have a wi ndow or be
constractioncfbr Wappuganalme ma mhlla allowiag un@taghegn;mak mogeing

men o R brge PRAE ST BE AP A B fer & CrO00 )

such as a sanple solutlon in which analyte 100 may
[0025] niFiten @04 iselqoroemctedxtmhlmebsn@ pksdgmal predagefl bgr ent

th trod
wach PP i SRS 20 0 EREE b Pt s SR bbuble o
defirih@SSdth POG, Biichws tHe to@ivall 14 enalyde flaGsphreint sd thatasonsdent bat
t he sanpl e does contain an #&lg a(%o For, cl. ar' c)yﬂ
cologpipic eatly ek b BUSLIRBHRT LAG.FHesiod, yhsg g sigiel oo
senséd i Eb?ﬁ(faéﬁﬁ,d el@étrik riﬁag‘h@iil: &feldetbmagnetia i lesttdnd 85tht Malls

section 108 are noved towards section 110, as

shouldive amvedow)rtbn anae phymaistialhakallevs the sigaal g passithropghuer
ners know to persons skilled in
Othe%e%)f{an& or exarrpF’r@,ﬂl anal yte 100 can be carried by a
fluid flow The fluid flow can either carry or not

[0026} r FoJeigeiamalpieddlén hepmple-(asbshowrdsuch & AREUPICSINYSR 187
i EATERALEREBSF o057l Lot i

the sqmslel iscintoducedrintr secﬂdi:ZlOBstrl ibmatlm pupbses,iih thefollayzng n

descnpt%i%n %Eherg%c}e%gc {olﬁl(f ititelg ass}gm%& that the samaple does contain analyte

100. For clarity, only analyte 100 is shown in FIG. 1.

[0027]  Asillustrated at the top of FIG. 1, analyte 100 in section 108 are moved
towards section 110, as indicated by the arrow. Such movement can be effected in any
number of manners know to persons skilled in the art. For example, analyte 100 can be

catried by a fluid flow. The fluid flow can either carry or not carry signal producing

members 102,

10



arrow. The concentration of signal producing nenbers

102 in the carrying fluid can vary and can be

relatively low, for exanple as conpared to the
voroed3smri ons of | abelled probes in conventPOT&:2004/000339
cell analysis. The fluid flow conveniently pushes

anal yte 100 towards section 110 and agai nst wall 112.
The fluid flow rate may be constant or fluctuate

ool B R B

MBufbkrs10&is dow¥Riduph Blat foacae dibgRalinglcRsisy Me
I)m&rPrlegr[r%ers 1r528 csan passu hrough filter 104, attach)ted

arrowi Gheatonpantrdtien efgignehisedusinponembersel 021ip therawryigtiid can vary
anal yte,.1 0 ' o

B

protesifef dogventionad cellmalysisn T fidié flew obnwnigndy pushotiamiyig 100

towairrgoipphtb e pamst vl 1o BoBe b os BRI, one

fluctihts ddlenBing dH e artiTREP ¥plidktiodC TRsIiio cartd liguid 6a gas.
llc[ 003%6n®%eral Iy, theﬁf;fpl ow rate of the carrying fluid

(002500 Apdhvaaisa Ak e opi eRERbE s WA PO Pt RAGHE b

' Mgghs e (it dcRd BiinabproB@din®mestbedk NQ2A
menﬁhﬁé%gg?gel As?lgo e traﬁped canal gt ep 100 lI\]/lvlg)itjﬂh_i n. a e

trappeéd svithawalpterli08 ¢o which they altzghg The fluif Agwimache mantained fofian

-peﬁﬁrbgw% &Ml that shificlenPORELiRER nhinBBrs of HEHEA\WRSducthgV e Y

I'ow rate may not be desirable. For exanple,
membes 1624 hreqttacted id awlyte Hi0e Haloves, in some epplications; i megpe

not sult in inproved d ' tLLCh but wast ed
suttifgs 7 S oo el arod gl BRDSE 4B I Mg, 1 Po0

desirabl e when analyte 100 is deformable, because it
[0030hy Gatedly testow sidufithaeanyingftbidiende mainiaingd withpg range

e
o 5 G g soanect 4 siopitmadepl et
s o . R o i BSR4 DY,

Howd?d?, dény hibh 86w 8 maPRnssy dedildbld: #0r HQmplY irfciabinp le flow
sensor fof detecting the particul ar, tyl%g of signal.

rate fboye eseata lemit may veieall ip igpvest dedecin elficiegny put vagted
resoug%%; ] 9&9%@ RRCAREnIDY dBGralRSekenaBh1yRel08Gd | NY

orinmefric-si , a ‘magni fying glass may be used.
deforfuablegireshuss tif mayl cansagessureduild-ypenddetomy aeabytod (0 extensvisly,

sed if t i gnale.. | ot naturally or spontaneously
ﬁ"eng‘?fsla%é'é%ﬁsgﬁ" ﬁ’é‘a’&%ﬁé@é’?u nul ation or 11 WO
2005/ 036167. PCT/ SG2004/ 000339 activation. Lights or
[003thdi Afsiitabde serging eechiiquecwitidtht ngnefa ssuiercuch as seheorfllf.tier
then é:n? oncr)e% to lgn%e a signal produced by attached signal producing members 102A,

which are trapped together with analyte 100 by filter 104. Sensor 116 can be any suitable

sensor for detecting the patticular type of signal. For example, for detecting florescent
signals an epifiuorescence microscope may be used; for detecting colorimetric signals, a
magnifying glass may be used. A signal stimulating or activation source may also be used

if the signal is not naturally or spontaneously produced but requires stimulation or

11



light or radiation source may be separated from or

i ncorporated into the sensor. To excite QDs, a
stationary or portable ultraviolet (UV) source such as
WOZPYHEbI2. UV | anp may be used. [0032] To acRGFS&04/000339
sense the signal fromsignal producing menbers 102A,

it may be advantageous to reduce or calibrate the
background signal. Background signal includes

backaground nqgi ses and, si.gnal ro C
actgiiiol B Guttdienc ARMEs Ry Sahl FREt e HFIhRG Ft
Hght Bﬁﬂaﬂilﬁﬁoﬂ&grca thy be @gardted i{%izllor iﬁa&&poﬁaﬁ:ﬂ.iﬂhameﬁfor._ %@@&ﬁe

signal produci ng nenpers that are in ui
QD¢ jasigtinpary Aboripbie viravipleldly Vo sourgeuchas %Pﬁf@ﬁ?&i’%ﬁl@w be
04. To elimnate or reduce background signal, a blank
lTuid, which does not carry any signal producing

menbers 102, may be flown through filter 104 after
[0082]owi Fryacchwatelyasensa the signalifient dgnahpredpqingmempers 162A.4f may

v g S RSl el o

includes backigroand ovisesand yigngls pfoduied by eoattashed dignabprokugingind
- S is limted even w.th f.l ushi ng. | ibrate
e PSS T g
thosHBighidl ?)&dﬂ@tﬁiﬁg\heﬁlbéﬁ!lﬂlz itl;hle bi¢ iﬁ?ﬁiﬁlﬁﬁlow Bﬁ\m ycttlﬁﬁpched or t
exampl e, e carryi ui ow may. he nmai | .
passg Figpgh Gen 4o B Elamite oreses BAOREI@BAG gl ek fuid, which
does‘lig}g %ﬁﬁ] 409 sigBfl RbaueRRihanhedi il fRfbe R6WA Uabilth MRTNES Siter

section 108 is at equilibriumand the

flowinpcthe eastying ftid i seitablperiod|of Bmaseas tofiveh getEptaghedsignal
pod i AERRE 108830 ERNSRLEAS B 8 Y E9R35 i

trap
fluiddetansethe dackgeouarsignel is fimited b yenavithogt flushingalo padibrate for

necessar 0 nitor .th Si Lountil i .
beckBEAT TR b hoeheiob B bt med bE AR Rl & o plify BBt
Ievelaﬂml leoiis cartjﬂnd glﬂﬁidilbognﬁl by lprrmlﬂiuta;u&g atm?dlmivslytcbmant
' only produce a detectable signal, after they ar .
slowgte o Rt 6onchteio Rtighed igoal gy dyéing meben fmns
sectib® 108518 abdqiilbliuf e dkd ngaﬁmﬁid@al édnade cRKREied EThe strength of

di stinguishabl e signals dependi ng on whether they are

the sgseésigead cept indigete therpreace mddeymoust ekanalyle Udepeebin,
ﬁlter}f]lgdl.r'ﬁfj&é%ﬁmﬂﬁttﬁﬁﬁﬂﬂtﬁn bk BBytO 160, §3Hay AGIeBAS Ay 8 Mbitorhe

ow rate or the concentration of "signal producing
signatentifdt wachea imaximyven. SHith périain thpesiof analyle,iemay be advantageous

tousf R RGP Béf B Sty dibeufs Mool Bohaidbe ALY
attachddte thecamnlyiedk mzdyi abvoche aliRaiWifge @306 hS3G8rRY producing members

| that pF;t%;x/og 81?g4|1/13 gb g%l?gnals depending on whether they are attached or

use

unaftached.

[0033]  As can be understood, to reduce detection time, one can increase either the
flow rate or the concentration of signal producing members 102 in the carrying fluid.

However, as discussed above and further below, either or both of the flow rate and the

concentration may be limited by other considerations.
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[0034] Filter 104 may include nore than one path and
may have one or nultiple openings for filtering. As
can be understood, additional openings and pat hways
VoOrwwyisswase the overall flow throughput. FurP¢EsG2004/000339

when there are nultiple openings or pathways, the
filter can still function when one of the openings or

pat hways is cl ogged, e.g., bI ocked by a | arge obj ect

in the sample. [Q035] Multi ers.in parall el
1003} o GuHCHR iy hose tiashe Brth nd Baf b PR o pifietens
opcﬁllﬂgs RV BltéHdg, ﬂ@Eﬁﬁeﬂﬁh&s@b&l%ﬁ&tlﬁﬁﬂ ep&inps ahdPafilvaydcak an

be understood and appreci ated by persons skilled in
incredse theraverall flowrtbronghput. dastheri when e e WHHPI§@penings or

pofE YRR b 5B AHBAL I 0 G Rr AN
e.g..Hdakedby 5 laage objdcnaytBe egpdssary, because the filtering

can automatically concentrate the anal yte. Al or

nost. al t.he te |
too15 o el fer i Parffid mtbechtp B S0Pl reless,
incréab@thd obaell dasctatdesighd bivérgih. can be h| gh comparing to
conventional techniques. Using this nethod, it is

100 A4 0 bPaf 554 B bRATGC bvrd VBl i 85 e i
descliBdPdboVetah Hecau/vaxﬁageaeﬂﬁ eéttaiDspplitationg Fak cxungl) @ibigh

menbers. As the fluid can cont i nuouslé fl owthr’gﬁgﬂ]I
concpRfgation SHgple of #largg voivape RIS ROSTTSHY 5F y

the fitelit ?Hﬂuﬁm?&ﬁcﬁ]ﬂfcoh&%ﬁﬁﬁ%@ﬁﬁiﬂé %Ill or! aidnd)s‘i afbPe analyte in

posSsS to recycle the carryi'ng flu
the swplcevﬁlhammdt Hnu;; Irp-Henospiraiionaway net be nqce@s%'&ﬁt flafectign

e Tl

possiblet te deteetgusingbeicehen hi gh concentration | abel |'ing
sol utions are used due to strong background signal .

T

concextravienbf sigal prodbdingmedbysrs.sAs the Anidogae sontiﬁuoustaxﬁwm Heough
nmet.hod it ossi bl ect

Si t he, abov
the 5, st bR O De NI Srovestgoalth feLg e oh B b apayte-
It is M45oSsible fto ﬂﬁy&e Mmeﬁn@ﬂmdcnmmdemm\tmnh@maluuw dre
anal ysis. [0039] According to hhl s met hqd,
less qoptly; forPIepaFe- Eerﬂtréaéalseatn%t%e&t? Bshryas gtfnde Q%t%’f’s
meashteldd8l cad %@ i‘r{aﬁE &k Ys @tenTéqiired dMeRHEh YondBEAIbNIa e ling
carrying fluid can carry different types of signal

Solut}@n@m@sttﬂgimmﬂgb@mo@éélﬁﬂﬂr cally attach to
di fferent anal ytes. 13 WD 2005/ 036167

[0035’]CT | R fdfibh OO dedSction can be performed in a relatively short period of time
as compared to conventional cell analysis techniques. For example, using the above

method it is possible to detect microbial cells within a few minutes, as compared to hours

or days, which are common in conventional cell analysis,

[0039]  According to this method, a single filter can be used for detecting different

analytes, either separately or simultaneously, because the carrying fluid can carry

different types of signal producing members that specifically attach to different analytes.
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For instance, when QDs are used as the signa
produci ng objects, it is possible to detect nultiple
anal ytes (e.g. 5-6 or nore) at a tinme based on the
wol woo3er7t ted fromthe QD | abels. Further, ap€PsG2004/000339
coated with nultiple streptavidin nolecules can accept
multiple biotinylated anti bodi es and can thus be
selectively attached to different cells. [0040] The
equi pnent or apparatus required for perfornmng th

For instanea whan Qs aresysae pethe sigpgd graduciag, Bblé%f%?t 1B Boﬁg?ée togletect

mullthe lanﬁﬁ e ﬁa eé B or IS8 okt Qﬁﬂle%%eﬂ\ﬁn ﬂké co‘?é}E‘ edifited HohPl BD
P angyie:

or on-si‘te anal YSI S. he detection can
label. Bariliee, QDeoRtdetith dltipld statépﬂawém m@lmﬂwah asasphmanltiples

bio e B 47 GLHR o e R BEeRe By ™

Filter 200 has a base plate 202 and a transparent
[0040]V e I'TIRQ4uipwentdy appesatas lfcl;wi'terd faxpediohingitheméthodean be

sl CPRBHE, TGS e PSR RGDEL bRl o S

ommesor oh QI RARIARO The Aetoldioh &diDalsd Y diikdightyhiat i s known in
t e art as a weir. Base plate 202 also has two ports

each in fluid communi cati on
Oogact iFaltes 196 gay thaye yarigi seped gmr%ﬁ‘ﬁbf Mﬁ%r#lﬁt@fe By

type&ilidr 30U, ah Bl Arggmﬁo:ﬁﬁgﬁlo%ﬁﬁeﬂ 144 Pilket 2000as a SR HLAE202
206. Séct1ons 06 and 208 ports 212 may have any,

and & rimspareet cobier @4, whickhasagluicheonduiy withdpree sudign@isseciiogs in
ﬂuld%@%lgﬁ%%ag&g ] ﬂge'i)aslaé%ng ?ﬁ %H@Mc g%@ﬂal W §e§%ﬁfﬂ ﬁ'ﬁlch is

rusto-coni ca n an Xenp ary
formed alfavie taalam2210, foumingtwhat i dnowieingbe angs cweirdBase platﬂrmawo

X i.ons. 206 | dt h of>0abauh g
has (Pt A E R AR s thei et it Sl 84 cho 208 Bl hoving
aﬂuidrﬂéﬂah@ ]?Ea)zouggcgfdr Qijecting e shﬁ%ie ga?mpinto mecadnmﬂt 6. Sertipny

an ectl ave a et ween ou
206 01208 s PL e G T Ehe ShPen B Srearhs iRk peslots A6
and iﬁb@rc g"e%x\.ra]lsvli’&tzﬁl ThSand bértH 2V 2are %Bﬂ seh-emRdat n &
an

about base Iate 20 cover 204 are

exempinay, emtzteﬂwttgf ﬁyer pT spﬁabéfr fpg detpgting cartaip guigrgbial cellgh oy ¢
sectxcﬂlg QOE Thd Eﬂ fave @'&gdtﬁgf %ougi)ﬂnﬁ gh@{%ﬁﬂﬁ isaROis ey idnek. As

e un ers 00 ependi ng application, the
honzaﬁelxhrenmmrﬂﬁa B} sectiony 206 havp e @apth ofsbauhipl e, and section

208 Y FUSH B SRIBFIL PRt ME} Soechc A0 diion
in FIGe SBY); itikesbra202 davel ;mmmm disinseter obsimuo] moiedptiskest plate202
and cpyes 20 e BRn O 295 S e sl 2B b Bl i

- and Bher208 if dbolre300 K AbSardienindbsthodf deptreling2@Dthé S

symmetric but in alternative enbodinents the fluid 14
application, the above measurements can vary.

[0042]  As can be understood in comparison with FIG. 1, filter 200 is suitable for
practicing the detection method described above. In particular, one of deep sections 206

can provide the wide section of the filter and the shallow section 210 provides the narrow

section of the filter.

[0043]  As depicted, filter 200 is symmetric but in aliernative embodiments the fluid

14



WD 2005/ 036167 PCT/ SG2004/ 000339 conduit and the

ports can be asymetric. For exanple, dam 210 may be
tapered so that section narrows fromone side to the
woheos/ossisch as fromleft to right as depi ct edeCt/aGiona/e00339
configuration, the same filter may be used to detect

two anal ytes that have different sizes. Further, the

i nput and output ports can have different sizes. For

ampl e, the| ut ort an be | a hant e outl et
configh 14 % PR DO SRR EoLepapls ot gAY hf Bperpdba fhat
sectidn r@trb @Y Bom@nk %E td e S{th QULhQk fidh e kECHH QS déﬁ&% ®n this

into the fluid chanber of conduit so as to reduce

configurgion, thel s Bltermanytbisaisedeiio|dstegitwo palyias et have diffigrent sizes.
rurf P B ot Y AR R TOE LS Shipon

M CF Ob
can be kargec thap the@&ﬂetd:@m Adenafit of haxmgmh@sample injet 1srﬂ1aelt allows

fllters le filt.
dieft s L pimieolEgPer Sl i Hisnt B sonptif Saso Tedies
samﬂHh&ib%:oﬁ%ﬂlﬁnﬁH@ioﬁﬁ@iﬂl&nS 206 may be wi dened in
regions proximte the input/output ports, for exanple

oo 5 S AR W s B

mxcramﬁfeu@ lsu @432 1ierodhipSOne d&rﬁfc@ﬁﬂyﬁﬁeorﬁcﬁﬁfb CRNEUBHR Flters 200
materials, plastics, conposites (e

in pagallel; df mﬂﬂn&mﬁiﬁers&@&m meaporaEﬁ,éhw may shore the game input and
d
outpfEER Bl B 20§ 25 B ThiEEd Bl SpiofipiBLmalind b iGutiR e

portsClomriemampdo togecedtd a)largmyolmse uﬁﬂ@id OEM In a particular
enbodi nent, base plate 202 has two cavities and

o0dS] P S5} bR SR GRG0 s P
ceramioy, semz2Oedudiof nraterilsyplastics rdwposite (4. qmlsde%hsdmd)xm or

; 004 Fi | 20 d
the 1 5 iy comtfiof OF B G TH PRI e el B, 0P
examipRS Ryrefaslask 661d $¢ DovO0GmirigATorpdrhtich rambe dsad.di C deV| ces

or MEMS devices, including those techni ques descri bed
A.Pract.i cal

P A hi
ook G oot LB o B o B
oonndw% thid|chvitikd dn oneNEWS Yafdces, B thaPRRG askitaed Bish glarQ02tand

Integrated, cel] at i and pol ynmerase chain
wvefr@ﬁ@?ﬁ’éﬁwﬂ‘ﬁﬁﬁ?‘iﬂé‘ﬂ@%“ﬁégé@d zg)gn mcrofilter chanbers,
Anal ytical Biochem stry, (1998), vol. 257, pp. 95-100

jo04t] W Fitkr m®0}and eiedletiRt @lcoMblting & wdy tRlmanatdvhnéPasigt | on
and flow of biological fluids in straight channels

convenfippal FERRFRENS fechqayes Sy semigepdnciorchipgaichiluidicyevices or
MEMSI®91bs, intRldin 4[90539&: es“!iescrﬁﬁ@ bn Pt Phelhart, %chrochz
I ncor por at ed %Werel n reference.  For exanpl e,
Fabricitionné|\Psactical Graide ta Sﬂmtmndmgel’rpb@w@g,cﬁh e@eMﬁQbmﬂlcﬁﬂie d
New Qer, ﬁ%?Z(ﬁ(ﬁ)? ﬁétey ﬁ/ﬂdmg et al. “Integrated cell isolation and polymerase
chain reaction analysis using siticon microfilter chambers,” Analytical Biochemistry,
(1998), vol. 257, pp. 95-100 [“Wilding”]; and Peter Wilding et al., “Manipulation and
flow of biological fluids in straight channels micromachined in silicon,” Clinical
Chemistry, (1994), vol. 40, pp. 43-47, each of which is incorporated herein by reference.

" For example, the channels and cavities on base plate can be fabricated by deep reactive
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15 WO 2005/ 036167 PCT/ SG2004/ 000339 ion etching. The
inlet/outlet ports may be fabricated by anisotropic S
etching fromthe side of the base plate opposite the
wioaxaosalzels7 A nitride | ayer may be applied to tPer/SG2004/000339
channel side to protect the etched channels during
etching the ports. [0048] Base plate 202 and cover 204
are anionically bonded together. They nay al so be

t |1
on SRR T 5 AR R Sy
sideSTeRk 1S plhtelo osiké)ﬂleloﬁaﬂﬂ&!% JAEitFids 1agleratayi teegplidiong ehe dhtaﬁﬂhl
reference to FIG 1. For exarrple a sanple may be
side fapraiest e giched @aaﬂ%@trﬂ@&tm thg PArugh one of the

ports 212. A microsyringe may be used for injecting

[00§9fm| Easé Blatéi2020nd ESVeP 20kt agibsiclly RRdéd oSt E eyl 9HBals0

sanpl e solution and the analyte. A fluid carrying
be assegnbad ip prycRyi tieymannes &newe toronetos skilh in ‘thééftt hr ough’ t he
same port 212 and exit fromthe other port 212. A

[Ooﬁynp HRYedfor RS 208 b bRN s g lfl]h ot fe blaBMér ALASILEL Ve

mai nfal ned at a const ant low rate, for

mttaz&rqmceto JH? drFoaexaonple. acsampie m@equumﬂuce@@mtm o
ol B o EAR Bk ey RIREE Py RO o

into oy 282 squsasl peiveiy loye nb@nq:lmcﬂmmhadd ﬁndnalytap@ éhhd carnymgnt

signspeotiP i doribaiy cp tim e Reekiranee e semEbpt 26 wdeSh et o

othef/Sére21D. ?uﬁﬁ%ﬁ&ﬁﬁ&!?ﬁ; MAfinRi0Yefividiflod) Theek Yif be
cont ai ne anple. Filter. 200 pay .be packaged

maintziped 4 2 gpRsiast Ao fﬂ%lfﬂfe‘txatn@ % BY. a1 PHOMAIG HTiRgA U and

Do o] YC10p FRERLAn S 28 L5, iy SO

used30 Gtitydlete onexeite the m@rogmmge@emm atmbpdsa@d t@pmdl ig fropof
h
e 5103 B B G530 0 LA Bty

smtacb;\r;gsesgr to detegrhine dle(p‘ressm:er(s ;amihi cfiasy awrtaccmtapm;l/ihdm ihn
seangle, FURS 00 iy hEbackasR P ek AR RARaiFicd Bl apd

dehv&@dfhﬁhplmlsydtﬁndm cannot pass through but are |arge
enough to all ow si gnal produci ng merrbers 102 to pass

Pi | I 6 .M | ar ut
oS UL bl TR e A N S e il
302 A4 shnilaf to| thaﬁfof 1ifldr 2000 whidh lefie0nBSiid veidatt cbmem@gm)
the possibility of @ c¢logging the fluid, pat Qfg t he
inputpngd |09tp@t R9¥ts §Rat shownyy Hewest-dRytead;of weps Pé'g%*  drg proyiged in
the chiRRAFSh blocking and trapping analyte 100. The gaps 308 between pillars 306 are
-sufficiently small so that analyte 100 cannot pass through, but are large enough to atlow
signal producing members 102 to pass through. Pillars 306 may be generally rectangular

but they may have other suitable shapes.

'[0051]  In general, filter 104 should be constructed to reduce the possibility of
clogging the fluid path by the analyte or other large objects in the sample. In this regard,
 filters such as weirs or pillars may be arranged in a suitable configuration and pre-filter

coarse screens may be used, as forther iltustrated below.
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filters such as weirs or pillars my be arranged in a

sui tabl e configuration and pre-filter coarse screens

may be used, as further illustrated below. 16 WO
MOBNPB6WE7 PCT/ SG2004/ 000339 [0052] FI G 4APETVSGE0000339

m crofl uidic device 400 incorporating pillar-type
filters and pre-filter coarse screens. As depi cted,

device 400 has an inlet 401, outlet 402, pillar-type

filters 403 coarse cree nd | 1s,,407
[00g2k | an% 42 shoys ane%r e Wﬁ‘ﬁg‘ﬁlﬂn fg\%‘lﬁPIB%’fté’P%'i“%ﬂﬁi
pre- %EMEISQ Qéréengl% deplRBACRRAHLIA00 Bﬁeﬁantﬁﬂ@t A bt 202, pillar-type
separated by filters 403, section 405 bet ween I nput

filtegrod08, ause serdents |4M,emé walig40%dining s ibeonduiheRprerting igpy
4
por 1 Sl P g ofltadusy hatuggom

' sectimelos beuWeén inpﬁrpartlwli andﬁlmrs 4034 8€rtiony0beetivesmiiitbrs 403nans

oupbpir B Thun e eh A6 P ePRAoy 1§ bildop BRAEH il

screfi3 Q08 amﬁ fep Biterda0D TV RE 40882y bOfdrhnéd 161, a babd pmtelm an
en|l arged view of a filter 403, a nunber %éi

coves plte iysirilar mrapnes japfqr SroyiRg ?W%rl%wm%aﬂngrﬁtea ﬁirg%qun

wo rows 410A and 410B. Rows 410A and 410B are joi ned

Vel
al)oat end 412 but spaced apart at the other, open end.

The benefits of this arrangement wi |l becone clear

[00533| ovés beger spexf in FIGy 4130@511101@;&;?@ eplargsf e fe filipn 403, agumber
of pﬁl%gﬁ IRENGE Bndilat doHi s as 0% E.II% aﬁja.ﬁ Wik R %%MﬁA%h@ BB

uci ng nenoers t n Ot er Wor each
Row& #1104 andiIOB; axcjointd st aadgaa@uamaged\apm affbelothed, bpémeendnThea

4 d
v i B3 A AR L B OGP AP S 8B o
408 4B dﬁcmmh belhreéta@]l&s 40681t eﬂlowdiﬁiattghched sigeadl prodoving t:;eeﬂbmseﬂ d
T
pass 3 RN AR ok B8 TS RIETHS R WELBRVIBR A B |
pornsmiwﬁﬁi #sbBedGioetich 1 BB PG tionsi10ANE YYOB HefR€ A i gHpaA08

i sposed _al ong the Eath to,allow a fluid and
betwcmletﬁwa@m has & pubistaptially dosad, demmeiesam end 2pd B OpRps Ypstream

end. ﬁﬂé ga&&%ﬁ%&{hﬂ ﬁﬁﬁeam%arw&as ﬁgao@ﬁs@mﬁ.ﬁfeﬁa %a%ﬁbf Woall

reventi assage of analyte 100. Inlet 401
portlm§ 41ﬂA apgl emB hasmn!mhiatcif @ppnmgs 408 ﬂlép?ﬁad alopg thefpathtp gow

o AR W BB RS D o

openinpeMSgs sutfiiefittyr snadlll fommgentlhg passigmodi amﬂyte AD9. Inleed(das in

ftuid 0054 Fl G é}?‘hl | | ?éfr td%wa%%hl }er 30@ Wf‘)( grgstglgga
end off ﬂ&tﬁaﬂﬁ %ﬂé’cdlﬂﬂ s i MR deviofinityiog $ith bPerddss108 Toi Alokwng the

cl osed,
fluid to exit the path.

[0054] FIG. 4C illustrates a filter 403 in operation. As can be seeﬁ, analyte 100 can
move from the open, upstream end of the path towards the substantially closed,
downstream end of the path, but cannot pass through openings 408 so they are trapped
within section 405. That is, analyte 100 can move within section 405 but cannot move

" from section 405 into section 406. When a fluid flow is maintained, the fiuid flow can

carry analyte 100 towards end 412 as indicated by the arrow. Due to the narrowing path,
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downstream end of the path, but cannot pass through

openi ngs 408 so they are trapped wthin section 405.
That is, analyte 100 can nove within section 405 but
PaRGoTo3nsie from section 405 into section 40BCT/9Gz904/300339
fluid flowis maintained, the fluid flow can carry

anal yte 100 towards end 412 as indicated by the arrow
Due to the narrowi ng path, 17 WO 2005/ 036167

PCT/ SG2004/ 000339 the fluid dg to . f t
the Epid It‘illdétolf@@ett'@ﬁﬂﬁdcﬁé“ﬂﬁ’%ewg géﬁff’g@ e@sﬁ?@?ﬁ?ﬂ%gﬁly{&g @300
ten%ﬁgg%m C?%Eﬁﬂulétg di @€ Q&Hﬁéhﬁé@ L‘Pdset‘l RiswastRiAdid] @hé Kaving ?t

wnst ream end, thus | eavi ng at | east some

lasbpene qf'gpemmf 408 Ishiolosked b ynadyia 19- T hemore; trappest analyte 100, or
0 beet s il )
ot G el oS e vk L 5% s SRR ot

menitie@102BTehm smeiey ectida2®6f r om enteri ng section 406.
[ 0055] As can be understood, filter 403 nay have ot her

1003} o b R Hpdelpods B o ma s e Bt Bty ©
trapﬁgg ?llagﬁ‘g l%ﬁleaﬁm%ﬁggﬁei ﬁelbﬁhl yedducing mmiﬁch)lﬂélg to pas;
thm@@e Fenezamplygthe sl ferored byrpgrtigys %ﬁ!gr %ﬂa‘ﬂ @P@éﬁg biesany U

shap@{i IRl E%mﬁ%%ﬁ]cax@@foﬁﬁe@w RERSnddOM GElpRfrdr event

oggi y screening out large objects in the
sanple or the fluid flow. As can be better seen jn
[0056] G Comse sesaans 404 als pikeni gloaeing byssreening gut laee cBjegh in

the SH%F% op i SRiid fod! Ason‘f‘]%{n%'efbf:ﬁffr SBin i5 FTESAD] conRE kérediRH09A to

cts to pass rough. Coarse screens 404 are
404khave diffetend icslhhsizestttellow difrent sizesof gacighes pr 9bjentcio@asse

t h
ool G AR e 4 LB SRS ppd e
the smplﬁ locflgid. f}obufprogﬂetmﬁs theredﬁougac gradpﬂtyrsas;m? ﬁu!rmemash@y a
Si z er a e.0 e
smallfe piYGcF o S SEr R SR TRt Sioentaf & oy SiASIATERE Mo the
mestSR df @ikt nexﬂasmeaﬁ%cﬁaﬂ ﬁ&&fepﬁfed AGdfden HOSA hbetht amghbst
nmesh sizes. Each coarse scr 8‘: Eas nmesh gh ﬁa
 mesh sigegendiewrgHOHE hag %W%ﬁ%b'iﬂg@é 3CR COALRESCHERR ‘é S mpesp
smesq ofigh fd WiloWERRIyE RS0 Phss ORI FoSEaRDIES tHdNesH 8FYs of
between 50 to 100 pm for detecting m crobjal ceIIs

coarsEiyereens SRy w@ryzhegwmﬁoatp 480 H@\fer dntecting erierobialglls. Fhgmesh
sxzesgllln giagsro%?% ﬁﬁ@}ehfﬁh%eg 5 aitflbh aﬁg > iRELArsd Wrebsld 404 in

I'S possSI eto ete san‘p es that contain

placel, ﬂmsqn;snlﬂ,be@ﬂacmsaxhpim thmcantandmhpctsﬁmthoh@rsmnt of
kly performed.

ctlon nd .ana SleS S
th“?’eé%ﬂh @F‘F‘@Jrar@tal"%s‘%f% & e ysp g%'ﬁ&coarse screen
can have a zigzag overall = shape so that |arge objects
[0058] oppedieinatife enbodithertd) eachowene suidn can ivecorigtaptoyball

shapebslootﬁ;(t large objects stopped in front of the screen will not completely block the

fluid flow.
- J0058]  Referring to FIG. 5, a single microfluidic device, such as device 500, may
have a plurality of filter channels, such as pillar-type filter channels 502. On device 500,

twelve pillar-type filter channels 502 are arranged in parallel. In different embodiments,
there may be more or less filter channels. Each filter channel 502 has a filter construction
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fluid flow [0058] Referring to FIG 5, a single
m crofl ui dic device, such as device 500, may have a
plurality of filter channels, such as pillar-type
Wid 1es/036ivannel s 502. On device 500, twelve PC1/SG2004/000339
pillar-type filter channels 502 are arranged in
parallel. In different enbodi nents, there may be nore
or less filter channels. Each filter channel 502 has a
filter construction 18 WD 2 05/ 036 ]o%’
simipcty Sapedilieodiads depietpd, leagh filier chapnel 025 progativaly pomnested
toa ggx?ésg&ﬁn& GADBIL ihied $03'anf Qﬂ@ﬁﬁneﬁ %52 KParOhe sahd ﬂﬁld)fnlet 5|0|6

to a correspondi ng sanple 1 nlet 504 and
and ﬂhﬂmnﬂbiﬁOB Ofeightmndng fikershmnels| 502 drej Slﬂll@ ttedbssepanating wallsy

et 508. our i L]t
510 ‘?‘H?tgﬁ °B&?’\§B’%8‘?a‘?1’ﬁ‘? qnf’sﬁ&g'%‘ﬁ %In?er na I‘?l\?%me
samfIE R6t 208 differeniBliz@ndlhany hine diﬁamﬁélm&ﬁ}etstmdamﬂet&ct ed to
a sama sanple inlet and different channels may have

t | et. d .out,l et 059] e Q0
100581y Hegicy S0P s g Y S A heatrdl B IR DO S
IIl‘]Edi? 9ﬁ§ b:h;]h%hﬁrﬁel 302] aQﬁfferbﬁttsﬁmpﬂfdﬂ pedba(iglal pdudnghinthbers)N By
anmpl e or probe (signal rodu0|n menber s
- m;eqtlng difforan p@mrfle difpreny P’é?é’@%lsﬂ THulgp ﬁéﬂ@'ﬁf mdgﬁlaﬁﬁfélﬂg can be
d
dete ] dituBlesnc B, ﬁy%&ﬂ]%‘ﬁg%eréﬂ% 1o BV Eren Bl

simu ting different sa es in
simuitaicoes dei¢ction aﬁaeﬂ:@lyt@nﬁhﬁ differsot Ramples 62 bfoaf: edyyyithin a

shorea@ﬂﬁ ﬂ? 31'119, St gh b b k&t ?%?&afﬂjalh%?na eﬁﬁoc@nﬁéﬁt@?‘rﬁ&e

peri o as In a
diffefénbicHagifiels have diffepen fiuidisletsrind dbtias)titis pbesible todietetisliferent

BT TR e

m]etféhﬁé%' hagleously by flow ng different carrying fluids
through different fluid inlet/outlet pairs. [0060]

her_types of filters ch as e
(006} "F Pieek Bpen s, 5 PRLEPY BB GRS P e
nsed F& de R¥BAPACanaly RE FoddampRS the ity e bEfilkss discloed ih Williigdhag
may be used. [0061] To prevent | arge particles in the
beﬂ%@mpl e solution from cl ogg| ng the fluid conduit(s) or
channel s, one or nore prelim nary coarse screens for
[0061] | t% ipRSreUirgd ﬁﬁu&l@s’ﬁ&he é Sh@fon/Tivh elbgande PRt ed
an inlet port such as port 216 or sanple_in]et 504
condfiig(e)ox|chmmelshete or suors prBRINaEhcRarearensdpraiering subiie lrge
f g4 path to
P artuﬁé dﬁ %Pﬁ%cf‘ﬂ:t ?éggl}{gtﬁ{?éﬁ gﬁlsﬁésﬂlj%g] ?t r%eﬂfolru pgtlltléfh Sd%o t hat
is possible to maintain high flow rate and process

[0062]ar gBuntherunflites tansexiepid acest e p@tﬁe or substantially entire width of a

wide fluid path to reduce flow resistance inside the fluid path, so that it is possible to

maintain high flow rate and process large volume of sample solution.

EXAMPLE

[0063] FIG. 6A is an image taken during an example procedure for detecting
florescent beads. The device used had three parallel weir-type filters as illustrated in
FIGs. 2A and 2B. The weir gaps were about 3-4 pm deep. The beads had diameters of 1,

4, 10 and 15 pm. The beads were injected into the conduits and flushed with water at a
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EXAMPLE [0063] FIG 6A is an inmage taken during an

exanpl e procedure for detecting florescent beads. The

devi ce used had three parallel weir-type filters as

wo 208ve3ateed in FI Gs. 2A and 2B. The weir gapBCHEGEI4/000339

about 3-4 pm deep. The beads had di aneters of 1, 4,

10 and 15 m The beads were injected into the conduits

and flushed with water at a 19 WO 2005/ 036167

PCT/ /.000339, flow rate o
ﬂ%r&rﬂf%%ﬁ@%&%ﬁpﬁ#‘@rm@&ﬁa%@%w 5 figmPsr thefgcations

of theW$eads. TRSmroschiR Hag a@@elea' aﬁrge -Edupled q@ﬁc&@tm dafelLd
char coupl ed devi ce é canera, a NOW HBOTM bul b,
100%35% pelpy anétaépmpmqt@ﬁlt@réﬁ Asghoymotha larger beadswees all

trap e‘i’lls It }’].!Sg &RQ{%E% ngt e g trlyﬁeaﬂﬁ*ﬁs&d thfog@ﬁv\}g iviFeér.s. A

serve at t ads pa sed tht ough t
similer test with aﬂe\tlm wiirs hbaut d dw 2 uen defep wlsiwes! sithidan tresiltt anlP 1 pom

owe I ar. sul t eads passed
b‘”‘“’ig %ﬁéﬁ"?ﬂ%@‘% @mgﬁ%elf“f?@r ?egﬁﬁg}ﬁref{@ggcf wer e trapped.
[0064] FIGS. 6B and 6C are inages taken in procedures
[0065H r r IRIGis OB arfdodC ale ireagdes tt(ken in procedu@k careied sut for detecting

micoghih SR ERvetAsp i Som g1 e e b biing Pt s e

the shﬁeﬁbﬁcdgraﬁués@ﬁﬁednﬁﬂﬁgﬁa@&sﬂa&@ﬁ%. Crypt ospori di um spp.
cells were roughly round- shaped havi ng di anmeters of

to0ef o) Cormspseariatipon. Biam TR R A et o 0
aboupmd @fdﬂ d’?d?dza@ﬁﬁ |%c]lsyvl?&§ réHehB Va PP, GFdut 8-198Lin length

fresh fixed Th 5% formalin at a concentration of

and abgwh e lﬁmnewwéweBﬁﬁhm‘féﬁf E@qu,om cel!p ousefesilydized gnafe
formBE:P&ilACdoﬂ&P{fEiU%‘ffﬁ filuior escent

nonocl ona ant |1 bodi es r spectlve y specific to the
pes of protozoan cells. The antibodies were

[0066bt aﬁﬁ@@gw predygingmpabers usadoverp inmpnofiuepeeopt mage@abT™
aniib B sebp RN RE I o P Oe oo clfte Yue fellpdics were,

obtaipdecfuqrh IV aterberié Bnceidt asall 10(DK, PREIGIoFF DRalfiluwerpelsome Kat
» flow rate about 20 pl/min. Next, about; 5 pl of the

n‘pi@l%l cﬁﬂz 10, 000
[005?% gete 9 f; he}’:‘!‘ﬁ'nﬁ go l‘I&ﬁ\ql%r&; ?ﬁ‘?g& 1ol ﬁ&g%g?[g of
phosﬂhla&-hi:@faradesahm (ﬂ@S)afomZ origuteyatiarflpey rafe dbaine’d(] ulmgnslﬁtm,t dbont
he 1l orgsce
5 ul AR P R abp e ogp 016000 Rl 2l s
dehvdr&bir?tti trl]la Chaadt/ers dﬂheuﬁhrn:g uging ¥i ki@ &y e At labellinasdoluaiod
contm%llfg thtta ﬂl?or‘c:asacg t—lal?e?lc(? annbodles was then pumped through the device at a
constant rate (about 20 pl/min) using a syringe pump to flush and push the targeted cells
toward the weirs. As the Iabelling solution was flown through the device and the filtering

- component, the fluorescent signals produced by the labelled probes were detected in real-

time, with the epiflsorescence microscope.

[0068] Asshown in FIG. 6B, with weir gaps 3 to 4 pm deep, few target cells sized 3
~ to 5 um were frapped but most cells sized 5 to 10 pm were trapped in front of the weirs.
As shown in FIG. 6C, whit weir gaps 1 to 2 um deep, almost all of the microbial cells
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toward the weirs. As the | abelling solution was flown
through the device and the filtering conponent, the
fluorescent signals produced by the | abelled probes
Werosdsewstted in real- tinme, with the epifl uoPEEE€IWOE000339
m croscope. [0068] As shown in FIG 6B, with weir gaps
3to 4 mdeep, fewtarget cells sized 3 to 5 pmwere
trapped but nost cells sized 5 to 10 mwere trapped in
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[0071]  FIG. 8 shows the signal intensity profiles as measured in the above tests. The
fluorescent signal profiles were taken along the conduit depth from bottom to top just
upstream of the weir, using a laser scanning confocal microscope. As can be seen, the
sigual strength from the trapped cells increased rapidly above about 35 pm. No or little
signal was detected within the dead zone, which is below about 20 um. Thus, most
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filtering configuration. Further, a dead zone in a
devi ce such as device 400 can be advantageous because
it forces the analyte to stay in a specific area.
POOPPAYO3PX6G. 8 shows the signal intensity prof PCESGHWE4/000339
measured in the above tests. The fluorescent signal
profiles were taken along the conduit depth from
bottomto top just upstreamof the weir, using a
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concentration, Again, for comparison, signals detected on glass slide with 1X labelling

solution concentration was also shown (open circle). As can be seen, 10X diluted

labelling solution produced the strongest signal (excluding the signal from glass slide)
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enough to not deformthe cells and pushes themthrough
the weirs. [0074] FIG 10 shows the tinme dependence of
signal to noise ratio (SIN) neasured under a constant
WO es®s7(20 | /mn) but different |abelling BOI/EG1004000339
concentrations, nanely 10X diluted (solid square),

| OOX diluted (solid circle), and 500X diluted (solid
triangle). The nunber before "X' refers to the volune
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i nvention. The invention, rather, is intended to
enconpass all such nodification within its scope, as
defined by the clainms. 23 WO 2005/ 036167
RO0&a5004/ 000339 What is clained is: 1. A nethed2004§/000339
detecting an anal yte, conprising: flowng a fluid
through a filter, said fluid carrying signal producing
menbers snaller in size than said anal yte and havi ng
affinity to specifically attach to said anal yte, said
fi.lter gdapted for trapping said analyte while

Whal|i§ g8 Hassage of unattached ones of said signal

produci n nhers; d sensi ng a signal produced by
1-0#@@?"41&&"’8@%% @ﬁgfegwprﬁ%uci ng nembers upstream

of said filter so as to detect said analyte trapped by

Bawidg hiffuicihrough a Titter, srid fluid catfryiog signal produging members smaller

conpri si n ssing.a.fl u-d I ' .
R depageRae Bd pfuig ORI bl QAR o8 Bl i i
Siesrpligtedor itpinpakidedalgfe viliiafoRingwhssagd of waitathed owisof
comprises flowng said fluid for a period of tine

said sigmak producingeAbers; 2P yi d sanpl e through said filter
to allow _accunmul ation of attaghed ones of said sigpal
ssRRR @ siapl Rendpesddy oge gemess of sl sighal produging memhersjipsiream
ot 3hifl FeARAs to fetect 1018 aRER}tE RADIRY by lsad Flrér. f ur t her

conprising screening sald fluid sanple before passing

id fluj I h h. sai i L&l
2 P b SR St B 4y S yose
Sl 6 teBad kfld amnlytd bentaimddiadaidfflutd aimplel, wherein said
anal yte conprises one or nore mcrobial cells. 6. The

t hod, o aiml, whereai ai ian j . ‘1
3. (etoctee] ot 3, SpetRahE foifl SR holiy fuia fid for o
ekion bfEhE kiter seldadsirg, fluid gmle throuph seldditter rallgwet i ¢
signal. 7. The ngt hod _of .cl ai mo(lg wherein said, anal Xt e
csRpRylatian of aftaghgd pnasof sid pigni profucing pembgrs sp a§ Iy yorease
q&@gﬁkgm@ﬁgﬁgggﬁﬂpne of said signal producing nenbers
conpriSes a | abel ed capture nol ecul e having an
affinity to specifically, capture, said tafget
4, kheanathad ofglaingduriier FeRg W@?%W,smaﬁ@i%m%‘?e&m
| bl Edi ARl YlploMh Gzt sRid T@r & 4536 Sdretdtué Bbjeéis in said fluid
adi oactive, fluorescent, colorinmetric, electric, or
rsagpletthas are larger than said analyte.

5. ‘The method of claim 1, wherein said analyte comprises one or more microbial cells.

6. The method of claim 1, wherein said signal is a radioactive, fluorescent,

chemiluminescent, colorimetric, electric, magnetic, or eleciromagnetic signal.

7. The method of claim 1, wherein said analyte comprises a target molecuie on a
surface of said analyte and each one of said signal producing members comprises a
labeled capture molecule having an affinity to specifically capture said target

molecule.

‘8. The method of claim 7, wherein said labeled capture molecule has a label which is

radioactive, fluorescent, colorimetric, electric, or magnetic.
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24 WD 2005/ 036167 PCT/ SG2004/ 000339 9. The net hod of
claim7, wherein said capture nolecule has an affinity
to be specifically conjugated, |inked, or bonded to
va doyasget nol ecul e. 10. The met hod of cl ai NnPET/8G2004/006339
wherei n said capture nol ecul e can bind selectively to
said target nolecule, either covalently or
non-coval ently. 11. The nmethod of claim 10, wherein
sai d capture nolecul e and said target nolecule are
9. Tt eveiher of G BThSE SR RTHE R PR Ao 52

r S[ge%mcgﬂy i é’éﬁg, 10i04, 0P beREd tPMidHathet Mbleb@k! ed

substrat’e enzyme.  12. The nethod of claim1,

wherein said signal producing nepbers conprise quantum
10y Fhemethod of @laxma% aharein saidepptorgmolegule gk bipd sclgctivelyitgpaid
' i.d. i Ihefsdet er m ni ng presence
ggﬂ"ﬁ*&%ﬂ"‘n e’oeflﬁjlglgci%gmgl?}% @i?]gﬁ cﬁ'ﬁ 'It'ﬁe nmet hod of claim1,
wherein said flow ng conprises flowng said fluid at a

11s Thesmeihod af ¢lgimcih whemin shidoaptuee moleaie andraidaigpigyolegule

claim1 erein i I [ rOVi .

PR PBYT e GUp IR, iich Bl funf LS Feil Byin gna
cavidin) depairsdh@bstiate adiedzfrd.t er conprises a fluid
condui t having contiguous first and second secti ons,

- LaSald first,. section having.a £ross-sect | .
123 et of ot GB2 e RO b pomerisg ypngem
t dod & gold sambphrieleond section having a cross-section
sufficiently large to all ow passage of said signa

oducj n ers but sufficiently.small to prevent
13 BfertchoiPor TR o Breaityek telesftd fmafis Ripralsnd REKR N or
Vet 6F saidi @alivie. ter 1s a weir-type filter or a
pillar-type ilter. 18. A device for detecting an

alyte, comprising:. a.hody having walls defini a

14 inleciod e i gsinsriodB e P ee B toe 18/

fshbdtitiallp bodstagP@évrthtai d anal yte in said fluid path
but all owm ng passage of signal producing nenbers

15,4 elnlle%:rlodl ol} cfalmg s \tv .%gmsa;zaiild%]t%ln Iasl gv?dcadnoql ahx%%/clrol}glid?cf: tfslévrl]clzet y
{

AT T 4 ¥

16. The method of claim 15, wherein said filter comprises 2 fluid conduit having

" contiguous first and second sections, said first section having a cross-section
sufficiently large to allow movement of said analyte therein, said second section
having a cross-section sufficiently large to allow passage of said signal producing

members but sufficiently small to prevent entrance of said analyte.

17. The method of claim 16, wherein said filter is a weir-type filter or a pillar-type
flter.

18. A device for detecting an analyte, comprising:

a body baving walls defining a fluid path;
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specifically attach to said analyte; said anal yte
trapped in said path by said filter; and at | east one
W&X 2085P3¥167%l | s al | owi ng transm ssion of a si gnaPCY/SG2004/000339
produced by said signal producing nenbers attached to
sai d anal yte such that said anal yte can be detected
by sensing said signal. 19. The device of claim 18,

e i Rping 550 Sval e 48 510 Boid PR OHPEPETEStags ofgl
eifdios i ep i gid; s R
Bl Gl pfhee BRI SRTRAL REPuRife 8y BRI MOETENS =

spegifadally sttachnasdidandlyrep, fl uorescent,
chem | um nescent, colorinmetric, electric, magnetic, or

eli8 ShAIPERAPFId if sfidpam by sidd fifldreaievi ce of claim 18,
wherein said filter conprises a fluid conduit having
Qﬂ@%ét gﬂé’ﬁissafd walls MOGiEeARMiRRM dfARSonaParotludeldbyisaid signal
section having a cross-section sufficiently large to
plodovingmeeberstattachedad shid apalytesucihdatsaid analyitel candesodedected
ecti pn @avi a cross-section sufficiently large to
PERIBALLaYE%0f sai d signal producing menbers but
sufficiently small to prevent entrance of said
19. Ehademice. of 2Bim TRewHercinciddfody| comprises 2 huse plaferandz tgpnsparent
filtey is a weir-type filter or a pillar-type filter.
WEI?%?'devi ce of claim22, wherein said analyte is
sel ected fromthe group of Cryptosporidi umspp. and
20. Thfdti oFRRim 18, witkreindeid aelyed corhpises dfe frundleenicrobial cells.
conprising one or nore coarse screens disposed

upstream of .said filter fqQr screenjng.ouf objects |
21. s dgioeto gieig 4B e eid ) A BURG Gl BFOREE m 18
@%ﬁgﬁ&}ﬂ%%gén‘? _ Joidr%ﬁétrib S1MtEc, Haghetit), B Abitbomaphedit SipRas
evVice tor detecting an analyte, conpriSing:

a body having walls defining a fluid path, a filter
22. Ther devicapfclaim 48, whereialsgideiliar cemprses|afivid gendyitdaying

| |.ow f .S | . '
g8 T 3he SPd o Suig AU R DG S0 1
saBRGédtiydalgt Yo @ldvaaldvémenaifdaidrahlytesthereins said egvord sgmivad
upstream of said filter in said fluid ‘1? th for

Hevingie aressowptiasyhicientydarsena Allaw passaghey il sig prducing
Ill%éérf Bit%u cieé@'y%xﬁ%ﬁltb ?ré%!eh%-tﬁﬂcé sEaRMnaRtON of a

SI ghal proauc by sal SI gha

23. The device of claim 22, wherein said filter is a weir-type filter or a pillar-type filter.

24. The device of claim 22, wherein said analyte is selected from the group of

- Cryptosporidium spp. and Giardia spp.

25. The device of claim 18 further comprising one or more coarse screens disposed

upstream of said filter for screening out objects larger than said analyte.

26. The device of claim 18 wherein said filter is one of a plurality of filters.
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produci ng nmenbers attached to said anal yte such that
said anal yte can be detected by sensing said signal.
2 8 The device of claim2 7, wherein said screen is a
first screen, and said device conprising a second

di d [gaLd first f
27 . R U5uer fy RRERE B EABRIRRE L, L Yy sai 0

second screen having a nesh size larger than the nesh

awbody lavingavallsidefigingadfiuid pathy 7

a filter for trapping said analyte in said fluid path but allowing passage of signal
producing members smaller in size than said analyte and having affinity fo
specifically atiach to said analyte;

a screen disposed upstream of said filter in said fluid path for blocking objects
Jarger than said analyte; and

at least one of said walls allowing transmission of a signal produced by said signal

producing members attached to said analyte such that said analyte can be detected

by sensing said signal.

. The device of claim 2 7, wherein said screen is a first screen, and said device

comprising a second screen disposed upstream of said first screen for blocking
objects larger than said analyte, said second screen having a mesh size larger than

the mesh size of said first screen.
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