WD 2011/ 123064PCT/ S&2011/ 000128 ASSAY FI ELD The present
invention relates to an assay apparatus, assay nethod, assay card and
an assay ¢a shigeiahdqol | er. BACKGROUND Assays arepgﬂgéﬂny§mgg
assays typically performa diagnostic test to provide an indication
of whether a particular target agent isipresent in a test sanple. The
conplexity and functionality.of these diagnostic devices varies

consi derably. For exanple, highly sopAgss{ycated di agnostic devices
are typically provided in |aboratories or hospitals for high- 10

t hr oughput, di agnostic testing but these are typically only used in
such envi® nts because of their relatively high maintenance cost
and conpl i cat eff¢ %E@txh%n&ﬁ ﬁ:ﬁg Y Gn assBEipafhR, Aﬁ @azlags%%ge and an
devi ces al so provi In a oratory orin a p yS|C|an's clinic,

whi ch r ecassayecatdygingralléty a bl ood or urine sanple taken fromthe
patient by a trained healthcare professional The rest of the

procedur egisk&igunNped- out automatically and the result of 15the

di agnostiT test 1s typically displayed on a liquid crystal display
(LCD) screen Qﬂissﬁ}ﬁ: awh&imeuﬂgiseayptypﬁﬁaHy perfdrier diskmosticcissthapevideiand or
i mobi |i se yophi lized,r i nsi.de. When a i t est

is mxed, ‘ﬁ%thné%d@ﬁ{he’f apgrd %f ﬁ%tcfge‘FtdS RiGTrat laﬁtaﬁa@ﬂé\ﬁ?@e °8Wf?ﬁg£?“d
of r eagenﬁlﬁctﬁ)hﬁhtp b WHeSteMaddshid @ vice @ Gdried BorsRRADRS. FOr exafiplel Bighly -
Typically, each of these reagents is individually provi ded into the

reaction @ﬁb}ﬁ*ﬂf@tedﬁa@ﬁatc dewiscy &a f@iredy proxidedin labryateries of hospitabdenhghct
orderiy . throu ﬁ% IBPASHE Rostif ?ﬁ%ﬂa‘%@%‘m cal§ oh Gl ﬁ%u&}?e:ﬂ'h%ﬁjﬁ@ﬁ& b Qu){se

sensor reage Rt to Hctive it-fromt torage “condi tion,
reagents crfalgmmlane@imihrg@dnmtemnn@lcqsbandmntpélsateéwt@nwcn@ke a
det ect abl e signal by, for exanple, optical or electrochem cal neans.

After the reacfyeRitre WoSEUNiBickBRAENEES al¥BYrd¥Rich) 01560169 oraSpiidicidnne
unbound reagents. Al so, sone substrate 25 reagents may be provided to

convert milnwlChyecgw ‘temiephiyla tlead g5 aiFine sampdetalien fror shepagiend by trained
cal | ed pq{eﬂfth&ﬁﬂ;ﬁ?fe?méfﬁ%e%Ybf‘tﬁépr%'c&ﬁl?e fs%%e@mva!u%a@wﬂ 0 RN of

due to thel , automati1 c sanple and reagent handling, rapid
resul t5 arttle ﬂmgnqm: resiain tpically display dvdamye liguideny gpll dispday(LEDY aq:rwn efgagpaper

that cont ng nnté}' @&QP&QLC%S g%r td?xeﬁ ﬁ:glﬂc?b"i‘@s%ﬁtoflg §1%H§e%rre %ﬁt BEIPWRS 2

channel . n e cart e nal ntenance si e and

easy. liquid test sample is mixed, the reagent is rehydrated. In some arrangements, a number of
reagents are provided in the reaction chamber or bottle. Typically, each of these reagents is
individually prdvided into the reaction chamber so that the reagents are introduced in the

20  correct order.

For example, a reageht may be required to pretreat any sensor reagent to active it from
the storage condition, while other reagents may be required to bind to the test sample to make
a detectable signal by, for example, optical or electrochemical means. After the reaction, -
washing reagents may be provided to wash out the unbound reagents. Also, some substrate

25  reagents may be provided to convert or amplify any signal further. These devices are

sometimes called point-of-care (POC) devices since they provide a handy means due to their
small size, automatic sample and reagent handling, rapid result and low maintenance cost.
Many have replaceable cartridges that contain all disposable parts like reagents, sensor and

sampling channel. Changing the cartridge makes the maintenance simple and easy.



WO 2011/ 123064PCT/ SG2011/ 000128 2 O her POC devi ces exi st such as the
cel l ul ose nenbrane based rapid lateral flowkit, often referred to as
a 'rapid it . The rapid test kit has been so suc it
has becon&ﬁghggk%g%to standard in the POC nmarket since9§@§é%é”%@§% of
t he desirable features of a nore conpl ex POC device-such as | ow cost,
di sposability, quick response and sinplicity. Q her devices

exi st for pr Ovétﬂéiﬁl)éﬂe\iif@%rﬁﬁ %ugfﬂ aPthe \(%lﬁltl&% mehbpaHetbad rdlid tAdrfeiow Kit,

agent, such as a chem ca ol ogi cal agent, Is present in a test
sanpl e suaftenasfemredvmtasra ‘spivpks kith The capidtastikitdias beenso shesassba thap it has

bi ol ogi cal sanpl.e. . Al t h .each of, thes ' ' | Ges
ot ovi Sles HrsR° B freiq endasdy MR FAUGRGestf s R Eo b E BORRE FallR 15°
Accor di nghyre commples POES ddvéud sich grlowicds, disposatlitpvickdggnesint cinddicitg.e
10or assay. SUMVARY According to a first aspect, there is
provided an a . L Sk NG: A5 : 1,5

subst (r:ggt e hav ﬁ?}g&a {%ggag{h& Z‘?\rﬁ@g%é élg {shlqglag&]r eagentcp ?E%g?@%ﬁ?*gﬁﬁeﬁ?g%n,
each conpiues ss dtlemiedgebidlogiesieapent] is posaitan atasgsanplessives awvatdr agmip At

and each gconpressi bl e, 15reagent reservoir being coupled with a
reaction %ﬂwe’é’ﬁéFgwlggtog%}’oiocgé‘iai%m???est sanpl e; and an assay card

controller conprising a conpression nechani sm operable to conpress
each of the coNprouglktishef thesgdirgnostissdevices provides mamskenefistheyseasl haveed
reagent to .be inj j.n . t.er .- ' -eact | . '
chanber 100 S ohfb s foRiRECEH TR (Ppole bk dBREH Mbvice
that & probksaam with rapid test kits is that although they are 20 very
sinple, they lack the ability to performsinple reagent delivery

whi ch mekgshegli fficult to provide a sinple device which is

sensitive and reproduci ble. The first aspect also recognises that _
al t hough ot heraARckRislersiads agpeah) tieerd i pgaided delassdg byparaus catprisiagibi Bssay
t hese devi%fs i s, that Eh%%iare coppl i cat ed th@?-nakes t hem
unnecess aerq SPTAN{SHISA SYBStraEf faping af {eagt O ERTIRrESSt Bl agHRbreReTy R iPEOR, each
their reldalirdssible readefi fesdiryols c_;cﬁ]’fh%ifég £4ss@tdieT eade Rt ALUNasIESorifadsible

al though the highly 25sophisticated devices provided in_|aboratorjes
enabl ¥ r egegent regrsviv baing caupled withe nsagiion ghasnbes Apgratde tarscvea t§st sample; and
mai nt ena ; 2 j . '

equi roe T hpy s PR S EpAFRE] ARSI iR CRICD Mlphidscach of
appar at usth¢ somppressitdettagamaséervoingtosausa sachassaiatedanatentto by injentel in a
controll e  ]J0e: 3338 15 %@%ﬁ&%ﬁ%ﬁ%ﬁo@*&i‘t‘@ﬁ“ '€t @iy have a
corrpress%?e, squeeza I8 Oor ‘squashabl'e reagent reservoir. .The
reagent reservoir_may contain an associated reagent and may be

coupl ed with alhedusgiarpast weoanisss thatmprollen withrapiditesh kifs is ot alshavgh treyrate
be plared, . JhgpidRes Phk AR08 R PS5 Ui ORBI4R detivery which makes it difficult

to provide a simple device which is sensitive and reproducible. The first aspect also recognises

that although other POC devices enable reagent delivery, a problem with these devices is that
they are complicated which makes them unnecessarily expensive, difficult to manufacture and
may affect their reliability. Similarly, the first aspect recognises that although the highly

25 sophisticated devices provided in laboratories enable reagent delivery, they are highly
expensive, have high maintenance costs, and have complex operatipg procedures which

requires highly skilled operators.

Accordingly, an assay apparatus is provided comprising an assay card and assay card
controller. The assay card may comprise a substrate and may have a compressible, squeezable
30  or squashable reagent reservoir. The reagent reservoir may contain an associated reagent and

may be coupled with a reaction or test chamber into which a test sample may be placed. The



3 assay card controller rmay conprise a conpression nmechani sm which
may conpress the reagent reservoir to cause the reagent contained
therein to be dIS aced therefromand provided to the re iL’ on
chanber t G h the test sanple. It will be apprEET"g AR
such an arrangenent provides conpressiopn of the reagent reservoir to
enabl e injection of reagent 5 liquid into the reaction chanmber in a
pre- programTe usin '
mechani sni > Fhis %Oln% ler T r%ﬁ% riied g°'§¢1§%b°§sﬁ%g%%§ﬁ% ?Jgg%@?dgﬁgﬂsg%&cur
whi ch ¢ anreb@nc&sﬁbuf ’ccyca(mﬂhd& tdaba corgaing] thexsmrrp be dlsblawddbatfrm dnd

reliable devic ichis as to o Il

and provi HELS agd tod @“;H%fengc w ?ré?)c;e?&w?‘b sfiagssagvle Rl e a@?%ﬁ?fh?é e
each of aarPirkiidrhdny ide® Bdthgressiod of th At rebe@ @ 6@hake | of 8f RAgen
10 a predeter mgéled Focetl on grl ong a predet errem ned act ugtn?egr: at h

al ong X heliquid o e rerction ghambey in sl PIOgramRedI BBV eRb BRI Aehrelipkle
assay Car%‘u%)/n SORGA ﬂn%ﬁﬂ% ﬁ'{?ﬁ '?Mt Erl?a‘lﬁleg?éé er réidIBR o BEcur which can
conpr essi bl e, Squeezable or s ab reagent . eserv0| rs. Each .of

t he reagelmtcarefsliy wtmﬂedmylmmakrﬂowmoatwdmlablediemegfewh ipgady toearierate
eservol IR SSOPARE 18 e ERSMIRD AL chshapaRREr 1o uhich 2
a conpressi on nechani sm which may conpress each of the reagent
reservoirs to lagneempedimeriaepshofa plyraliay w‘é@mprﬁéﬁlbieﬁe%gentaesemosrﬁ islegated at -
or der ] o 3 BRBNeHGbalohE s pRAFEH RARREE pUf BoB RIS el ao e,
enabl e onillpeednte t:@rnpmsmms@edism'r Tl assay card)nme¢ommmeas1d§geﬁatand mape
provi ded Wh' | %5m%gr0§ i btigl N ug)sh lege elﬂresrerIQ/r ffs. tEq g

r eagent t Bé pr ovi E a’nst fl ane Ir P wi

appr eci at xeﬁlgehh&tersuﬁimmoatairamgmrﬁtecmemgendﬁm @c}sequemt may be coupled with
conpression of the reagent. reservoirs to enahl e se nti al ecti,on
o T eagerterrtmioa L] SIRGUPHt LIk At BHAIRIER TPy Loy e o
NMBNNers UShicanptBE ¥ compRbForpmecHaismaliieh Say €8dprog aBCITaRd Bigend Reervoirs

| ocati on of each reservoir_on the assg#\‘(Is card may be carefully

det er ni nd@ cAwedherengents cop@ines therpan todePniasad date eeéwrv&%do fhs regedon
correct Oéh%beﬂﬂq ﬁde&ﬂﬁm@@&d@ﬁo kA Rith TGt SARGRIFR exmplé @ec}p@feé}mg

reservoir erm ned based on the know edge of | ocat i on of
t he act uamajowaphvma reagb 16 be providad pjortth enatiearprnegedgent tmbe n@mdg%wh@st

course, NGl-PRALAN fing SR FIFIY Blah ofiE%a 6 HARGRGR @gdﬁggs%ﬁgggy

particul ar "arrang conpression ne ‘
whi ch2a haslmubamomsﬂmﬂlrm'cabpmcmwdmtmysdchlahewangimeat pra\;adq:sracwqwbetialor a
si npl e, conveni ent g iable.arran

S btent | al SPEar oL B Sereet Ao i AROE TENea Pl bl BF Raby liguigs iptgthe

I n one enadioARAimbdr ea pRtptedramiep aiafindraising A&afy. snﬂﬁl&@ﬁdteﬂ%ly squefingl
very sinple conpression nechani sm which foll ows a I!ne ﬁl}o uati.o

path, themeshenisme L logation of gachaesepypiragihy sssxoaabesy g

order to ensure that each reagent is delivered in the correct order and at the correct time. The
25  location of the each reservoir may be determined based on the knowledge of the location of
the actuation path to be followed by the compression mechanism. Of course, the location of
-each reservoir may be dependent on the particular arrangement of the compression mechanism
and the path which that compression mechanism may follow. This may provide for a simple,
convenient and reliable arrangement which supports potentially complicated, multi-staged and

30 time-critical reactions.

In one embodiment, the actuation path is linear. Accordingly, for a very simple

compression mechanism which follows a linear actuation path, the each reservoir may be



pl aced at an appropriate location at different points along the

| ength of this |inear actuation path. I n one enbodi ment, the
actuati onyad i esh&nds along an axis of the assay cardpcfg&ah hdatdsy .
shoul d the conpressi on nechani sm be arranged to travel along a path
which is generally aligned with one of 4he axes of the assay card,
then each reservoir may be placed at a predeterm ned | ocation al ong
that axi spi@fedtahfh ApecpriakabshtibR acdifibieRt Johd albig the 1ehgihUuAtRsIhdar hdt@ation
correct sequence and at the correct tine. Al so, any edges of the
assay carkitwhi ch are aligned with that axis may be utilised to help
gui de the assay card when noving relative to the conpression

nmechani sm  1011R ofé emBodament B8 hetudtith padhasiendnalohpaads df3hd Beatdd. al ong:
the actuation_path and those of a plurality of conpressible reagent

reser voi racqontinglbrhpid thieompisgion meehanisrEbe asHpeIddA TaKE H588 28R BNENithis
act uaty onydaghlly afi ghel WHRIAE OF b GxdsQraRallas chrdl, Bich LAR rBerRRSAS Bl sked at
reagents prior’to those of the plurality of conpressible reagent

r eser voi rapredateriminbddpention alongthataxiy efthe asery w@rdivivnsure fatib isgichigied in thge
reaction ¢ typhcal I t f.urt t f .

151 cagen: CHARAPTRY g ol e, R58; 45 bl 1A s 3 pd LR 4B
act i vat edwily thahexi coapbesdiseditotethauidesths assay tard ben moaing ralgiveas thevoi r s
bei ng actuated in thg order which they lie along the actuation path
bet ween tHWEHTFEP MFEXPER reservoir and the reaction chamber

I n one enbodi nent, at |east two of reagent reservoirs are |ocated at
t he sdhe preddnensrembatiimen athe csacadnobgmberds leetedalpogtheacthatian rafhadsidghose
si mul t anegus i nj.ect.i.on 48SSOC] 0. 1 ' e i on
chanber . AATSAIRErORpE i AR E Sty B bEREFRLAS B SOR AERRRT
be provi dédmber dldrg thaaeuatios pathae: @impngsibleao andbltsinjeotiorpaitaksociatedrrelents 0
ensure that th are sybst.antially si.multaneously co ssed to .
ol ease (T (© bl dr REALTT cPapha e Spar Eeser s b dotest o i gpstion
i ncreasi rwhmwom&c@ainglggm& rQABSoNMaMBer Ay typlc &Iy IRAg A ISTurRdSt B®ay from that
requi red which cannot be stored in the sane reservoir. 25ln one

enbodimerfeageaier YL whigh iy Intepdattie be Hsrisst vueh ig aptaaind by terarmEelab| e
to recei VigednifisASHAE RT&HaihHE8 9&Bivoird Béind SRAGEM in IR dGWHIAH thePhe HE:Y%(!% -
conposed of a thin plastic bag filled wth reagent |iquid. The sac
may be r gstuatienipasly betweepihe Sist reagend respgir apg therrerstippEhagberpvenent . The
ruptured sack may then release the reagent liquid into the reservoir.
The sack may gh$fe ahBodiment] AMQEL @RBLf kAt rddebRt 86lidagdbbee saagent
liquid fromdegradati gn due to 30 the Egesence of humdity, o§ygen
associated

and/ or | i Rjfdetermiged Jeprtion slongthpegtnalionpaty o geapipsimultancous Injetinged
enbodjgre %a%_?hﬁﬁnt[) ARAeMioft %Héﬁnlfé?.rm{cbﬁﬁ%ﬁ nsor&Hak EndRbatatelr@dent reservoirs
protrusion having a seal ed pol ynmer backing. _I'n_one enbodi nent,.
t he assaymaabaprovdgdt atdlessamg digance alohafisactuatinarpa ia ordsr teeensingdhas sthey 95
fr om t he s\%ﬁﬁ%&laﬁg sm&){lsly %81%8&%894 lealt t‘ﬂ@iﬁe@pe%ﬂ%%ciﬂ@ﬁ' reggents. This
provi ded I C y

helps to support increasingly complex reactions where multiple reagents may be required

which cannot be stored in the same reservoir.

25 In one embodiment, each reservoir chamber comprises a reagent srack operable to
‘receive the associated reagent. The reagent sack or balloon may be composed of a thin plastic
bag filled with reagent liquid. The sack may be ruptured by the preésure derived from the
roller movement. The ruptured sack may then release the reagent liquid into the reservoir. The
sack may also play an important role in protecting the reagent liquid from degradation due to

30 the presence of humidity, oxygen and/or light.



recei ve excess fluid displaced fromthe reacti on chanber. Such excess
fluid may typically occur as a result of the actuation of each
reservoir of the waste chanber may readily b

based on F%eﬂgygg&ﬁf the reagent reservoirs and the reggﬁﬁgﬁgbﬂhﬁ%er
to ensure that no fluids are inadvertenily emtted by the assay card
during operation. In one enbodi ment, the waste chanber conprises:
material oper dhloge tmbodiment/tht Rgdld seckwesprislactintied gicya] foibprotrusion iiming
be provided fa Ftal gFFess fluid within the waste chanber and
reduce t hESPIREPYAG 8t hese reagents inadvertently re-entering the
reacti on chanmber. Al so, the provision of the material helps to retain
t he excess i n Ihlee eubodimedt, thhessaypdrd cemprises: raezvam?mbamqbemablepm weeime
spi | | age | n one.enbodi,nen t he a ard c

Pl et Dor PRSPl R Fm PR AP O g B b AR E FIATAr TGP G P e which may
recei e thecitesicess M dspldet Glod tﬂ@ifeﬁctldnhﬂhmmﬁéreSucmcﬁkéesﬁﬁmdbﬂayaf{plaaﬂ@ed

to receive the test sanple to be conveyed to the reactlo chanber .
In one en¥5SH %@ﬁ?sulttqﬁgq agfuationefrsach wwserolr- dibe ize pfithe wiapte ﬁﬁaw mjay regdily

port, the,dagiaamR@ dmb{e Qﬁ‘e 6ﬁﬁ@feﬂ§‘éﬁt WsdrDbits 4 GheA aRin SRiTSbeR iflershie
|nadvertent rel ease of fluid urlng processing of the assay card may
X

be preverthetdio frpdsrareinadvertbely enaifted by e assen caiB deringPReratiohr t conpri ses
an adhesive operable to seal the inlet port when conpressed.

Accordingly, tihend ehBidimedt) theysth Chanehat eshpriies ugterial Bkl COTRRRSAE ON.
I n one enmbodi nent, the assgi card conprises a vacuum devi ce operabl e

Lo goiler dpiEess MSQLITERS TerEL Ba e Proviisd FTetin pisees T wilindie Weas oMb

the test samphee th'é'@ﬂ&EﬁooéBYthE&é&'e&heﬁé RIS SRS Y- biRerilpOthé RL&fonRARGLbARY
be drawn into the assay card through negative pressure generated by

t he vacuuMseldli prevision of the matesisbhelpiiodetamiibe exchss iy the gvent @ethie cepture of the
conpri ses,g ‘ﬁﬁhbbﬁﬂ%ﬁ%ﬁﬁﬁgpreSSIble reservoir in fluid comunication.

with the 1Tnfet t he vacuum devi ce may conprise a
reservoir or chanber whi ch may be expanded and contracted to change
its vol une t o lyepesabedinentbe ?%éph?%ﬁowgai jap anlpfnogcqrRled with thegegcyon

and rgf ai dﬂaﬂ‘lbﬁ' anll Bb&able Meg@\%‘-ﬂlé @%ﬁ%@h@@@é&t’y 00448 Brt may be alnranéEae

enbodi nment, the resiliently conpressible reservoir conprises a
r ef or ni ngo drsvive dhegps sarmple fo Yestonywied i e Aselemhombet t he resiliently
conpressi bl e chanber, to assist deconpression of the resiliently

conpressi bl e ngsgd M’ﬁ’tbd’dameﬁﬁ Ché Thtdd @by is sdalable UBY staRngd Y i) ppftOME eb8tsample
Wi thin the chanber to help re-expand the chanber towards its origina

conf i gur dR3YoRe retained withi the asse s ppActhe magdyratepielsass o dluiksiring processing of

CoNpri seshaSPPNSEMAPEE pRRVEdP receive the test sanple. Hence, the
reform ng devi'‘ce may’ be a sponge which helps to re-inflate the

cha r and retain th e onge
e oy | bk Crimain e b sce B e AL e Y soREisss Shadhi ohgionie 1§ Ral e
sarrpl e MaylebporPWRen dogpr@stdMAtEbrdinglo ABe MietpoitPhaytiR sbAE@rddER Yings t o

t he
compression.

In one embodiment, the assay card comprises a vacuum device operable to generate a
negative pressure at the inlet port to assist receiving the test sample. Hence, any fluid
25  presented to the inlet port may be drawn into the assay card through negative pressure

generated by the vacuum device.

In one embodiment, the vacuum device comprises a resiliently compressible reservoir
in fluid communication with the inlet port. Hence, the vacuum device may comprise a
reservoir or chamber which may be expanded and contracted to change its volume to generate

30 the required negative pressure to draw in and retain the fluid.



10 reaction chanber. Such a pre-treatnent reagent may conprise, for
exanpl e, an anti-coagul ant when testing bl ood sanples. I n one
enbodi nmen iliently conpressible reservoir is

conmuni cah%%ﬂg(nl{sﬁét he reacti on chanmber. Hence, the teis)?T/Ebwlﬂmmus

be provided to the reaction chanber frognthe reservoir. This may
occur follow ng sealing of the inlet, upon further conpression of
15the resiliengloye Eﬂ‘lﬂ&flﬁx@lgl ik SesiIRRAY Y@hpressible reser{r(ﬂr Qoo RBDO LSRN 2

the resilientl’y conpressible reservoir is in fl cormuni cati on vvlth
t he react detymecolparnbler follpwingtcompepstionefche @a@emtty qoatpaﬁssvbl@ ohpmpgrptogassist
Substrate %5 ver
one or mofes RS & HerestEndy R ARl GelRe R RRERRS, § dhRHALHAY nECET
to ther e;actritiexhwﬁlmartﬂmeaimmﬂ:‘»uab helpagenpaad ﬂmchambq:rrtowadmts:m‘gmai lconfiguration.
reagent. 20In one enbodi ment, the assay card conprises a flow

prevend er Operlﬁgkngeﬁlgoﬁﬁlaﬁc%hYﬁbﬁfmﬁ%gémé’co ﬁ?éé%l goﬁéé%’pEﬁﬁEttb fldeive the
chanber from at [east one e conpressible rea eservolrs and
t he resi Iucﬁmmhplecﬁﬂpc,ethsrdﬁbreummm@nay beAcpongiwhi¢thhelps t6 Foinflptedhent er
may be provided t.o de- he.inlet and resiliently conpressible
reservoi r%ﬁng?ﬁ E{nﬁéet?'gé & glp?eh 1erf?\élSay card during, for exanple,

initial loading of the test sanple. This helps to create the required
25pr essur e di flheneembedimeny, the spdnige seraprissaieti lerst erfe reagent Tegined thepie
and/or to € in
he. car d. ARORKEY. AbrRERR bopeSRaBU KT M o R bGREHO IS DS 1,
f1ui dily ceegpioe chimeber dhch Rpre- ummﬂeagemthnmnmlsd dasxamwple, amfannmagulant
corrpre55| bf1 . Set\agg’a, res rv0| rs and the resiliently conpressible
reser voi r VS FHEY rs%?}%ﬁst er may be renpved once, for exanple, the
inlet port WO 2011/123064PCT/ S&2011/000128 7 has been sealed to _
enabl e the sarfproee emboshiment; he sHisnthpegrerressible weerepisisgn Beid gopmunication
conpr essi 4 Bhal2BE
embodi morfit s sbifiod ARltkE Mende, SRR E5uPhity BERRIRA fo th peaptor il

m crof | UI friors tlmhasmenhr ?.Fhla}nhaymgcurrfellcrveagwabng cftherindat, wpioh Hurthee carhpresagtof
one of r§ ﬁprtzysm bl £.h88 ee%oul: eservoirs and the resiliently
conpressm P &S Eer ST eo T8 ng the m crofl uidic channel s may
effectively bl ock those channels I n_one enbodi nent, the assay
card control | érl oheembastimpitethe eesilienteermpressibla resaivair is i Buid gpmmasicaten
mechani :Ser(?l'p %a%ﬁ&ﬂ aﬁm%tar élg?ﬂbﬂ:&s?ﬁﬁeorreg%ﬂplte%n RGEHA] 4k éfe A&S%imgly, the
processi ng o € assay car contro

pr event eotesl ;sampld etagde lpesseabfhrcwgh ok beaw oh® opmercaergents re‘talmdjmthln @ sphsératent

damage to 6 assa the assa

conpri ses” fnéa% V"ge?]d Oﬁl?e IF %(%PBI @‘? chg;ﬁﬂeeiag%nﬁserp%)g? rX‘f”osgg SB%‘F"‘ r‘flaﬁent
inlet port with the reaction chanber. The provision of the

m cr o3 ui di ¢ In one embodiment, the assay card comprises a flow preventer operable to selectlvely

fluidly decouple the reaction chamber from at least one of the compressible reagent reservoirs
and the resiliently compressible reservoir. Accordingly, a flow preventer may be provided to
de-couple the inlet and resiliently compressible reservoir from the rest of the assay card -
during, for example, initial loading of the test sample. This helps to create the required

25 - pressure differential to facilitate loading of the test sample and/or to prevent any uncontrolled

mixing with other reagents within the card.

In one embodiment, the flow preventer is removable to fluidly couple the reaction
chamber with the at least one of the compressible reagent reservoirs and the resiliently

compressible reservoir. The flow preventer may be removed once, for example, the inlet port



channel may conveniently enable the test sanple to be conveyed to the
reacti on chanmber under, for exanple, capillary action. 15In one

enmbodi mngwoaﬁglﬂ%§€4ay card conprises: a plurality, of Fb‘féﬁﬁdl%lﬂil%l .

channel s opera o couple at each of the plurality of conpressi
reagent reservoirs with the reaction chanber. The provision of

m crof | ui di c ‘channel s between each of the reservoirs and the reaction
chanber nhas Heed sealed tovémablE thesadipye torpashue bihenparf3of ticxdsig card oheddPrdssion of
prior to &Pge ﬂss card ing used. Al so, the use of mcrofluidic
channel s WaYESHEPDY YT TY Se¥He 20 anount of reagent which needs to
be provided since very little volune is wasted in these channels and
may maxi m se tlhene amboditnemhibe floanyreveare Bripetableitt p@npress at fehst chéie

reaction chanber.. In.o enbodi ment, the mcrofl uidic channe
o sel oIS Ryl shinash coPi e ARG RIS ATh B & LR ey ppasion
seal eds SuegensRAdrv6it dMYh@SilEntBTompiesible resefvof OCOMMBR S th iR Er
or operataqr, or as a-result of conpression performed by the assay

card cont#Bpnedymay effsctively blogk fhospehagpglt-eci at ed-t hat such seal i ng can
assist in preventing back flowto areas of the card which have been
enpti ed such daoné ehbakmeft e agsaptird dortedler ¥ @pérable kdpreviat tbidh FEMHe,

the mcrofluidic chapnels ¢ ri se_adhesi ve on seal abl ortions.
Accor di ngfPPTERIRE SO BT £F CHE ! BE BT WOt O a, RETecer e g
the m cr ot bdsah Eard By efeane|card HhRA ek KRy Bk prRbAtbd Ghon deReiidtedf thendhen
conpressed, opposing sides of the channel WO

2011/ M2 3088Y80YF Sdarte orytPslamapslp thassatw@fdhed in a conpressed state
by the adhesive, thereby sealing the mcrofluidic channel. In

one enbodi nentln ohdemb@KnEntpthe assayreed canpives:2e kastane inddbdtiochamer abl e

to provide an. indication of a presence of a target agent withi,n the
ost sanpinE bt GPER eyStnnE WEEBE oHie Shuhter e e of B HEETRY

an i ndi cagh@findPfridy csthvagicAtDY chaBRitERe i QBmPk t4 BERRBRANG BeGéacBoPBMahitet!! ar
agent within the test sanple. Such an indicator will typically be

desi gned Y§elEreywpRle: Wpidlaggacomny detector to be utilised. In
one enbodi nent, the indicator conprises: a w ndow through which the
presersce of tHeochasgeddiagenthe aRyy bed dahgristed.plublit) of itcreNiiaidichRiikis

O Ble 1 AR &t 2ach o Ihe Tlarality o 2ommpesssible rengent 2eseoirs ith e reaction
of the t APGEPIARERP plurality of compressible reag e reaction
chamber. The provision of microfluidic channels between each of the reservoirs and the
reaction chamber may help to minimise any inadvertent premixing or reagents prior to the
assay card being used. Also, the use of microfluidic channels may help to minimise the
20  amount of reagent which needs to be provided since very little volume is wasted in these
channels and may maximise the rate at which any reagent is injected into the reaction

chamber.

In one embodiment, the microfluidic channels are selectively sealable. Hence, the °

microfluidic channels may be sealed. Such sealing may occur as a result of compression by a

25  .user or operator, or as a result of compression performed by the assay card controller itself. It
will be appreciated that such sealing can assist in preventing back flow to areas of the card

which have been emptied such as, for example, emptied reservoirs.

In one embodiment, the microfluidic channels comprise adhesive on sealable portions.
Accordingly, adhesive portions may be provided between sheets forming the microfluidic

30  channels. When the microfluidic channel is then compressed, opposing sides of the channel



I n one enbodi nent, the indicator conprises: an el ectrochem cal
detector operable to electrochemcally detect the presence of the

t ar get ag%ﬂszlbmgmglectrochenical det ect or bei ng COUDlﬁénﬁkﬁﬁ/&mns
metallic couﬁﬁlng ormed on the assay card to provide an e ec%rlcal
connection 15between the el ectrochem cag detector and the assay card
controll er. Hence, an appropriate el ectrochenical detector may be
provi ded @B, bORIARIAY a cohPreRd saRUR! tRadMedile, ?ﬁb@eﬁ%@ﬁﬂlg@lﬁrﬂicroﬂuidic'
controller.” I'n one enbodi hent, the reaction chanber conprises: a

pr edet er n¢hapeely eagent . Accordingly, the reaction chamber may be
preconfigured to contain'a particular reagent to be 20utilised to

detect the prepeneempbdikbs:, thak@etiorpdRiber ddniphiSest &indRa@Pbgorablétioprovide -
ensures the reagent is already present within the reactign chanber

and r educasindigationed@ presensed p s agwd withindhe testesampler Ascordinglyi thg reapign
reageny . o SR FHH BN ndich3e pRY Thdieioh 6RHE Preskitte of
provi ded %ﬁngﬁgg%?ateomﬁt ﬁnﬂ?ﬂe }eacFion cha er;'gccordﬁﬁglyfotﬁe
reagent npaytidndarpgoy mddih the teli samples Syt andndicagort wiilliy pieedly 26 designadde be
chanmber in order to retain the r nt within the reaction chanber
during tm?“ﬁﬁﬁ@EFP@HmﬁﬂgﬁgﬁE?%?éﬁggﬁhs during the processing of the
assay card. I n one enbodi ment, the assay card is extruded and

t her mof or med Viitohe embodimgnigthe indjcatan gampriges Gr windew yhroughevhiels g peesenge of
my be maput &H@%@nﬁ%%@h&n&&i”g extrusion techni ques. This - '
arrangenment provrdes an assay card having no noving parts as such

whi ch reduces its 30conplexity . a d_igproves reliabiljt

Y. Iyd WO
2011/ 13064 PCTN Stp IR GHeRLpife syindow is tppspareat 10 spd eRifsa! defagtionafthe

card corrplgrg§g§éofah@{a}%ea£'cw of sheets arranged to forma |amnate, at
| east one of the sheets being a thernoplastic having the plurality of

conpressi bl e reagent, reservoirs he ‘reaction,chanber and the '
i crof hui di ¢ ORAEPeoRE I sl fomPE T Al PeRlgyo
be provi daettiobhenficdlggRtdithe bREdACE BEha &gt ag@t dhe édrodfentiba dsleeet beifg
may be a thernoplastic having the shape of a portion of the i
r eser voi rouBed b ametallis connting fumsd aw the astsy sad 1o REoVEiesn efFﬁBICE]aHOPV?C“OH

the coyl Glgedn@RECINQIobBerMbS de%'e%pmdtthébs%a}g&g@ BGltR1IER Yehdsh §rdppfatred

by attaching a further sheet to the extruded thernoplastic sheet.

I n one endendiopkamical dplectgsmay beprodidednpihie sesay gard and povpled| vethethe assay card
provi ded %ﬂnQﬂ%iOf the sheets operable to heat the assay card.
Accordi ngly, the assay card nay conprise at |east one 10 heating

el enment provided on at | east one of the sheets. The heating el enent
may be used t dnRE&EMbeEMendsthy reagiion @ngﬁfrCiOWﬁléqsf hEredepmiped 15Rgenthay

it will bg.RRRAASI AL RActdihahhe ntReRPrbnfi8RE toRBFaiBYpaRful k@bt be
controlled. In-particular, the spéed of reactions na¥ be increased.
20 utilised to detect the presence of the target agent in the test sample. This ensures the reagent is
already present within the reaction chamber and reduces the need to provide a separate

reservoir containing that reagent.

In one embodiment, the predetermined reagent is provided on substrate within the
reaction chamber. Accordingly, the reagent may be provided within a substrate within the
25  reaction chamber in order to retain the reagent within the reaction chamber during the

injection of other reagents during the processing of the assay card.

In one embodiment, the assay card is extruded and thermoformed with the aid of a
vacuum. Accordingly, the assay card may be manufactured simply using extrusion techniques.
This arrangement provides an assay card having no moving parts as such which reduces its

30 complexity and improves reliability.



I n one enbodi nent, the heating el ement conprises an electri cal

heati ng el enent and the assay apparatus conprises electrical contacts
oper abl e ,ne heating element. 15 Accordingly, ard
may be heat eﬁﬁpﬁr tfectrl cal heating. The heating el eneﬁ%"}ﬂrg}g%ﬁg@blﬁ
arranged on the assay card such that thg heating el ement only coupl es
vvith the electrical contacts at a predetennined tinme in order to
perform heating oﬁabﬁabMElemrﬁgqssraﬁ@ard%ﬁ]F Rl Pleadiy drifechedahfd to forma -
el enent may be in contact with e el ectrical connectors and power
only proviatirdte, at ledseord efche sheels beloa nderperasic hpyisg thealyralits @f eqmgrgssible

whi ch may

ot oct or areapenERSALIE A Eibh QRSP dddhe BhAOIRIc SRBRER KM LA,
assay appamaihes of sheets mdyrbeanmmmdb?dﬂcmgethertfbm ths amy epp D&t afghe sheets
conprises a fhernoneter. era |l e, to contr.ol heatin | enent . ..
ot eV b erste 3ahg e Shar oL RBLH Bp of BE reRgbrf it G G Rhuidi

t her nohet @lankekyfoRfeddthenéind @ ﬁpM&llyQ thedeinpRtesre i and hﬁtﬂ'oﬂﬁ&ﬁ)ﬁhﬁ&éﬁ s
reached a particular 25 tenperature. Pomrxgﬂgé% m)ved from

the heat i e bs foped bywitashing g futher shegt adbe aﬁté%s glen

reached. The thernoneter may only nonitor portions of the assay card
such as the rdaoht enbalimeixcthe hesap esrdcompriseat he:mnghmehhlﬁowdedmamtfyhe

card tenperature. Furthernore, adte sed in detectin ons
R he r ST ORPrAIERIISR: (g°Sa S0 A SRS PR eyPaptise S east SRE
Convef(sel peatihd ey &h 20 RYstdae Bf @Y kiR, Dit Eeﬁﬁng’:@érﬂ&nt@ﬁydae usdio
2011/ 123064PCT/ SG2011/ 000128 10 I n one epbodi nent, the assay

card conplieatibe assancqrd ar Bertiens theyeefaln isvy pit 9 Beanpreciaied balithesperd Ofat

| east onecafioROid bQE‘arbﬂﬁfl? EoRidea Iﬁﬁa&e@@ﬂ mlspéed%weahmlsdl%%tm&&sed
zone, and timng information detailing amounts of tine to walt

bet ween conpressi on of .the reservoi n one assa

card compr i Sed o8° PRErdimstisiF B2 eenh et Res T AEE s G AR,

pluralit Ythghﬁéﬁﬁlifﬁ#a@!s%oﬁﬁﬁ@é%@l&trﬁﬁ%&dtsWFélﬁblatcpﬂJdWeahhethéamig element.

reservoirs, the fluid absorber havmg[i 1f Ui d absorption raie whi ch
Yy

i s hi GherA¢aerdingly.rthe assa cafdhman be heated tyselectiival heating. bgbheaiine slement may be

of reservaihsed on the asshy' 28 %&m%&%ﬁﬁn% élé}ﬁexﬁ ofR rc%aﬂemmﬁ RERirRAD
conprises: a roller operable to nove relative to the assay card,

al ong t hecoatrrigat # mdgamnnedetlm@m asdergie Wfqi@&eatn}gamﬂy whensiepyired.
conveni en}d’terqu%\ﬁeﬁvl h%tﬁl Ati ﬁ%ﬁien%nml b COARE S @'é eﬁ:gmeﬁl girlé&ﬂ)rg 5@ | powver,

reservoirs rectio travel e rol
t he act uadnlppropaiedhto the elmthbaltaenmqoprseai ipeedetetrhiaed emboehicke nag bndytermened

Pt QU 1A iy A st B Plelilq SR etk R B TRL L ERY e dey

moved, oOrcapd wihihitRedsiyrapphratuot h. As the roller noves relative to the
assay card, the reservoirs it travels over nmay be conpressed and the

15contents thepgpn e;%i:&ﬁllng& the ¢ assay F*ﬂ&ra%%ogﬁhg% AT onde e oﬁé??iﬂé %50%51991

mechani sm conpri ses: ers o e to recelv e assa
card t herthbbtateg laIemedt ambelvah) bmdetarrmw:hassze'i catd temperotutd e\ca&dmglycar d,

poss bl o PamPTE oT e gRa P AR e ey e S Rt

cont rod | afeinbérhidir@ PeweEhbypideh bé denfived RemNB/IRETRY clomentvehed a paddetermined
-temperature has been reached. The thermometer may only monitor portions of the assay card
such as the reaction chamber temperature rather than the whole assay card temperatute.
Furthermore, a detector used in detecting reactions in the reaction chamber may also be used

as a thermometer. Conversely, the thermometer may be provided on the assay card.



20card relative to the rollers and to control the force applied
during conpression of the reservoirs. In one enbodi nent, the

conpr essi %%Bﬁﬁﬁsﬁ“sm conprising: a secondary roller 019@15 ogﬂ(}g&zgmve
a

relative to | er to conpress predeterm ned areas ssay
card. Accordingly, rather than providing a, single roller,
secondary roller may al so be provided. 25The two rollers may both

t hen be .used t i: Y, Lo TN BT ] _ s - ETo
channels  n orJee pROGEE AN ERTLEREY AnTTIART SPhEbie s Horee an
pr ocessi nigdioftianitd abless pneelrmbsition orereratipm ofneesrenits and thesketeatidrezone, and

m Xi ng,. and. k £l of 11 ui : i .
R T L e

the spatial arrangenent of the reservoirs and the mcrofluidic .
channel s on t Haoasembodiment, thapssay edrd eemprisas; alflwidabsorberayidedat aljwigions

or different.ler . 3 Lveaqly

over | aSLpi oﬁ{g} P lwgﬂg??ggbéﬁé@%@ﬁﬁgé%%hﬁ%%(%g#g%dsls gl? ﬂtu deabggrg eary
card. Furhadvigrafiud alsamqition cdt¢ whichishiglenfian s eate aewlnich flwides suppliédnfgom the
portions r]avi.{}%) one or rmore apertures therebetween which fail to
contact VPR VRETHEYR card. In one enbodiment, -the secondary rol |l er
conprises a pair of rollers. In one enbodinent, the assay card

conpri ses ni crlophetdbadimentrthe Fenpressiondnqchanisie copprisgEad T operable damoyy

enabl e se i i - 1M fd Lindi @y;%!'ém ' '
m cr of | uiljaﬁgg‘%:tf\églﬁ%e; 5 %cfi ag’gg Q{Eratéﬁg%‘g] W&#@g}aﬁ Pﬁ? 0 areas la\ﬁﬁ{&gﬁvm}&ﬁ
i nt er Kectrelitjdartdrimpla niechdnisnhfor cahpressingttbe enabdics. $heé mbmilededisetion ofy of
t hose m crof) ui di c..channel s, I n _one enmhodi nent. .t he conpression
monant st EUE BRI, e agpidd bty IR ARER N e FmBBITRIGHS Haf
Accor di ndieypro@éaris whish theralieombesgwitietheassay tive rémdihiag Statiq oenhereehd hat
they 10 arg sinultaneously activated and to ensure a _fixe

ol At ondhl THEERS SRV HE HeSst i BIAVHL of ASBRPGRE oply As s i,

the gear s;mpRY rdditéit6l redsdald ichrd! the BRaivoiiit hrtvdlPovRPNfY Be EdidpredsbaridvBe
rollers operate at. the sane speed of rotation to avoid any slippage

on the asaignisdhegein ejected. | n one enbodi ment, the assay card controiler
conprises: 'a controller operable to vary speed of .novenent the :
conpr essi on a6 banembodithanght bam@edsicatrha@harpsah bompisearadiair@lf yolletshopedable

speed of the relative notjon of the, conpression chani sm and ass

Chrd may BECGRFIBATE BT Do EvraR0 POTREF IRRoBr O PES PaayERDscard plobe

Wil be appseedtidhpstht BRprovidifg Spaddfeslierd, WmBXRTREEble EESH 1O hdsay E0d be

| ocated at fixed positions and the speed of the _conpression nmechani sm

vari ed between each roller to improve the controllability and reliability of the movement of the assay
20 card relative to the rollers and to control the force applied during compression of the

reservoirs.

In one embodiment, the compression mechanism comprising: a secondary roller
operable to move relative to the roller to compress predetermined areas of the assay card.
Accordingly, rather than providing a single roller, a secondary roller may also be provided.

25  The two rollers may both then be used to selectively compress reservoirs and microfluidic
Achannels in order to decouple reservoirs from each other during the processing of the assay
card in order to prevent undesirable premixing and back flow of fluid around the card. It will
be appreciated that the exact arrangement of the rollers will depend on the spatial arrangement
of the reservoirs and the microfluidic channels on the assay card. The rollers may have

30  identical lengths or different lengths and may compress mutually exclusive or overlapping



whi ch provides for a nore conpact assay card than woul d be possible
if the conpression nmechani smwas noved at a constant speed at the

| ocati ons servoirs needed to be 20 varied to

correct aﬁﬁi(ﬁn%?&ﬁlne bet ween delivery of the dlffereﬁ $é§ggﬂ@us
one enbodi ment, the speed controller igjoperable to-change dlrectlon
of nmovenent of the conpression nechanisn1the al ong the actuation
path. Accql ﬁ&h@&x{ the astsfﬁfczgﬂ "FfthbHorQ ead YRRy r;?@o&'@@%@rdll%g%(ﬁlﬁns e
that, for xanp y an tnitial portion of a reagent is delivered

due to a lmmggmelonrrmermﬂu@mt}mfebcmemh@h@ktoaantﬂﬁwlﬁubhaam ¢aydr y
whi ch causes 25sone of the reagent to remain in the reservoir.

Simlarly, a qhangembédifeAtetht sQRdndRY rdlef bdmpiseed pAlebfirsRdry. of a
reagent to extend the tine until another reagent is delivered.

Li kewi se, such chan n di rection enabl e t initia si on
Lo oetor at o nene BiRodiedh ¥ e’ Rar BomRaes misroBfdisth Bl sf T o3Re | ho
conpr ess l dd@ el a5dis @\eblerselattive@bmpieadién SFThPMEdrélidic CRMMEIDSHENSP, the
di fferent edges of the assay card. WO 2011/12306@gCT/86201 / 000128

12 I'n onem igghannels may e angnesp i enddnto Greas hich Miprsee dath therathplor
oper abl e lthQr(ﬁFe}sQSten@tf‘e senad Mlxﬁ@&ﬂ%%ﬂbﬁﬂ@i\ﬂié&%&% the assay card

to produce at | east one control signal to be prOV|ded to the
i ndexi ng nechani sm ma OVId

troll di
nssay card whilGR™e b B ettt BB e TreAaRoR SpBatse: s PHaRE S Pt

control sghepak of MAES. AQRRIIRUIE glars m?&@govﬁ@qmameammwldamowHWh drdthay
different | ocations on the assay card to_provide control signals at

di f f ebknt are pigpdtapgepsl ﬁ@ctmagé@gg fRISHE aifizgd (fé@t@nshjp betwegtthg gotation of the two
enbodi e rlltollerrs heyrieReRpie ARt %é%}sorﬁa)) oPiREkL AnSy Eéhr dafoas %nﬁirepﬂhh'lr 1A h{ld/roﬁérs

i ndexi ng nechani sms provi e assay card to produce a plurality
of cont r otpesitetdhssams specdmf satptinadoaroid ey 8ipageoin the assceasd.di ngl y,
each indexi ng nechani sm may generate one a plurality of 10different

control signalig.ond Babbdisiex e aftes baa bsﬁﬁdmevcommm g cehtfdiler eptkabiontvas
signals at different tinmes to cause_the assa a@ratus to perform

di f f er ent sPeesRignovEEeBY e pRNpressinfIRgehaRsm alopg tioppathh s edinghivihs
at di {ﬁ‘ erg,@éd $ﬂtﬂs&1ﬂe9%qmm@ cs.hﬁregs@dma!haﬁgrgaaa A Aa§¥e vfr% to

exanpl e control si gna gener ated when the card has reached
a cert ai rsudhaweactiondimes of ﬂmmgp@tts f yilkls ap@mcnagdrﬂaﬂtéa%@labkes,afor example,

DI 1 ©a0E e U R AR xR TN RS B RGRIBLE Sk Albign yared

mechani sm ause tora part st thereaction takes
pl ace. A wmr:hlpxtomdek foramnﬂre)comphdt assa}ma:kd gha.n twhelddm pbssitle Hitlgna@impmesgion

cause the assa 'arat s, to V|brat e to.irr

ey cartCTARID B & hotaRRe g 1SRRG s hiirat e 3% nat
many i f f efedto ¢ndaexha@rFechtuhsainialyethenpieivird efithekdifihentraagaits. her

t hensel ves encode an indication of the control signal or may sel ect

one of a plur eﬂl iohg er%gocﬁﬁigﬁtpﬁqg%e%mﬂroller is operable to change direction of movement

of the compression mechanism the along the actuation path. Accordingly, the direction of
movement may be changed in order that, for example, only an initial portion of a reagent is
delivered due to a change in direction of the movement during such delivery which causes

25 -some of the reagent to remain in the reservoir. Similarly, a change in direction may occur after
delivery of a reagent to extend the time until another reagent is delivered. Likewise, such
change in direction may enable the initial compression to occur at some point along the card
and then enable movement of the compression mechanism away from that starting position

towards two different edges of the assay card.



20control signals. It will be appreciated that such indexi ng may
occur through a variety of techniques, such as, for exanple,

mechani calWO ?{h?f‘fbﬁdfal or optical nechani sns. I nP8f/§G2011/0001 g
enbodi nment’, e ‘assay card controller conprises: a detector operable

to detect the presence of the target agent. Such a detector may be
arranged to detect a predetermnined characteristic of the reaction

with the test Iﬁ%ﬁpkﬁboﬁﬁkﬁk ﬁ@%sﬁﬁ%&ﬁféﬁomph@& aqeﬁ&ﬁtdgfect‘épwéb?@t% deféBt

optical detector operabl e to optically detect the presence of
t ar get agerindexing meclﬂamsmrpeoedﬁﬁom thesssay capdtodeedice @trle@bwwqoeegl SImI to be
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t est ent |n response to an ingicat.i ovi ded t he deg.ector
rcoor & mopgeing BelanReIn e e difelerd RS Op e 250 sErasp brcvide

suf fi ci enddnitol gh bt AFFfelrdd® timLdihk Ird 2 AR &R 011/ 000128 13
presence of the target agent in the test sanple. Such an indicat.ion

may be based n a s mount, & 0

s ¢ rveor  ndafs SEBRiBH 8RRk Je BB bpd B LN Pa BLUAR offpdorine,
of the anmblcﬂhm@llhs prviied bh did asmyehrdith @rddacgﬁp]uﬂg@mt' cbmtrdl lsgnhlem be provided
sanpl e. Accordin 0 a sec d.as there is provid

Soony et corbi Arauitnd SEERACIRE eyt inty eareaBLay ol of
conprigi ngifféreftdntrbBdighalkayhdveddding ﬂ@@ﬁm@mn@qﬁwl@@&ffeieﬁt écﬁﬁ’@ﬁd’lénals at
reservoir, each conpressible reagent reservoir containing a

associ at ediffereaidines ta fense isrpswey Rppasatys o Rerfpem diivrent ek \’?‘S‘qudlﬁéliy nijtferent
coupl ed wylhids ﬁﬁg%te b&‘?orﬁ{éa qp@ffel%ﬂﬁﬁrﬁ@sl P&ﬂaﬁt%ethé’ Eorfrol §§t§a]§g%ﬁprlaﬁed. For

and conpressing e conpressi bl e reagent reservoir to cause each
associ at eskampleganentrobsigealinmy detgeebrited Blhg‘r ibd eard hag reached p gentain peipt, surd as

reacti on 1(1:1hacrcrit1)a {13‘.' %‘(910 g%}ele etJ}a:[pEtrgreta S S]uQ kol mgﬁa!%? GfIRApL ment

each of a ura ressi ea en reserveirs rs located at
pr edetser momqnleslsmn atelchn‘lﬁsnatoqngseafopa emlecléarrnmrewlhim theatdction pitdplece. be
conpr ess g al on

[

path i s TRty of AR or T the pobreS e BB RS e Y <BRAARL hrate
an axi s ohe hdigy e58,ay iralidlk the assay card and/or to heat the assay card. It will be appreciated
that many different indexing mechanisms may be provided which may either themselves
encode an indication of the control signal or may select one of a plurality of pre-programmed
20  control signals. It will be appreciated that such indexing may occur through a variety of

techniques, such as, for example, mechanical, electrical or optical mechanisms.

In one embodiment, the assay card controller comprises: a detector operable to detect
the presence of the target agent. Such a detector may be arranged to detect a predetermined

characteristic of the reaction with-the test sample.

25 In one embodiment, the detector comprises: an optical detector operable to optically

_detect the presence of the target agent.

In one embodiment, the detector comprises: an amplifier operable amplify a signal

provided from the electrochemical detector.

In one embodiment, the assay card controller comprises: an indicator operable to
30 indicate the presence of the test agent in response to an indication provided by the detector.

Accordingly, the indicator may indicate whether the detector sufficiently indicates the



I n one enbodi nent, the reaction chanber is |ocated along the
actuation path and the step of conpressing conprises: conpressing

t hose of ity of conpressible reagent reservo

furthest gﬁgﬁﬂ#é%ﬁﬁ* reactton chanber al ong the actugﬁigﬁﬂ%g@ﬁg?o
enabl e injection of associated reagent gaprior to those of the
plurality of conpressible reagent 20reservoirs |located closest to the
react| On QIDELS the target f‘%éﬁt ke éﬁ‘%?ﬁgﬁeﬁﬁch aftlind @dﬁ%ﬁ nla)Be BRI O A SIS -

r eagent servolrs ar cated at t same pre determ hed locati on
along t hethmsh@ldtamnntpapmvajedlthfh@ rositipe of negatsresition gnay proyidesegiantitative
si mul t aneg sI [ essSi t e Iy y of
conpre33|5# géﬁ ?m?%%ggV%Qggﬁ%n&i£ﬁ£?%ﬁ%t%%nﬁg%mﬁ%gc?LQESOC|ated
reagents into the reaction chanber. 25In one enbodi nent, 'the nethod
conpri ses t he Atspieg to arsseasidaipegt; theee laygwededta@assmémg&?@  GORNPAISING Afesips
sack iy e 0 B om L
conpr igesgfﬁgr@?@p%o#gay?%@ga ﬁpﬁialn % gébsss ?’gﬁn E@Q%gact [ oﬁ& &ﬁ]aﬂr%geérkggt

a wast e cleasrbalr, eacmnmmbmza@@m@mn@msmmd reageni andamach
enbodi nent, the. thod co es the a armmngggﬁ q} ﬁ% ﬁ% 563‘$h n
mat erial PGPS WWPFRT 155 g eoupled A W6

the net hocéstcsampre; aﬁl&ompaesﬁhgsacﬁfcompeeﬁm rdagerit Aeseiveitto salPah aﬁsoalﬁted
inlet port of q@ ssa card, 5In ne enbog$nent t he net hod

conpri se Srepgrat top Ijl’l_]S?te g)eaa;prpc}féer{nﬁg 0 eéfnt(b treactlon champbgr tg react with the test -
enbod{gren{ampidle step of sealing conprises sealing the inlet port with
an adhesi ve ‘'when conpressed. I n one enbodi nent, the nethod

T 5315 RS R e

step of @e&@mnmg l8catie@Rdlbnge fredeiatiiRd aonptidngath ©GERo\ERERd abng the
reS|I|ent aggresable reservoir in fluid communication with the

inlet por%“%%F nerate the negative pressure. In-one enbodi nent, the
step of generating a negative pressure conprises conpressing the
resiliently cdmpnessbidimentcthenstoationgpathps iiséang a ref orm ng devi ce
operable, follow ng 15conpression of the resiliently conpressible

chanbgy, to asgicst cAEEAMRHEHS b&Batkh palhexteddi b is of the assay card.

In one embodiment, the reaction chamber is located along the actuation path and the
step of cofnpressing'comprises: compressing those of the plurality of compressible reagent
reservoirs located furthest away from the reaction chamber along the actuation path to enable
injection of associated reagents prior to those of the plurality of compressible reagent

20  reservoirs located closest to the reaction chamber.

v

In one embodiment, at least two compressible reagent reservoirs are located at the
same predetermined location along the actuation path and the step of compressing comprises:
simultaneously compressing the at least two of the plurality of compressible reagent reservoirs

to simultaneously inject associated reagents into the reaction chamber.,

25 In one embodiment, the method comprises the step of: receiving the associated reagent

in a reagent sack in each reservoir chamber.

In one embodiment, the method comprises the step of: receiving excess from the

reaction chamber in'a waste chamber.



conpressi ble reservoir. I n one enbodi nent, the method conpri ses
t he step of : receiving the test in a sponge provided as the reform ng
devi ce. di ment, the sponge conprises at |ea

ret ai ned t (g?bgluﬁﬁp Ol n one enbodi nent, the resilientl yﬁ(té%rgr%@é{sls?%?
reservoir is in fluid comunication wtjf the reaction chanber.

I'n one enbodinent, the resiliently conpressible reservoir is in fluid
conmuni cat i on : Cli i 8k 1
retained wt h|I\rqﬁogggﬁggq@g@é&kmﬂ%ﬁ%mﬁ 1se\£'t}ﬁe S@%r#)fe%& mﬁ? ¢ ﬁ gna
conpri sespohided wighindhe wasd gatibore| y f | ui dI y decoupl i ng 25t he reactl on
chanber fromat | east one of the conpressible reagent reservoirs and
the resilientlj oﬁggﬂﬁﬁt;’tﬂ%bﬁl e Ez?e%ﬁ)ﬁ\éginbnsesmstep of: recelvm% the test sample atan
2011/ 123064PCT/ S&2011 0128 15 I n one enbodi nen t he net hod
conpr i sesintehpors plthe @say gardi dl y coupling the reaction chanber with the
at | east one.of the conpressible reagent reservoirs and the

resiligntly cOofRheemb&liRehteMe MetHot comprises tHebiepg: @abgahermidt poithe
met hod conprises the step of : corrpre55| ng m crofluidic channel s-

coupling the reactl 0 east

conpressible r BQB%HIPQ?@@S‘%@F FEP Sﬁﬁaﬁ%comgs?s Sgﬁlmgﬁlhe mrkr’:% grst?iltgl e

r eser voi radhesive whéncodipeessgtbodi nent, the nethod conprises the step of:
preventing actuation of the conpression rrechani sm on detection of a
fl ow preventer s'ér'?lflt

conprises at llggg% erglrjl%dur%e%tfég? P—%ﬂ%ﬁ?ﬁ@ﬁ Sie ope eﬁ%ﬁ%ﬁ%{% &ﬁééq twei Bthe

i nl et porat the inlet pchrlatwasa&ttreaummﬁ‘iaﬁtmtsalnple I n one enbodi nent, the
assay card conprises a plurality of mcrofluidic channels operabl eto

coupl g at each;gfe Ellﬂgocﬁxlnh'ﬁtatlhb tikp of g&l@fﬁﬁﬁ§§ ﬁéé&h% 5@@%@%@0\6%&%&%

with the reaction chamber di ment,

conpri sesa tehléemtyeqs)nmres&bbl resgrvoirah ﬁu@e@mmgmatrom e'abtthednlét port to generate the
15m crofl %t': eI I n one enbodi nent, the mcrofluidic channels
conpri se a& esi‘'ve seal abl e portions.

In one embodiment, the step of generating a negative pressure comprises compressing
the resiliently compressible reservoir comprising a reforming device operable, following
15  compression of the resiliently compressible chamber, to assist decompression of the resiliently

compressible reservoir.

In one embodiment, the method comprises the step.of: receiving the test in a sponge

provided as the reforming device.
In one embodiment, the sponge comprises at least one reagent retained therein.

20 In one embodiment, the resiliently compressible reservoir is in fluid communication

with the reaction chamber.

In one embodiment, the resiliently compressible reservoir is in fluid communication

with the reaction chamber via at least one reagent retained within a substrate.

In one embodiment, the method comprises the step of: selectively fluidly decoupling
25  the reaction chamber from at least one of the compressible reagent reservoirs and the

resiliently compressible reservoir.



I n one enbodi nent, the reaction chanber conprises an indicator and
the nethod conprises the step oft providing an indication of a
presence Qf 2t agent within the test sanple. 20l

enbodi mn&oﬁﬂi}/ﬁsﬁ% cator .conpri ses a wi ndow and the Spg’g@@uumumzs
provi ding an indication conprises, detggting the presence of the

target agent -t hrough the w ndow. I n one enbodi nent, the w ndow
i's transparent : [ Ty Ty GRPRL SCHuidRRLLQ !t f
detecting the IB?’@@S%’?@"@%FWE“% ar g%?%g%ﬁtwyﬁemeﬁbog@ngnt?re? 1eOn

i ndi cat or chmotpr witk theah leadt@nt oDibh eorprassitdeteeginb resopeirsdniddhe ngsiliently
25el ectrochem c%hlel% det.ect the presence of the target agent, the

el ect r oc hEWREHETEYBY being coupled with a netallic coupling
formed on the assay card to provide an electrical connection between
t he el ect r ochdmiopakmbedimentothe methadieemarises yhecsignop feenmpressing microfuidite

enbodi yren er J i ] : :
vo 2011 1980 Eeh PAEL 1R To-GRA A pEATRS bGP IcR BRPERASE Ml SRORA
pr edet er niessrdoirsermd el resiBerply @oingeedsibla resetysirr at e wi t hi n t he reacti-on
chanber . I n one enbodi nent, the assay card is extruded and

ther mof or med  wi,tfe uﬁsofdngn@{hfe%e%%u&g?gég%% ! %ﬁﬁ@{méﬂaﬁ of BRAY

card conprises a plurality of sheets nged'to Torma | am nate, at
| east oneconfpressiwngteshandsnpen dejeciion leéa Roylpaesenter.havi ng the plurality of
conpressi bl e reagent reservoirs, the reaction chanber and the '

mcrofluidic QH%BE‘@IIn%JinEﬁE?_ﬁﬁeE@{' 848 comprises af 18asP B ARGRIidIE Bianndihe
assay card conprises -a heating el enent provided on one of the sheets

oper alft e ersrablsste cowre thednlet Roswith o repctirrechambedi ment, the heating
el ement conprises an electrical heating el enment and the nethod
conpri ses t he Iatoap embodidem! iho@ssa earl @ampiigs & prmaity of microfluidio clemaels

enbodi nent e nethod conprjses the step of. controlling.the heating
el enent R o&ob@%afeqa@b B he Bzt coPEF S eAeaRtupVOirs with the Feaclibn

~ chamber.

In one embodiment, the method comprises the step of: selectively sealing at least one

15  microfluidic channel.
In one embodiment, the microfluidic channels comprise adhesive sealable portions.

In one embodiment, the reaction chamber comprises an indicator and the method
comprises the step of: providing an indication of a presence of a target agent within the test

sample.

20 In one embodiment, the indicator comprises a window and the step of providing an

indication comprises: detecting the presence of the target agent through the window.

In one embodiment, the window is transparent and the step of detecting comprises:

-optically detecting the presence of the target agent.

In one embodiment, the indicator comprises an electrochemical detector operable to
25  electrochemically detect the presence of the target agent, the electrochemical detector being
coupled with a metallic coupling formed on the assay card to provide an electrical connection

between the electrochemical detector and the assay card controller.

In one embodiment, the reaction chamber comprises a predetermined reagent.



I n one enbodi nent, the step of conpressing conprises: noving .a
roller relative to the 1l5assay card, along the actuation path.

In one enbodi nent, the step of conpressing conprises: novin air
of roller ¥OHAVNE to receive the assay card therebetWﬁb‘i’“&F’%e
to the assay card, along the actuationjgath. I n one

enbodi nent, the step of conpressing conprises: noving a secondary

rol | er 20re|at o I r I ]

he assay car d e eRbbqieBCiHe Bledtr P e R RS AR e 8

m cr of | ui eadtionlvthamedrs routed to the predeterm ned areas to enable

sel éctive conpression of the mcrofluidic channels. In one

enbodi ment, t hg JAAkhb&fimER! hEhKaftHd RAURLESY Y 198A6Brméd W aid of 2
enmbodi ment, the step of conpressing conprises: varying a speed of the
25conpr eswichgneach of the plurality of conpressible reagent
reservoirs to cause each associated reagent to be injected into the
reactipn chamigront emb&BSEntWMLE Bssk Earl €5thprSREP pRiralin! J&'fsﬂé@ﬂﬁi'zﬁlgéﬂ R66rm a
timngs. WO 2011/123064PCT/862011/000128 17 . I n, one epbodi nment,
the met hol@mansisy At lsst onarf the ety Peipg e Brrmoplastin haviesthe Rlrality phgonyprsssible
provi ded Q&&hﬁs@%ﬁﬁ%th@%é@h&rpcmg% R m}cRFREdiO BRnRQ P fdrkd feRBR! -

I n one enbodi nent e nmethod conprises the step of detecting a
plurality of |ndeX|n cha i sns vi ded on,the car.

P btuce 3 ol uront SRBRTEGH: Do rney B PanMEEn® B ne RETAR R dod eone of the

nmet hod cogpﬁggﬁgdﬂ@@nﬁﬁﬂﬁegﬁayg@aect|ng the presence of the target

agent . I n one enbodi nent, the step of detecting conprises:
opticg|lly detectin h r the tar LN
one eﬂi) odi e m(,_e.[ oP%gm 5t mg%t gf 1(1:1g elemexétocrcrjgl Iglsiaessan%ﬁacttnlca] heatlrg elemené ﬁ%ﬁ

provi ded the enthod comprises the step of powering the heating element.

In one embodiment, the method comprises the siep of controlling the heating element

" achieve a predetermined assay card temperature.

In one embodiment, the step of compressing comprises: moving a roller relative to the -

15  assay card, along the actuation path,

In one embodiment, the step of compressing comprises: moving a pair of rollers
operable to receive the assay card therebetween relative to the assay card, along the acluation

path.

In one embodiment, the step of compressing comprises: moving a secondary roller

20  relative to the roller to compress predetermined areas of the assay card.

In one embodiment, the assay card comprises microfluidic channels routed to the -

predetermined areas to enable selective compression of the microfluidic channels.
In one embodiment, the pair of rollers are coupled by gears.

In one embodiment, the step of compressing comprises: varying a speed of the
25  compressing each of the plurality of compressible reagent reservoirs to cause each associated
reagent to be injected into the reaction chamber to react with the test sample with

predetermined timings.



10t he el ectrochem cal detector to el ectrochem cally detect the
presence of the target agent. I n one enbodi nent, the method
conprises _the step of: indicating the presence of the t&s% aoqent in
response 0 MRS 4cat i on provi ded by the step of det eltT ﬁ?. 1/000128
According to a third aspect, there is provided an assay card,
conprising: a substrate having at |east one conpressible reagent
eservoir, - each G RRbERHR fhehRARRNbPASR MOk HRERBER M iNddi

associ ated reagent and each conpressibl.e reagé%t reservoir being

coupl ed winethaaismeaevideshorcthe adsey cang by prbduse ableass ong cantral signgd. sanpl e.

I n one enbodi nent, each of a plurality of conpressible reagent
reservoirs is inQmatRBodieRt BEeIRKIN BRPrisRRL QI et RicBih Aplurality of indexing
predeterm ned actuation path along the assay card. |In one enbodi nent,
t he act uampetanisans pravidediondhs assayrrr to peodappdblurabifit of coptEolsignalst i on pat h
extends along an axis of the assay card. In one enbodi nent, the
reactipn chambgront 8mbediadefidltha nRtddicBmpaAsds Wil st ofpddtéttiaf thelpr@scedf tide
plurality of conpressible reagent reservoirs |ocated furthest away
fromthe ¥E&E#Bh chanber al ong the actuation path are conpressible
to enable injection of associated reagents prior to those of the
plurality of Ccargaeembodiinent; thagrpiof daswtiny oompridcocmptiealyclestisd the prestiee of
reaction %15 chanber . I n one enbodi nent, at |east two

conpr essi BFE#LA88YNt reservoirs are located at the same predeternined:
| ocation along the actuation path to enabl e sinultaneous injection of
associ at ed r edgent smbodimenththe sepof desectiop aomprises: apPlifying a signal provided from
2011/ 123064PCT/ SG2011( 000128 1.8 . e. enbodi

Feser Ubi r T RETEEP ST SLE to Femshomtl BREA PERAGLTE B e SRE% et v e
the associated reagent. In one enbodi nent, the nethod_ conprises the
step of form ng onhempedigent; ths meathodrompasasithrpier afeindicating the prgsange af the -
pr ot r usi | : Wit hi: i.on and sealing a
pol yrner g%%ﬂ?glﬁ‘gq‘i‘ Eag?&ergﬁprﬁqg&%llon p%%&gtr?gghdﬁo ¥ n(gft&%eﬁﬂéhggt ep of sealing
conprises applying, a pressure using.a conductive cojl to the netal
foil and pol yriscoptipgionghisthesPsHihete ApPIaviHEG M ISR FEh CYMPETRE: 2 sYbstats o

to the condifstdt Y&stiRk bompressible reagent reservoir, each compressible reagent reservoir
15  containing an associated reagent and each compressible reagent reservoir being coupled with a

reaction chamber operable to receive a test sample.

In one embodiment, each of a plurality of compressible reagent reservoirs is located at

predetermined locations along a predetermined actuation path along the assay card.
In one embodiment, the actuation path is linear.
20 In one embodiment, the actuation path extends along an axis of the assay card.

In one embodiment, the reac‘;ion chamber is located along the actuation path and those
of a plurality of compressible reagent reservoirs located furthest away from the reaction
chamber along the actuation path are compressible to enable injection of associated reagents
prior to those of the plurality of compressible reagent reservoirs located closest to the reaction

25  chamber.

In one embodiment, at least two compressible reagent reservoirs are located at the
same predetermined location along the actuation path to enable simultaneous injection of

associated reagents into the reaction chamber.



I n one enbodi nent, the assay card conprises: a waste chanber operable
to receive 10excess fromthe reaction chanber. In one enbodi nent, the
wast e Chﬁ% ises: material operable to retain t

In one e (SF(H'@E ,g4t he assay-card conprises: a seal abl g&;ﬁé@?flg{lgﬁs
coupled with the reaction chanber and oggerable to receive the test

sanpl e. 151 n one enbodinent, the inlet port is sealable. I n one
enbodi ment, t hg gheemdbditehfb&h résefoirCAAMbdr e6MpAds addigeit weckoplaelrbl e t o
seal the inlet port when conpressed. I n one enbodi nent, the

assay car OPeEigloirewivedhe assemiairdios@E operabl e to generate a negative
pressure at the inlet port to assist receiving the test sanple. 20In
one enbodiblment In dnB emizﬁ&ﬁmlaﬂi}, ldﬁ\niadﬂﬁ)dﬁﬁﬁ@ﬁb@eﬁe Aeg ﬁ’&?}ﬂxﬂi;t]glthhyTagent sack by
conpressi ble reservqir in uid communi cation with the inlet port.

' one entapigAmeal il fodory A @rRUFoRGYRsINELLs IrPeenf wichingbs Pm%ﬁ%} s a
ref or g ngsedpyd @gor%g,g@,rﬁbkigg tHeedohow ng conpression of the resiliently
conpressi bl e chanber, to assist deconpression of the resiliently
conpressi ble reservojr,. 25Ipn ope enbadi nent, the, reform ng device
Conbri ses a spONGE TBRRHERe M SoP oL arlRE ComPrseLiPPLINE Y OSPR g 2

enbodi mengondhdéifre $HI0 tOMBe GRIAD Kl f@lyrdeea&ikir@%d beFigiaph hightfadquenty rotating
therein. WD 2011/ 123064PCT/ SG2011/000128 19 I n one embodi nent,
the resi| figd{q trecondyre&siolt e reservoir is in fluid comunication with
t he reaction chanber. In one enbodi ment, the resiliently '
conpr essi bl e rlasee wabsdimsnt the absay dard oompirides:ai waste ckianbert dperableaa rdceive
chanbgr via at. | east .ope reagent retained wthin a substrate. 5ln one
enbod 'n?x,ceﬁslf@né@gévcg%ﬁ‘amgj ffori ses a flow preventer operable to

sel ectively ‘

In one embodiment, the waste chamber comprises; material operable to retain the

CXCECSS.

In one embodiment, the assay card comprises: a sealable inlet port coupled with the

reaction chamber and operable to receive the test sample.
15 In one embodiment, the inlet port is sealable.

In one embodiment, the sealable inlet port comprises an adhesive operable to seal the

inlet port when compressed.

In one embodiment, the assay card comprises a vacuum device operable to generate a

negative pressure at the inlet port to assist receiving the test sample.

20 In one embodiment, the vacuum device comprises a resiliently compressible reservoir

in fluid communication with the inlet port.

In one embodiment, the resiliently compressible reservoir compriées a reforming
‘device operable, following compression of the resiliently compressible chamber, to assist

decompression of the resiliently compressible reservoir.

25 In one embodiment, the reforming device comprises a sponge operable to receive the

test sample.

In one embodiment, the sponge comprises at least one reagent retained therein.



fluidly decouple the reaction chanber fromat | east one of the
conpressi bl e reagent reservoirs and the resiliently conpressible
reservoir one enbodi nent, the flow preventer pbsc&RPNRPSE
to fluidl V%%“&Hi‘ze“bt he reaction chamber with the at |east one o?( Phe
conpressible reagent reservoirs and thgoresiliently- 10conpressible
reservoir. I'n one enbodi nent, the flow preventer is operable to
conpress. nicr 01fn| dﬁh @m%o&iﬁﬁﬂm{eseﬁlwﬂﬂy bé}ﬁ?fe&ﬁolé RAGVHIPR iR haiaiz@mnwntdahame
at | east one of the conpressible reagent reservoirs and the

resilient Wjﬁh@tﬂfﬁﬁlc@%ﬂbﬁ'@bﬁeser voi r. I n one enbodi nent, the
assay card conpri ses: | east one m crofluidic channel 15operable to

coupl e the inl l%ton@@ﬁlbo&ﬁrieﬁt tHagesiIRANY befpredIdREervoir i IS in filid cOM@nunication
enbodi ment, the assay card conpri ses: qnﬁl ural i tﬁ]l lg}}gcrofl ui di c

channel s wﬁhﬂz&ap@hp%cmhsr ¥ia gt leayt ope speqnhEstainag withis rdEnpr essi bl e
reagent reservoirs with the reaction chanber. In one enbodi nent, the

m crof3 ui di ¢ clhanaemdodinenis the@sday ¢t yompradea biflew pi‘&lenteﬁnmrﬂﬂé)mcﬁeheuiﬁely

the mcro anels co se adh S|veo seal abl e porti
In one en%‘é‘m)'rfjéﬁ?up & Tqagtion q‘gﬁ"" eftf’BWH-‘r é‘éﬁ's"‘”’h"ﬁes?‘h rﬁ%%*r’eser"mrs
oper abl e ﬁrgtpéggillgﬁlmmﬁgysﬁ@%%&f a presence of a target agent

within the test sanpl e I n one enbodi nent, the indicator
conpri ses: ndow t he, presenc f Ahe tar
b det ect A 1 SPhOG RSl hafehieP IR i A b ROGRy

enabl e op¢Hagdkr @Rl eetat Rﬁst@fle bhe poresesitde mﬁgdnh&séram@eindalgaemhhedtn one
enbod'hdlrent, t he_reactiqn chanber conprises: a predeterm ned reagent.

WD 20 &Y/ 000128 20 - I n one enbodi nent, the
predeterm ned reagent is provided on substrate within the reaction
chanber . ]nlone embodimbutgitherdloty, prt\lmtea'ssmyrablaltad ccumrpssins'e@ﬂu'alh: channels

el ect rochem det ect o er ectroechem ca det e

bt esence BrPbReE Zoegay gt ith Be aflefy it HAR( e Riatble PteRElgpdrg s and
coupl ed wht hestlicA®y adrhpressitdeibérigir.t 0 provi de an el ectrical connection
bet ween the el ectrochem cal detector and the assay card controller.

In one embodiment, the assay card comprises: at least one microfluidic channel

15  operable to couple the inlet port with the reaction chamber.

In.one embodiment, the assay card comprises: a plurality of microfluidic channels
operable to couple at each of the plurality of compressible reagent reservoirs with the reaction

chamber.
In one embodiment, the microfluidic channels are selectively sealable.
20 In one embodiment, the microfluidic channels comprise adhesive on sealable portions.

In one embodiment, the reaction chamber comprises: an indicator operable to provide

an indication of a presence of a target agent within the test sample.

. In one embodiment, the indicator comprises: a window through which the presence of

the target agent may be detected.

25 In one embodiment, the window is transparent to enable optical detection of the

presence of the target agent.

In one embodiment, the reaction chamber comprises: a predetermined reagent.



I n one enbodi nent, the assay card is extruded and thernofornmed with
the aid of a vacuum I n one enbodi nent, the assay card
conpri ses; ity of sheets arranged to forn1a 10 1

| east one é?ﬂﬂke @%eets bei ng a thernopl astic having the p?ﬁ%g?pg% of
conpressi bl e reagent reservoirs, the regction chanber and the

m crofl ui di ¢ -channel s formed t her eon. I n one enbodi ment, the
assay card COMpIj,s ﬁﬁqb@dlﬁ%ﬁtt {hggre%kéﬁﬁiﬁéd RESBhk Q%ﬂ&bd%%u%raﬁéwlﬂﬁﬂﬂﬁt S
operabl e to heat e assay. ca I n one enbodi nent, the heating

el ement cmmﬁwM$hanan el ectrical heating el enent. 15 n one enbodi nent
the assay card conprises'a thernmonmeter operable to control the

heating el ement, @€ Qxhﬁé(cﬁm%ntpfh%%ﬁ E4tH REMpARS AN IRirBcHRiIACHAEM G Dperable to -
I n one enbodi nent, the assay card conprises m crofl uidic channels

routed t oelmf@ghqr@paﬂyr@épchﬁheasesqr@e ehtks ltaéggég@étthwe@&%@%udswcf@f bging
m crofd ui di g g GRaAANSL&alic coupling to probid Qﬁaeﬁﬁgﬁgbﬁ}ﬁ@ﬁo catfpay card
mp i gp TeChan

conprises c rising.an I ndex I'sm prOVI on the assay
card. electionheymieal drtooti arelthe assiecaad sayrodar d conprises a plurality
of indexi ng nechani sns provided on the assay card. According to

a fourth embod),RPEmbLIRER, ihe a&%?EérQ%xﬁﬂd&ﬁa?ﬁXh&ﬁbﬁ;rﬁ@d‘Mt@ |tl-le‘%ﬁd ofa
corrpr| Si ng. a conpressi on rrechanl Sm oper able to conpr ess at | east one

conpr essi YAcBumeagent 25 reservoirs containing an associ ated reagent
provided on an assay card to cause each associated reagent to be

injected in a phadehBsdineRdihe hstay cérﬂk@mﬁmfe@fhcﬁlmﬁﬂty(ﬂﬂ@lﬁéé%ranﬁﬁgédltdﬁdnﬂi’l
the assay card to react with a test sanp

2011/ 1®30lemirets; eideert anefdhoshests being a thepﬁﬂlaﬁ%lc éﬁ‘ﬁaﬁﬂwmrahw REcopgspible

card contf.q %ejn?fes&'gm {ReSacRoPEIRMRE éxﬂﬁhé%?d?@ﬁﬂ:&%%ﬁél@?&r%e& qlepéoﬁvent
actuation of the conpre55|on nmechani sm on detection of a

preventer on the ass Ln one enbodi nment the ressi
echani om 1o dBEPSETBSHGeHoe siieRcit CHBPETRT AGY R e RsDY Hﬂ“ﬁ SRR

t he assayg@aggmﬁgmggnnﬁﬂﬁgaﬁapan@f the plurality of conpreSS|bIe
reagent reservoirs. In one enbodi nent, the conpression

TeChani M COMRY RS fifah B pORGE Whient QoIS AR rchind 1EmBRSY

card, along \RRGIH pba
conpr essi on nechanlsnlconprlses a pair of rollers operable 10 to
recei e the adsape embetlimpet; the essue eard spripisse p disreomglergpgeabledp gontyad theg

the ass ayhe%ﬁﬁéjeletﬁ!arﬁqghyg\%ea ]ﬁ"é&éﬂ&ﬁh&ﬁ aRaY Rard temperature.

In one embodiment, the assay card comprises microfluidic channels routed to

predetermined areas to enable selective compression of the microfluidic channels.

In one embodiment, the assay card comprises comprising an indexing mechanism

20 provided on the assay card.

In one embodiment, the assay card comprises a plurality of indexing mechanisms

provided on the assay card.

According to a fourth embodiment, there is provided an assay card controller
comprising: a compression mechanism operable to compress at least one compressible reagent
25  reservoirs containing an associated reagent provided on an assay card to cause each associated
reagent to be injected in a predetermined order into a reaction chamber provided on the assay

card to react with a test sample.



I n one enbodi nent, the assay card controller conprises: gears

operable to couple the pair of rollers. I n one enbodi nent,
the conpr I hani sm conpri ses: a secondary pair I
150perab|ga?gﬁﬂﬁgﬁﬁrelative to the pair of rollers to @%ﬂ%ﬁ@g@%ﬁus
predeterm ned areas of the assay card. o1 I n one enbodi ment, the

assay card controller conprises: a controller operable to vary speed
of movement t e ANBENE B DAt MR diRi {dnfBp ARLiani

I n one enbodi %ﬁ??%hgag%ﬁtfntrhol F%? é|ls operag‘fe tlg C %&ﬁg_g g‘llrect Plglrlll of
nmovenent oferabiietodOevenigstuatien ofithereqheressommnedebanidny oy deteasion of & oweneventer
pat h. | n_ogne enbodi nent, the assay card controller conprises:
eIectrica?n%%ﬁF%%f%ﬁbpeTable to power a heating el enent on the assay
card. I n one enbodi nent, the assay card controller conprises: a
t her monet er  opl@roap kmbedimewnthe spmprsesionemedhagisaisensiblete oliapea predetermined

deter nj j
P d con 1ftaR BARMIARIE SETRAKAL b fpretsalh Ofc IR SedhprdslificTeneit

i ndexi ng nmeaharsi sm provi ded on the assay card to produce at | east one
control signal to be provided to the controller. WO

2011/ 123064PCTy, 36 Orh b 882 Bhe €8mpression hEbh@em @FRBMIEIYollerd dpBrabRA&¥aove
detector is operable to detect a plurality of indexing mechanisns
provi ded witivate theewgy eaad.cilang thy astgden pathl ural ity of control signals
to be provided to the controller. I n one enbodi nent, the

assay card comhlat k@bodiMBR 1hs @smpssitet 1aedharisiapempites: 4 gairddtrellrs Sjehibdle
presence of the farget one enbodi pent he dete EPr

agent . I n
conpr 1 & esto regeivghs assay ‘ii'é‘? beebstvegeadiperapls topeveslatiye B’e‘%‘% ggsay ¢azd; along
presence @t 2tdifichdamet agent. I n one enbodi nent, the detector
conprises: an anplifier operable to anplify a signal provided from
the el ectrochem cal detector. 10l n one enbodi nent, the as car
cont rol er _conBrreamboditent i adh For SEHETPE i Bt T Fautn e
of the tegdir #g6idrs.i N response to an indication provided by the
det ector. '

In one embodiment, the compression mechanism comprises: a secondary pair of rollers
15  operable to move relative to the pair of rollers to compress predetermined areas of the assay

card.

In one embodiment, the assay card controller comprises: a controller operable to vary

speed of movement the compression mechanism along the actuation path.

In one embodiment, the controller is operable to change direction of movement of the

20  compression mechanism the al ong the actuation path.

In one embodiment, the assay card controller comprises: electrical contacts operable to

power a heating element on the assay card.

In one embodiment, the assay card controlier comprises: a thermometer operable to

control the heating element achieve & predetermined assay card temperature.

25 In one embodiment, the assay card controller comprises: an index detector operable to
detect an indexing mechanism provided on the assay card to produce at least one control

signal to be provided to the controller.



Further particular and preferred aspects of the present invention are
set out in the acconpanying independent and dependent clains.

Feat ures g\FO%Lﬂ@l'gﬁ pendent clains may be combi ned %ﬁt:ﬂs&ﬂ‘ﬁmoous

features ependent claims as appropriate, and
conmbi nati-ons 15other than those explicishly set out in the clains. The
practice of the present invention will enploy, unless otherw se

i ndi cated, conyenti. g&lm%ﬁ%ﬁ% Yeliof %g%réﬁlé \ﬁ?éﬁk g pfed&zglm'iy ﬁ lﬁ’éle?(

m cr obi ol ogy, reco nan I muno

capabi | i tmeehaofsnmpp:e'ncbdlmncﬂﬁe assajmaakty pekdutd a plnralityeofapntrol Sigohls to be prowded
t echni ques .are ? ﬁl ained'in the literature. See, for exanple, J.

Sanbr ook, oghe gontrofly t'sch, 20 and T. Maniatis, 1989, Ml ecul ar d oni ng:
A Laboratory l\/anual Second Edition, Books 1-3, Cold Spring Harbor
Laboratory Pr downe subodiment, fhe asgay eardaontro(llmwmes pdeteeiel eperable to detect

suppl s in Ml ecular Biology, ch. 9, 13, and
16, JognrE Wi"e%gggr?é &%mﬁ%{&k N.Y.); B. Roe, J.- Crabtree, and A

Kahn, 1996, DNA | sol ation and. Se nci ng: Essentijal Techni ques -John
W ley & Sons; lpongempedimgntathgd stsge%coamsew&@wall@mor Pheradle tp optically

25Hybri di g&gd%prggﬁ&gfmqur andedtr actice; Oxford University Press; M
J. Gait (Editor), 198 , O I gonucl eoti de Synt heS| s: ‘A Practi cal

Approach, Irl Press Lilley and J hi ber 99

Met hods of EnZABF 8‘5‘90‘111?3&&{ %fﬁateftafr MRLISES: ﬂ‘a'é?/‘ hEETTE sr?oaf@ﬁg%rielgpa'
Anal ysi s grovidbif\rbatiRodecioBhdaiiea @ele@ay, Academi ¢ Press; Using

Anti bodi es: A Laboratory Mnual : Portabl e Protocol NO. | by Edward

Har | oy, David .Lane 1999 t or
bresold | Sau 0-18796mbRyah. BRalshy San eoics Riies’th [T ar P "
WO 2011/ 1i231d6td R Thr SERGIGIAROR& A8er? B tdsponexto (abdidicatipn pﬁ)aldledi by ﬂl&eietector
(Editor) (1988, Cold Spring Harbor Laboratory Press, |SBN O-

87969- 314- 2), am:gg i j j.shna
Seet hal a, Pr ab%gt\@grt%l ga@%@é(%‘gﬁeé‘gg H%fgg%ﬁﬁ%gv%g ?P(g?@,eﬁﬁ% Q%/Bér?ggﬁh e
Dekker , I@Nnﬁarﬂiamgﬁnwemdegy qndahpleltlszb cRéshs. Fﬁa%ndﬁﬂm KemshddRe clajpessmay be
Reagent S R [ engG enc

Jane Ros k(a)rlrn& d’v ' th ?ea ¢ Oer se m%(%récl {Zc,ofyﬁl% pro F%%c{r1lhlf§ glrng{ %g;

| SBN 1% B&Bﬁrehaﬁﬁﬁesa.exﬁmﬂly m’t ottie de cipdner al text s is herein

i ncorporated by reference. BRI EF DESCRI PTI ON OF THE FI GURES

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA
and immunology, which are within the capabilities of a person of ordinary skill in the art.
Such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch,

20  and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3,
Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic supplements;
Current Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons, New York,
N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential
Technigues, John Wiley & Sons; J. M. Polak and James O’D. McGee, 1990, In Situ

25 Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor), 1984,
Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. J. Lilley and J. E. Dahlberg,
1992, Methods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis of
DNA Methods in Enzymology, Academic Press; Using Antibodies: A Laboratory Manual:
Portable Protocol NO. 1 by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring

30  Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed



Enbodi nents of the present invention will now be described further,
with reference to the acconpanying drawi ngs, in which: 10Figure 1
|IIustratgﬁoﬁﬂﬂRgggpts of the assay apparatus according. E@Gﬂﬂﬁmwrm
enbodi nment 'gure 2 illustrates an assay card according to one
enbodi ment; Figure 3 illustrates a sectizon through the assay card of
Fi gure 2; - Figure 4 illustrates an exanple process for

per form nHaI%\HEﬁ&lior)s ’Dﬁﬁﬁ LaR&@idi0F) (PROCHIdNPrih® HaRRr Eﬁmﬁ’ﬂbm&% ISBN 0-

15Figures BAto lustrate an exanple operation for rawnna a test
sanpl e ac¥M68i34- 29,01 SéheHaeﬂdb@dn ofdiue Seeenings editad| by Ramakrighpa Skethalas ay
card bein a e r,

T st r at PR T bEFerh Bk RoBE ARG PRRONT, Marcel Deldcr TSB 02847 hek 295 Bnd
rol | ers oLal ]hﬁ‘ AsIm;dbca;rkpﬁMbmss, ReagegtsaarclddperdeferomeJabls; foQIOﬁ: o thredBedich,

i1l ust chan I, n_reacti i.al e varyi
conce g‘?ﬁﬁ %Skf”ﬁ? @‘gﬁ‘sﬁ‘&en%?‘fgers’ 2002, g?@fﬁ"@“@@%%é%%%@%’ QS%N Gi g
di agr am SM@O-’GhEa@Qﬂ ithedd Sdtierdl tRtis BeteidfindoRwrasteyretasmde of Fi gure
2; Flgures 10 and 11 illustrate desired exanple reactions
in the reaction chanber of Figure

: : <7, 128 24 Figure 13 illustrates
processi ng st %ﬁbgdﬁﬁeﬁtbgf tHE Eﬁ?ﬁﬁﬁidv@ﬂldﬁfwﬂl%w%%&'hbgd ﬁiﬁh&f withgéfeRndeo
Figure 14 illustrates an arrangenent of a test sanple | oadlng devi ce
accor di ngthe gcc@n@a@rmg)dnawm in which: .

10 Figure 1 illustrates components of the assay apparatus according to one embodiment;
Figure 2 illustratcs an assay card according to one embodiment;
Figure 3 illustrates a section through the assay card of Figure 2;

Figure 4 illustrates an example process for performing a multi-stage reaction according

to one embodiment;

15 Figureé 5A to 5C illustrate an example operation for drawing a test sample according

to one embodiment;
Figure 6 illustrates the assay card being presented to the assay apparatus;

Figures 7A to 7D illustrate relative movement of the assay card with respect to rollers

of the assay apparatus along a compression path;

20 Figure 8 illustrates optical changes in reaction material due to varying concentrations

of a target agent;

Figure 9 illustrates a fluid diagram showing the equivalent function of the assay card

of Figure 2;

Figures 10 and 11 illustrate desired example reactions to be performed by reagents

25  within the reaction chamber of Figure 2;

Figure 12 illustrates a sensor disk utilised in the reaction chamber in one embodiment;



5Figure 15 illustrates an arrangenent of a seal abl e channel according

to one enbodi nent; Figure 16 illustrates an exanple operation
of the te | oadi ng device of Figure 14 utilisi bl e
channel o$$$$%§@%ﬁ%5; Figure 17 illustrates a double rgﬁpégﬁnﬁ&ﬁkﬁ

arrangenment according to one enbodi nentyg 10Fi gures 18A to 18C
illustrate a double roller arrangenent according to another

enbodi ment;  Figure B GiisGattPplobdssink Et@{)_@ﬁr R pRIPAANSE BBMRE sésordli s FFidlre
havi ng seal abl e"and non-seaPabIe portions according to one

enmbodi ment?; Figures 20A to 20D illustrates a schematic representation
of an assay card and an 15 exanpl e silver enhancenent process

performed by tHguRdIsWusBRRAPdrthgtiiéof 4 ol sadpReaVadimy dbvae aedoddingtd dhe
one enbodi nent ; Figure 21 1llustrates a schematic

represent%ﬁ@ﬁﬁn@ﬁ§an assay card and an exanpl e silver enhancenent
process perforned by the assay apparatus using that assay card
accord ng to oFigurebeltlistre®s an afin@hiére s 2 RAlable chaidel Adcusiingat ete a
schematic representati on of an assay card and an exanpl e heavy net al
det ect i on®BPYEBEY: performed by the assay apparatus using that assay
card according to one enbodi nent; Figure 23 illustrates a
schemati ¢ r epriigantl Aillwtratef armexampapemtioniofthe tearsasplnipidingdryicstof pigure

bl ood tes r.oce e r med .he assay apparatus using that assay
card acco&ﬂﬁﬂﬁ"@%ﬁiga%h%cgﬁgﬁg%ﬂéﬂy??i Figure 24 illustrates a

schematic representation of an assay card and an exanpl e sequenti al
i nj ection prodédgeedilfusiratesia deublarellersasapzemsphrceoidng ig opgembodimends ay
card according to one enbodi ment; WO 2011/123064PCT/ SG2011/000128 25

Figurg 25 il ugghred 8 B BCEREkC dRPIGSRRHarhhRinedl acRbrdAgIaindtidrd and
an exanpl e pol ynerase chain reaction (PCR) Lab-on-a-chip (LCC)

process pY¥RBGHRYEY by the assay apparatus using that assay card
according to one enbodi nent; Figure 26 illustrates a schematic
repr esent at i orfigire a9 ilasgatys apdrchngemiend bf £oland] daving sdalablersad hokosgulabbes s

erfornmed by the assay apparatus usin h r rdin
gne enbodri)qrré?ﬂs.accorgmg}loo epembodililnent; g that assay card according to

Figures 20A to 20D illustrates a schematic representation of an assay card and an
15  example silver enhancement process performed by the assay apparatus using that assay card

according to one embodiment;

Figure 21 illustrates a schematic representation of an assay card and an example silver
enhancement process performed by the assay apparatus using that assay card according to one

embodiment;

20 Figures 22A to 22D illustrates a schematic representation of an assay card and an
example heavy metal detection process performed by the assay apparatus using that assay card

according to one embodiment;

Figure 23 illustrates a schematic representation of an assay card and an example one
step blood test process performed by the assay apparatus using that assay card according to

25  one embodiment;

Figure 24 illustrates a schematic representation of an assay card and an example
sequential injection process performed by the assay apparatus using that assay card according

to one embodiment;



Figure 27 illustrates a schematic representati on of an assay card and
an exanpl e DNA extraction Lab-on-a-chip process perforned by the
assay app e that assay card according to one,

10Fi gure %ﬂ(ﬁ?’ ?ér ates a schematic representation of aﬁﬂggfs&gg&@%rﬁd
and an exanpl e adenosi ne triphosphate (ATP) Lab-on-a-Chip (LOC)
process perfornmed by the assay apparatus using that assay card
according to Oﬂgurggqumsf@t@éasdﬁbﬁh‘ﬁ@reﬁx%sén'tdﬂ%ﬁbf & %a%r@ﬁﬂ% eﬂﬂﬂﬁl'éat us
according to on odi nen Figure 30 il lustrates t

f or mat | onpa@ymeraseechigimreactibn SRR Labawraithip (It@Chneceémmby theBssayur e

31 ill I 30; Fi 32
2 per spoctiPva g P il L E AR o L B plbh 0 T D Tas

illustrates an assay card according to one enbodi nent; - Fi gure
34 is a flow cHigwe 28Hbiratgs 3 srhematis lepissenisioneban Yy eEdand 28,55 PG s

d I
1 uac ot SRAERG GEPRA bR (RORSS ERR-n Rl PR BB Rerdige

ASSAY APPRARARISdiment; Figure 1 illustrates an arrangenent of an assay
apparatus, generally 10, according to one enmbodi ment. The assay

apparatus 10 Flfllerb Q?ﬁhﬁtr&tbé‘l’éc%emétﬁ! lepebentaABH o] R4y 4RI st aﬂre&ﬁﬁﬂém
for determningt presence of a target agent in a test sanple

2011/ 1230@@@@1@@0@1@! oliD pxBess Gersuiedi i dhe dspRyrApPer2e Lsing thieaseay, card
cont ai ns reservoirs, each of which contains a
| Chm%% ofid erflﬁcﬁi%ﬁ&ﬁ

r eagent eact s e test sarrpl e introduced into the assay
card 20 via an_inlet ]Evl ort 180 .in order to detﬁrm ne the presence of
1

the tHtget agdiigureg8 illysiratesd shem@icfaRIESSNEALAN Phathassay it A anisaqmanle
The assay,deabthedflp h&?ﬁéﬂéj@fﬁlﬁ)la%‘ﬁfat@&? (BACH obés§ phi€teicll 89 ttiehagher to

enabl e a detection of the characteristics of the reaction occurring
Wit hi n t hepprratistusion thehassteeard eccpudingigens ﬁmb‘i"h’@Pntto determ ne the
presence of the target agent. DETECTORS

Figure 29 illustrates an assay apparatus according to one embodlment;

Figure 30 illustrates the formation of a reagent blister according to one embodiment;
15 Figure 31 illustrétes sealing the reagent blister of Figure 30;

ngure 32 is a perspective view of the reagent blister of Figure 30,

Figure 33 illustrates an assay card according to one embodiment;

Figure 34 is a flow chart showing interactions between an assay apparatus and mobile

phone according to one embodiment; and
20 Figure 35 illustrates an absorptive joint arrangement.

DETAILED DESCRIPTION

"ASSAY APPARATUS

Figure 1 illustrates an arrangement of an assay apparatus, generally 10, according to
one embodiment. The assay apparatus 10 provides a simple, reliable and effective

25  arrangement for determining the presence of a target agent in a test sample.

The main components of the assay apparatus 10 are shown with its cover removed to

help improve clarity. The assay apparatus 10 éomprises an assay card 20 which, as will be



In this exanple, the assay apparatus 10 conprises an optical source
40 and an optical 10 detector 50, although other types of source and
det ect or gﬁy(ﬂ§ ﬂ&ﬂVlded dependent upon the characterlﬁét@ Nﬁblﬁhﬁ
parti cul ar t RACtORs that are intended to occur. Accordlng ?
optical properties of the fluid resultixgg fromthe reaction occurring
within the reaction chanber can be determ ned when the aperture 30 is
al i gned
TyplcalIyé&ﬁhégggﬁgk%%ﬁg%?%ﬁﬁg%néﬁmq?ggggﬁﬁgﬁgﬁﬁq%gggﬁgg%&gg?g?ﬁ:ned
fr om t heseontgits aoaageohwhah reacisstithghe wsicampleiintiduegd iote the assiyecapt 2beinee

of the tar ed on th 0 ,
"t oot pef S0l R e G Pl P8 Bt PES L Benk o wi oo bEBUENL
to deternmnﬁxéhaambaSane of a target agent. For exanple, an

el ectrochem cal detector nay be provided which couples with netallic
strips;on the I I :
reasures. el oot PhaRE R 20 M Fal ShREC AR e P Blabecl hATE s deteetion
chanber, ¢fitee chatatdristcssif thepsaation uegurmgywmhlg thelredctomphaarbet {ofticenadgtn otder
anpllfles ggese cﬂg;acterl L eqU|red and an indication of
the preseREECHMIERE FEFYEt© :ﬁ@;‘ﬂﬁ{ge 45e provi ded on the displ ay 60.
ROLLERS I n overview, the operation of the assay apparatus 10 is as
foll ows. DEEECTOREY card 20 25having a test sanple prOV|ded thereln is

i ntroduced into the apparatus between ir of ner - c '
rol lers 70. Alahis »ithe ag8ay; ApRYTAYS J\ﬁF‘g'ﬂpréséﬁ% |S§Hr§f’ ‘gaW Qg
contr] | efetdtbriso, Eq{hbﬂﬁ‘l &th& qpﬁés lof SfurdeQint q&t@ctzﬁnhbsbaﬁoa;de@a@en&unt tibdh the
the rol l'er control 90 via the gear train ) he not or

may be a @laé’f\ﬁbélﬁ“qfr@m}e PoFticlay regetions giaf eréentwdteﬂ t‘h‘)cﬁb}%l tion i nd| cat or
to 30enable the roller controller 90 to provide accurate control. The
presence of theccgringly, l’th?d dibtﬁﬁl@roﬁ@m%@fﬁfelﬁlﬁﬂ@ﬁf?ﬁﬂ 567 Qelrk 004 38c112r7ng

causes each roller wt a 70 to . couynter te..and, slo

draw t he W¥&ggh cBAHOB 1 Cimn@ 4&&@@1&9 when fhg élperf%gﬁ is@jened vith

be expl ai ﬂﬂi@al' sBuidPhe a&?&@bbﬂé&?ﬂ&%tortﬁ' Pyl She bOR ARABA bOiHe SarDHt ak@lﬂ
assay car be cogPresse sequentially to cause reagents therein to

be rel5eas<@éi be detgrmined framdkdse ﬁp@%hﬂ@@t@ﬁ%|atléﬁwslscwma?fdhwemce of the
v/ doubl 'l t
series. %g{ﬁwﬁtah%ggﬁkﬁghgﬁt i@l € double roller arrangemen

whi ch may e 'si'ngle pair of rollers 70 nentioned
above. In the double _ roller arran enen roller 600 is rOV|ded

which is off séﬂow%lw@d@@eﬂﬁwﬁ@ g‘%l%fﬁééfﬂ?%?ﬂcawa@ BIEFUFE 0510,

The punp gl e (ROPr eéb‘?;@é @Fe?t%r%e?aé&ﬁfrpﬁleéémbféeaﬂ 8Rfo¥Rifigal ABEcidl §19j/ Bee
the fluids contalne therein to cause themto nove throughout the

m cr of | ui pipeidediwhish ceundgs W]ﬂ@ngtggxg)itrtpapq theagsay gard. The electrochemical detector
20  then measures electrochermcal characteristics of the fluid in the reaction chamber, the metallic

strips convey any signal to an amplifier which amplifies these characteristics, if required, and

an indication of the presence of the target agent can be provided on the display 60.

ROLLERS

In overview, the operation of the assay apparatus 10 is as follows. The assay card 20
25 having a test sample provided therein is introduced into the apparatus between a pair of
polymer-coated rollers 70. A switch 80 is activated which sends a signal to a roller controller
90 to drive the Iﬁair of rollers 70 using a motor within-the roller controller 90 via the gear train

100.

The motor may be a stepper motor or may be provided with a position indicator to

30  enable the roller controiler 90 to provide accurate control. The presence of the gear train 100



10nmenti oned above. The valve roller 510 operates to selectively seal
the mcrofluidic channels either tenporarily or permanently in order

to preven ] X1 f fluids and to assist the reaction
descri bedwq&%reuéet ail belowin Figures 18A to 18D. I,&s]ag {)JUOBQ

in Figures 18A to 18D, the punp roller 2500 and t he val ve roIIer 510
are offset by a predeterm ned distance in the direction A and, in the

exanpl e, %ﬁ% eded Ifo?%lev@fﬂﬁﬁak%gtmsto cdueck Pdr;?te %Pf@él%@ drﬁ\b the\asday %al‘acﬂe{v@e@n

510 has a shorter [engt he pu . However, "t he exact
di mensi onthe aoltéry ipltixt divestidrod ads wikbeogxp ah@dnmorecietaelrwl%ﬂnmawﬂhfed

depencent il &Y Qily Oha 1 ARBAsAAdhehlly T8 Elst Alabéils ABNiRYBD D

formed of par ate I ng“gaps I n between
punp rol Imleaﬁdﬂﬂnuosh&jnemmmcbmelchr&nﬂ:lthm&oaslgdnd/m idisggdsace any
reservoirs. The 20valve roller 510 is dinensioned and | ocated to be

able tp inter gr\éﬂltrm.mr Ofd il @& &an@e%ie%aﬁéﬁgeﬁgm%émaﬁmdmgc

20 to enabl e those mcro l'urdic channels to be selectively seal ed.
For exanpbfghe sihgle pail vErotiers 78 meBtigned abevsi b thx émbllﬁem‘l/lm drrasmenaﬁ pump

mcroflwd ann e]2) t

ot of 1 ui e SRR RS ied bhiEh T b b Pl St lid e KM PvcHer 510. The
as shown pumtofieir $001pératels Itrewm;irés Itise ro€HByoirs hod Hapleceethé ﬂmelsic@tzﬂnemhaein '
bet ween 25t hem t he directjon A r ol 500 resses
P e e RO s S P PR G hes e G P oes
channg) S@éntiddePhveThede b5 0 ofdratésto atletielyled the micedfluidicltigannels
channel 535 into the reservoir 530, Althou h the%tdtl,lﬁ nsi.oni n %f this

Fi gure i et tepparpiixonngrmgnently ingogder rfoagfsm pxipg |tw$a1
channel 5r’é§ctio'ﬁ Augh b%ﬂ@Jan&?m‘iﬁér&’ﬁetﬁ@bél@% léfq%uie@@@ﬁ td hﬁ) m crof | uidic

channel 535 closed for the whole time that the punp roller 500

30conpresses t e reservair,. 520. /12306 S 11/ 000128
Thereafter, a S?Wll%rrl:tﬁﬁeé 1§§I§“%§1$8W‘H@ g@o”?ﬂ%}e‘&?‘&e‘f’ Vﬁﬁme
al | ow anyoff®eky A?dadétanpﬁmﬂmeﬁme Ai+egvion ¢ Are m&ﬂ@e)&ﬁiﬁiw noeebiffirba
reservoir 530. t hough the punp . roller 500 w ||

seal the krgthoin srrampleathnaplvesaller 5 ibhas g sherter éﬂns@rtﬁ%lfég plmp pallsr ﬁ‘gbv
in a | ocafihfvel AhsS@bt dilEnsTors hhd ttitdl foctiiRRethe IS rARE el Be varied

m crofluidi e channel 535 is no | onger
dependent on the layout of the assay card 20.
Each roller may even be forrﬁed of a number of separate rollers having gaps in
between. The pump roller 500 is dimensioned and located to displace any reservoirs. The
20  valve roller 510 is dimensioned and located to be able to interact with microfluidic channels
routed on the assay card 20 to enable those microfluidic channels to be selectively sealed. For
example, the valve roller 510 in this example will seal any microfluidic channels within the -

region 540 whilst leaving any microfluidic channels outside of this region 540 unaffected.

Hence, as shown in Figure 18A, the rollers 500, 510 have a fixed distance between
25 them in the direction A. As the pump roller 500 compresses the reservoir'520, the valve roller
510 compresses the microfluidic channel 535 to prevent any flow of fluid along this
microfluidic channel 535 into the reservoir 530. Although the dimensioning of this Figure is
not exactly to scale, the layout of the microfluidic channel 535 is such that the valve roller 510
keeps the microfluidic channel 535 closed for the whole time that the pump roller 500

30  compresses the reservoir 520.



5seal ed. Accordingly, fluid will be emtted fromthe reservoir 530
along the mcrofluidic channel 535 but the mcrofluidic channel 525

will be Si%ﬁé E]Iqa]iz%ﬂqr event any backfl ow towards the resgéﬁg)&fmtz&gga

As shown ure 18C, the conpression of both the resérvoir
and 530 by the punp roller 500 has conpketed and the valve roller 510
retains the mcrofluidic channels 525 10and 535 in their cl osed

conf.i gur at i oNSypereafter. ad thoWn! i}épggreaq@@r ggio_wi nly R&fuired Eeléﬁ&@ll?ﬁgny Feaction

sel f sealing region 480 may be provid inthe VICInItK of

| ocat i on wfprodeed, iz musnpr wllEey0030Mpienses He rpsseioin 5A. Allawgh the impueler 8¢
in order [ r I ] 1. i i . -
Lacart o SENERI MBS 20 8 e Gl Bl S5, SURINELSIer ) SAq R ina
t he assayloagjpanataabtht Oniwloilaidic chiuareh§2S anidtthe mivekefluidig claunndl 385 asrdyngear d

20 to determ.ne its location and .to provide contral sighals to...
contr cﬂd t??éfgﬂp‘g?cﬁfq?’%ﬁ{y’ u“i Wg] l?ecﬂ“f“h‘?%gom the resegygir %@ffﬁo&g ,e’BWéOEgyd‘ﬁDr e
phot odet egafhe 58RButliRe RicPONEEE chaRAlF26twiNBE Sdaled @ Bedé anyBbatk Qo kowdién
an aperture in the_assay card 20 is sensed. The different :

phot odet eBe §55¢VRly2he 20used to generate different signals such as
pausing for different anounts of tinme, causing the assay card 20 to
be heated, vi Asadhedna Figulzj I8CE ted comprbdiar ofdiotinthit tservelrafdOnmd 3p@ by trees

in the assay card at approprjate locations will enable.signal

be pr oducab iers0drstuRaRes bt G Severtist ol mains hsoReahigic epnds 55
assayirarshd235iother cRAcE@AfikektiaRPr opri ate amounts of tinme to enable,

for exanple, reactions within the assay card 20 to take place, or to

be heated or vi.brated at it . ropriate ti. to f.agilitat .
Poattron O AW PERtcRed D BRALIRL 3P oliFrchbn 486k babFovfheq in e
it will bédciappbofihe &icetibr dfake wabhye raigarsapiin i @ositicteshiong imBEighenli8Enn weder e

i ded whi ch i des f _mechani'cal ical, electrical,
agnet | ¢ BPaRY e SRTRRSAFANRE Lot 0F>-si gnal & {1 om tne assay

card 20 based on its relative location within the assay apparatus 10.
WO 2011/ 1RGOSUPESESIRG11/ 000128 29 HEATI NG Fur t her nor e,

el ectrical contacts (not shown) nmay be provjded which contagt w.th
heati By el emerf?Rs §imgresEngers £4Pésm1§9red5?ﬂdeﬂmn theessy) wpgeidOahethent s

may be copidfuna iddexing bh afetasiy tchrdid08o akeflind fdlocARRELAG toSprifigd cddne]
assay card 20 reaches a desired point during :
signals to control the operation of the rollers.
For example, one or more photodetectors may be provided, each of which generates a
signal when an aperture in the assay card 20 is sensed. The different photodetectors may be
20  used to generate different signals such as péusing for different amounts of time, causing the-
assay card 20 to be heated, vibrated or subjected to other stimulus. Placing apertures in the
assay card 20 at appropriate locations ﬁill enable signals to be produced by the photodetectors
to enable the processing of the assay card 20 to be paused for appropriate amounts of time to
enable, for example, reactions within the assay card 20 to take place, or to be heated or

25  vibrated at the appropriate time to facilitate a reaction.

Although photodetectors and apertures are described, it will be appreciated that any
appropriate indexing mechanism may be provided which provides for a mechanical, optical,
electrical, magnetic or other means of providing control signals from the assay card 20 based

on its relative location within the assay apparatus 10,



5processi ng. These heating el enents heat the assay card 20 to
i nprove the efficacy of reactions within the assay card 20. A

det ect or contact thernoneter or an infra-red 4 06 l(got
shown) m%@lﬁ?gﬂwto provi de feedback to control the ?‘gﬁn%(?rba{?l?gez of

the assay card 20. This tenperature norpgtoring could be perfornmed by
the optical detector 50 nentioned above. 10 Although electrical ‘
heati ng elgR®iics are described, it will. be appreciated that any
sui t abl e neans of heating the assay card 20 nay be provi ded such as,
for exanpl e, haathermgore edeciriviabeontactsi(notish@vigssaybeqppadeait wischl€onvdet with

receives the assay card 20. I ition, a.detector, such as. a
ot oo chaps SRt BhEEa breveerted Mric AU aRe TR e SiRuding.
of a fl ovedtRyaith &e aldtlrid] dohtadatheh ehetlR &g URIIQ 0t rBRhEL2Eds redpsihaiubiag
fromthe 15inlet port 180 to facilitate | oading of the test sanple,

as will bEOBRSEEE| bed in nore detail bel ow. Upon detecting the
presence of this flow preventer, the pair of rollers 70 may be
prevent ed fr orTHees hgtiag tlemtsis hta theraessg rhrd@ana geprs ucthe affichey eftreargomf

the reservpjrs, chanmbe r.mcrofluidic channels. In this exanmpl e,
the r eage N JheAe| catd 2y Ard5tceis Siehas sRanGE TmpRaehthan B FRESEFDT os
of 20t he messHolvaiinag BERRAI1S bRRide fecddBRLItE 8ditloPihe Edhantfire oftHeAsdali@ard 20,
optical properties varying In dependence on the concentration of

target agBHE tSRaRertHe poaiterang coxldns nerforprd by threontisaldetretor 3@ meationer ghosg- -
with {die Rﬁﬁdl@ﬁhle\%@féﬁl%aﬁ% Adterkfe QREIGA it 981 66 hrecPled ﬁqﬂ%?gﬁita%i%'

properties of the conposition can be detected and processed. ]
provi de ‘amedns@f beating thegsay iserdpi0anarearotidadsach ay fuexapenthegianefhe void

di spl ay G‘Q,]élgﬁ%é}???}igﬁﬁms IUWhiChE%%gJSI?%% ﬁ%g.al, #ﬁh"z@_t es an assay card,

general ly ng to one e e assay card 20

conprises a substrate 110 which isa_|anm nate having an extruded '
t her nopl ast i ¢ Inggdtion,gdsteion.chch ssgdatodptaden isgrpddedinot showghwhich detects

m crof | ui g me?ﬁeﬁt‘%'o? a 8% prévenRR GhichTs GRAMRRLoupIOhe Rhcfon\@aiBelChcH BR

190 are provi , collectively referred to as an assay arrangenent,
30as 13 | uinlet peré 483G te failitetedeading ofithe st gample. s ydll dadescipggd in more detail below.

2011/ 123 : / : i
thor mof or UEeT SRS 16 PR CEp ! ST prEVLHCRE phi 6 ERBL 98 i LE e
conpr essi fobre bbyg tatteatpdiorprefent dantage suchGus blmstinghefshercssrpdiss, chiamdbes air e

provided fiv L gagent reservoirs, each of which contains a different
icrofluidi¢ ehannels. .
reagent. can bé Sseen, the reagent reservoirs 120 to 160 nay be

different sizes, dependent upon the vol unme of ) . o
In this example, the reagents are selected to cause a change in the optical properties of

20  the resultant composition in the reaction chamber, with the optical properties varying in
dependence on the concentration of target agent within the test sample. When the aperture 30
is aligned with the optical source 40 and the optical detector 50, the optical properties of the
composition can be detected and processed to provide an indication of the presence of the

target agent using the display 60.

25  Assay CARD

Figure 2 illustrates an assay card, generally 20°, according to one embodiment. The
assay card 20’ comprises a substrate 110 which isa laminate haviﬁg an extruded thermoplastic
layer into which reagent reservoirs 120 to 160, microfluidic channels 185, a reaction chamber
170 and a waste chamber 190 are provided, collectively referred to as an assay arrangement,

30 as illustrated in more detail in Figure 3 below.



5reagent to be contained therein, and are | ocated at different

| ocations on the surface of the assay card 20'. Typically, the
reagent r | 120 to 160 are done-shaped or cyli nggi

reservoi r%@ﬁ%o\r@yrsﬁﬁr?ay contain a reagent sack (not shovmg?n\g}\ﬁ%ogﬁm%
cont ai ns ‘each associ ated reagent. The mrgagent sack provi des
protection for each reagent fromhumdity, |ight and/or 10 oxygen.

The reagent sapie &trigedaRaoBRsEANNERY B8 inITRRIH 3GThUREai@bf 4 DR uaSS Elese
card since no | oose fluids are present. Also, by retaining the

reagent s @xirudpdbcamaporents prggompresnible by &ieipaired rollersaibo Infbis cxmppls, there jarg s
smal | and_t hi LSn: - ' t I
R N s T e
posi tion ihE rdagentresaryeis 1 2kwdI60 may de Wteren sit&) dependdnt upasthy valamd 0£ 0!

I s determ ned by the order in,which the.reagents. are jntended_.t.0 be
dol | vet ecremsiphereopBief s nla R 60y M FERAFRNBigk e bELFRAR LS,
card 20' 4ssay dateraied- to be drawn into the assay apparatus 10 in the
direction nmarked by the arrow A. I n other words, the assay card 20
noves relativ I 1.0 L h ' A ' .

eagent o are. QRPALE Rapdt ferol R0l 16 e W 1458 B it Bk
associ at edsarvair cfahibediney cdngain e kengdrl Sackg notishoweagach congsiesreach aso@ated

W U nst andeHs e BREEH A ale et e e Bisgd REmIRTRR o oM 2 &

conpr BB S egky g0 lhe wedelt KadkeR@entbleLaisiént mbd@actiReT tHeRRGE thrd sBiwe MY Oi I
140, then reagent reservoir 150 and finally reagent reservoir 160. |f

t he assayloesgriBidsgre pesert- s, bR fE21p1g theseagents in B sa¢ks Inadvegighiguepping is
speed, theRide@a8RAkadkES ShMPAdd thia0TASsaBI0 RS 3RE udn the BRichiof tHe888&8 o
reservoir 130 at tine t2, reagent reservoir 140 at tinme t3, 25reagent
r eser voi rengblg injection pé thegeaggpidntodhgspationsBapiesi r 160 at tine t5. In
that exanple, different tine differences occur between the tines at
whi ch each r eaeipokitibR 6Bty Riaferit SesebRE EXFOJ 60 3h GReseg lchd0Y istdeteBainedn
be varied bx | ocating the reservoirs at different positions on the

card 1 tiethepideeinwohnthe segents g intended fkapegyere e tereaedon chamber 170.
Al ter nat i ey exa?«me,t?t)b{doasg@ da¥d 10; isgih@eﬁaécpts be ulsaﬁm iho tpﬁasggp{pgsﬂaﬁﬁsqd it hat

the delivery tinmes 30are varied by varying the spee e rollers

or eygn sdirspiiomgatkhd by Biclagpw 4.dn ofher wods, the assinesrd Ziarovenredativa fybrent
\B\;)O\Z/I()li /S 11](3%-5 %@#ﬁ&%&% gg:g%r?%ﬁﬁé%ag‘éﬂﬁ Gre delived MR RLORN ddmbdie

170 via the associated microfluidic channels 185 as the reagent reservoirs are compressed in

20 order which pumps and seals at the same time, withstandin'g any backpressure.

First, reagent reservoir 120 is compressed, followed by reagent reservoir 130, then |
reagent reservoir 140, then reagent reservoir 150 and finally reagent reservoir 160. If the assay
card 20" is drawn into the assay apparatus at constant speed, then reagent reservoir 120 is
compressed at time t1, reagent reservoir 130 at time t2, reagent reservoir 140 at time 13,

25  reagent reservoir 150 at time t4, and reagent reservoir 160 at time t5. In that example, different
-time differences occur between the times at which each reaction reservoir is compressed.
Thesé delivery times can be varied by locating the reservoirs at different positions on the card

in the direction A, based on the speed of the rollers.

Alternatively, and typically in practice, it will be appreciated that the delivery times
30 are varied by varying the speed of the rollers or even stopping the rollers for periods of time.

Such an arrangement provides for a much more compact assay card. Also, when stopping the



rollers provides a stationary hydrodynam ¢ phase which is useful for
providing tinme for biochem cal reactions, particularly those which

are sl ow sighy18%30d40r exanpl e, antigen-antibody bindi ngere20thbdoizl SO
be explained in nore detail below as each reagent is Introduced into

t he reaction chanber 170 to react wth ¥he test sanple and any
surplus fluid is 5displaced into the waste chanber 190 where it is

retained Eoﬂ@ﬂs%dndés@)éta@ﬁna%@ﬁ?drbdsﬂianﬁ@ﬁ}%é whick laRefabfod pidagttime for

mat eri al . appreci ated that enbodi nents nay provi de

for two o?loﬂﬁﬂ‘écql ecaam I? aglyithase pdiichaprs Jewsuch ast fop gxapnls; apigens e
| ocati on aﬁ.bwsaﬁmalpg ASHHCl @ RS« ﬁﬁagﬁmoér&aﬁ'b@w 30eRN $daYert ect ed.

Furt her nore be apprecia ed t the length of one of the 10
reagent cinntherd 1m;hee$<atcemdclfauﬂthb70 tb oceat with thedest srampl¢ and anbi awiplys fiidis

t han }%g ‘ @%}H%(fefi éxlﬂo & Iste célcﬁabgrq(@o%ﬁl%%l gtglﬁle(? %gl%nﬁ fé)fan d&@%gﬁﬁﬁiﬂtéﬁal

be in n ron-of ano
card 20' ﬁﬁkab@pﬂpﬁmmﬂEﬂMMAth an inlet port 180 and aperture 30 as
shown in Figure 1. In this enbodi nent, the aperture 30 enabl es ‘'t he

opti cal propert{ap, ol Rdd Mét%ﬁ%‘bgﬂeﬂtsjrﬁygﬁo%@ e

measur ed. However anot |c coupling may be
provi ded ntesxema;hiemgdma@ddem: txdctipthecamn dehii@rsolkdt Weesassaxinted reagents are

el ectrochemn tect vi ded he react an
ol 1 11 or o B BLMEEE, i Ml WarpfRitea e BRARA o I 15,
i's coupl edagent thahibersmefcixtedd fartemuevards e reacaloa charabenf] I70|t}ﬂn¢heod1hmmebrder
185 as shown in Figure 5A. .As al so shown | re.5A, a.narro ate
210 e T oPHRge Pop RIS SRR DL OR M o ofige! em%ﬁnﬁﬁm@r&% ed
using a h@ﬁ&ﬂagjtechnlque to decouple the reaction chanber 170 from
the inlet port 180 once the test sanple has been i ntroduced.

Alternatively,.a furth oII r _or.othe res evice

Lo L Yol TR S R0 B B8 pRicRh N R SR At B T o i
t hen r et afipudetiSIndisiehibodinient, sieadpeitiive 30 Rhatlesply dptitAGropitidi otidle ﬂditi?thhm
assay. car s 20; homn as Vi ng one ssa rran

25si d& of! ?FF@C%‘U'JS’?P’E%‘O £ feggured. g]gwéb%r ‘é‘@f‘% ’cm% ém?‘malﬁ SR ng
assay arrapgsdRolidsdd dA8bIRER YiettEidal RBnRRGKSh Bk aﬁ%{edtraaﬂmadmetéda&s e
assay arrangenents may_ be provided on nore than one side of the assay

card. Thirovided i tesweastion chapbes,d Zfpndan amplifisyplthe assay arparatistd bp RS m
multiple tests on the sane test sanple (assumng the inlet port was
coupl ed Wi th rlHetihlpl gorf €30GS tcupledvatbie faction dhimb&ame visasmickefluidic channel

per f or med on nultiple te anples, or a 30_conbi nation of both,.
our se. | IBNITOH P BHTE Shah s 600 FE N E T Y AFTANEELE? iy agiin the

addi tanahicaituidiebhanAsl 188 SwiBEima 8c Silddaming ddkAfoéchnique to decouple the
reaction chamber 170 from the inlet port 180 once the test sample has been introduced.
Alternatively, a further roller or other compression device may be provided to squeeze the test

sample into the reaction chamber and then retain its position to seal the inlet port 180.

Although the assay cards 20; 20’ .are éhown as having one assay arrangement on one
25  side of the substrate, it will be appreciated that more than one assay maﬁgement may be
| provided on each assay card and that these assay arrangements may be provided on more than
one side of the assay card. This would enable, for example, a singlé assay card to perform
multiple tests on the same test sample (assuming the inlet port was coupled with multiple
reaction chambers) or the same test to be performed on multiple test samples, or a
30  combination of both. Of course, it will be appreciated that the assay apparatus may need

additional optical sources and the optical detectors.



WD 2011/ 123064PCT/ 82011/ 000128 32 LOCATI ON | NDEXI NG The assay cards
20; 20' may be provided with an index hole (not shown) to mark a
starting RE§hdinRsBoef the assay card when entering the pelrlsebdiiedoizs

wi Il be appreciated that a starting position of the assay card may

al so be determ ned by the card bei ng detected when 5entering the
rollers by activating a sensor on the assay apparatus 10.

Li kew se, LokeTRsdayegaicds -may be provided with apertures or nmarkings -
such as a linear encoding pattern (not shown) which are sensed by a
det ector on t hElaasaycaaisRar 20°usaylie provddedseith droinfeddbaglt hosn) foonark a

e ror | cREnE gD ehbESOR PhoT e RS i howtie e B

in the di seging@Bsifon 6f thé hsssy ¢6d 4@y Bko p@aa&mmi 1fthé beed besEdstedtédwhdror
exanpl e, the apgrtures may. be | ocated al ong the dotted | i nes shown in
Fi gur e 2 Brerngipe rllees by aSEYRiHe ASEASOT Poihe AFAEY 8PReratess! Oal ong the axis A,

dependi ng on the particular |ocation of the photodetectors.

Fur t her nore, thikeapertheiwsy cods rb@ her poovidelwislt apgirthfes oembrkings abidhoisa linear
al ong an axi ener aII ort hogo to provi de for

et ust | onSpdiaR PR e ol bt SR regse B oo o ot PR b
a di ff er efided 4@k §b§ﬂ@{ infdrRbtiéh@ AR Bllerl LS 1P DOl BPRIaRE iR 6§ief7ﬁ)§tck;ﬂhe
provi ded. Actuation of one photaodetector causes a 5 _m nute pause,

second calfdles, apeitgresingyte Pyidsd iathg cardiiying pesdtiensdn thegiresHomp éel%saaéfé
Equal |y, # OBB&ESQ%E&%&&G&SW eREmME afe £&n9§btgr | gq’)% h@c%te@%fo‘ng% dofted

occur such &s, for exanple, actuation of ele cont act
vi br at i onliegs shewn msféagfre@an'é,prddmemad plifisgt from thess dipescdont, thoes 4, dapending

will be a ﬂh@%h@j‘c fo@?to tog} {ontle Sicgnal s produced nay be

progr ama fe part| cul ar type of the assay
card inserted and may be sel ect ed elther t he operator or by
aut omati ¢ det SHrthgFmeredhe aRerivFeg ey ths prayided ﬁédlé%gea&oe%wes plangjagxis he

assay ap pgé'n@;a‘}’i?, oi"tgo dI:llang e a?klé A ltd’ {nﬁE for a@tu%df@ﬁf&&t%ﬁ&gdét&%@%ﬁay of

card 20; say card Is a nate conprising a
subst tat ewhigh mayzmndet a)dl\ﬁﬁqreohcqnyomgf@b dr oaexan@ﬂmteaﬁtomdeleaﬁp@rmmls

The ’.theé\xﬁ}?ﬂh&‘%&dt&anoﬁ‘%%ne%%nﬁtedd&ggtpfégdg bs ol SOt fp‘dpéeag%&o{d‘géu@é)s Astic

mat eri al IS CO necessa y“elastic SUC as,

for exarrpinhmqmﬂuwmd;dthu*dnbmsbmw polugraogy | ene, pol yet hyl ene,
pol yet hyl ene terephthal ate,. pol y(nethyl nethacrylate), and the I|ike.

The ther nopl aSEc%LFdll} 6}}{@15hc%rﬁtéct%réc BEYBuded L GudARHY R Ao kS b&Hr iRk as, for

enbossing to
example, actuation of electrical contacts, vibration of the assay card, irradiating the assay card,

20  etc. It will be apprectated that the control signals produced may be programmable and selected
based on the particular type of the assay card inserted and may be selected either by the
operator or by automatic detection from an indicator on the assay card read by the assay

apparatus 10.

Figure 3 illustrates a section through the assay card 20; 20°. The assay card 20; 20’ is a
25  laminate comprising a substrate layer 200, to which is bonded a thermoplastic layer 215. The
. thermoplastic layer 215 is formed from a suitable thermoplastic material which is
compressible, but not necessarily elastic such as, for example, poljvinyl chloride,
polypropylene, polyethylene, polyethylene terephthalate, poly(methyl methacrylate), and the
- like. The thermoplastic layer 215 is formed using vacuum-assisted hot embossing to form
30  parts of the reagent reservoirs 120 to 160, the reaction chamber 170, the microfluidic channels

185 and the wasfe chamber 190,



30parts of the reagent reservoirs 120 to 160, the reaction chanber
170, the mcrofluidic channels 185 and the waste chanber 190. WD
2011/ 1230 11/ 000128 33 A hol e may be pu h

t he substrg";kf@-[gg’gg%nd t he thernopl astic sheet 215 at tﬁ@g%gﬁ%ﬁﬁgte
| ocation to | ocate the aperture 30. Suisgabl e wi ndows nmay then be
sealed into the resultant holes, optionally with a sensor disc

| ocated t her ebet; MiHels o5y 4RL Qlbaese b JHRIR: AlehRblashieliRi 215 ot
SAMPLE LQADI NGg Eﬁ%ﬁ??& Hlet V\AST%EMEe appreec(lﬂ)ate' that reservoirs. ?
coul d be theepproprihtadocationde cato therapsiad 39 Suitablawindopy andy eendreessalad wto
whi ¢ch enables fluid to be drawi . ' 0 R

be descr Beieplithitet Gefdhefll s TbRoRIRE RGN R ALE B wlbpdbeplaidith
ar r angemembreafetadi bekser voi r 400 provi ded on an assay 10 card which is
operable to generate a negative pressure. Such an arrangenent w ||

typicad |y islgd at an inlet port 420 for |oading a sanple into
t he a?saysgg%,lg%lucﬁ.as the inlet port 180 nentioned above. The

reservoir 400 ARE,itWISoetippREiblet @i rR@NPELHBIdLE FFBIBRI wiafieiraBb@pressed to
foll owing a conpressi.on of _the reservoir 400, to expand to

subst ant | BIPy NegAfive PEeStuiR WhiHgRablesithd tophg drasy it Rartigylar resians 2§ Biilf "0

may be prvidgtewit fok &RaNge-1ike structure 15 therein which may
def orm upon conpression but then expand back to its original state.

The reservoir 400 i s.coupled with the inle ort 420, via a,conduit
such se g m el AR inarapls anangement o teserviir 4 W nad B ey

400 tm f agrd Whizh & dRaMlang gblerdtd @ nkQbite SrR8R0NE SWH dn Jn@Medaenew ] @hiesith: be
20At (i), the reservoir 4(%0 is conpressed and any contents, s‘u&?eg}%

air, are BRpded danineiqegit20der lpsing 2 sgmle imtaghe pssay ¢eds spdyasithein

channel 44} nentioned fMové. Tht resBrvbir A ﬂlcﬁidg{'a ﬁﬁlieﬁt@Bmﬁ?&@?&&%gmBeﬂ@%ﬁable, .

sanple 430 is brought into contact with the inlet por

At (H ) tlollowing atempressier oiihe resguois Ak eiexpanditai supstarielly veverse el e 430
through t0c faGRANAEx4 e,qgéﬂreﬁerwimgngg}gb{}gmymh g‘%%tnﬁe-like strfchbir e

16 illustrates an exanpl'e “arrangenen eration o e Inlet port
420 for rthereinavligh thp défest upangimgrasSion hutaberdixpand teck toeitsanigirdd stetet The

The inlet port. 420 ma e .an,ex I the inl.e ort - t] .
Thover SsSeldin dods FRpEGR0nE KiRoS 430 xlaltohMi budiihh bRl naRg]
with the 4®@servoir 400. A microfluidic conduit 435 couples the 30

m crofluidic conduit 410 Wth, for exanple, the reaction chanber 170.

A removabl e s q%eirﬁg)n of the reservoir 400 to facilitate loading of the test sample will now be

explained.

20 At (i), the reservoir 400 is compreséed and any contents, such as air, are expelled

through the inlet port 420 via the microfluidic channel 410.

At (ii), a liquid such as, for example, a test sample 430 is brought into contact with the

inlet port 420,

At (iii) to (v), the reservoir 400 expands drawing the test sample 430 through the
25  channel 410 and filling the reservoir 400.

Figure 16 illustrates an example arrangement and operation of the inlet port 420 for
receiving the test sample 430 according to one embodiment. The inlet port 420 may be an
example of the inlet port 180 mentioned above. The inlet port 420 is coupled via the
microfluidic conduit 410 with the reservoir 400. A microfluidic conduit 435 couples the

30  microfluidic conduit 410 with, for example, the reaction chamber 170. A removable sealing



WD 2011/ 123064PCT/ S&2011/ 000128 34 device 440 is provided to
intermttently seal the mcrofluidic conduit 435 to prevent flow of
fluid to 5“?mﬁﬂ@ﬁ$&@n chanber 170. The renovabl e seal i pgrEexhfsofAd0
may conprise a clanp which is held onto the surface of or passes

t hrough t'he assay card 20. As shown in (i), the clip 440
remains in place whilst the sanple 430 is drawn into the reservoir

400 in t hg.@RMa0Ls FBRHECHRlcARAY R LY seal the nﬁEﬂﬁhﬁ‘(ﬁE bﬁfduna‘ss {d pravent Néw of
m crofluidic conduit 410 is seal eg'elt her é heat - seal i ng, mechani ca

seal i ng ofluigyo theacagtipreehapbes B Theremersiie spabingdavisedl anay sompgseraclamp
bel On led, th
el ow. Ongeih emg{teiﬂe%%% o??f‘?éé%‘% &I%éngﬂé all 5;?6 ogl ed, the

renovabl e sea evi ce IS €n es the reservoir
400 to be coupled wi th the reaction chanber 170. 10At ("'% t he
reservoi r 400 HESho3mpR @ <beelinid8 remripsinplace whistthy BUHHF 130 drawn into the

m cr of4 ui QkGvaPMHnithfhSnRnetide@asent ed from escapi ng through the
inlet port 410 by the seal ed nlcrofIU|d|c condui t.” However, the

e et han e 4y e mrepeiigie el Ao shalfh o eTy ﬁe@i-aeéifl%n of

the reser M@éHam%ﬁlQeﬂmg P66 tHe aﬁhédiwseﬂmgl&hamaé ﬁiehﬁlfhe@ﬁn Figt@dl5 bBIolv@ On&@
placing the assay card into the assay apparatus 10 or may occur

activat i oﬁheavcrpﬂ@dmop@rﬂs‘lWﬁ@éb?%ﬁl%&wmﬂmlwé‘%ﬁw éﬁ%errem\sed

10.  CHANNERs SEBles N reservoir 4d0r’£0 113 Q&Ipléd%lﬂf lﬂé! keiddhhbanab, control of
the flow of fluids within the assay card to prevent, for exanple,

pre- ing or l'ow i nt revi ousl e I ous

rechalfl sme. ar Xt o gtterh do el dpﬁg‘@ o R ot dhe Bio fise
m cr of | ui ¢in@ui€ aTwbtittafe OEEntEd Groad éédil}ﬂlilglthf@l@ﬂ tﬂetlﬁlemrm 0afyahe @dle@d on
the assay card to interact with the rollers t elect%%gké seal ed.

and unseahisgoiiidip gendugt fHayever. thasabgence ghthe shp 6?%?@9@? the Ty wlewards

card 20. thereacncﬁi Gdf®erlfroi | | ustrates a sealable conduit. In this
exanpl e, the seal able conduit may conprise any of the nlcrofIU|d|c

channel s 185 f on th card. An hesi ve. be

e her o7 PP S Sbrdctecl e e EMpress R ofME Fespiir AP mif gl pitier 85

In this e@ﬁﬁmbﬁofans@ghe&b\p@ci@ymmdy daREinfoahenhy @p@ﬁ?ﬁ!{lﬁnﬁhﬁgdgcm tby
(0] e supstrate

adhesi ve tagpe. (nat. shown ovi ded on the surfac

| ayer ZOOaCt‘ﬁ?tlog‘rOftﬂE? ohgs Pﬁ‘@r’ﬁ%b‘fegé’flﬁg‘ ‘Bﬁ?@'f‘y 3PPBTALS; ﬁg pl aced t hereon.
When the mcrofluidic channel 180 is conpressed, in this exanple by

t he noven€nanneL $rxaiv®l | er 70 (although it will be appreciated that

t he channel coul d be pinched between the fingers WO

7011/ 173064 PCTnardentoprovidy aditional control of the flow of fluids within the assay card 20 to

prevent, for example, pre-mixing or back-flow into previously-emptied areas, various
20 mechanisms are provided. These include providing self-sealable microfluidic conduits and
microfluidic conduits which are routed on the assay card to interact with the rollers to be

selectively sealed and unsealed at particular times during the processing of the assay card 20.

Figure 15 illustrates a sealable conduit. In this example, the sealable conduit may
‘comprise any of the microfluidic channels 185 formed on the assay card. An adhesive may be
25  provided on either of the opposing surfaces of the microfluidic channels 180. In this example,
an adhesive layer in the form of a double-sided adhesive tape (not shown) is provided on the
surface of the substrate layer 200, prior to the therrnoplastic layer 215 being placed thereon.
When the microfluidic channel 180 is compressed, in this example by the movement of the

roller 70 (although it will be appreciated that the channel could be pinched between the fingers



35 of a user or by using a hand-held roller or a pliers-type device),
the two surfaces contact and effectively seal the mcrofluidic
channel 180. Figure 19 illustrates an arrangenent of a seal able
channel i Wh#EIdWai . An adhesive, in this exanpl e dtiF@ILTHEES
adhesive tape 450, is placed over eithgg the entire surface of the
substrate |l ayer 200 or just in required | ocations. The tape 450 has

slitted h 46Q f X=eT:d iheal . ' lgtih @
When' the CHorebaYaRnEEtahd Gt er bUERIRAL b, WicRE oI AR cBhaing
cr eat ed i effacheciyrbant the Imi¢rdfluidlvhanmel 18her e no adhesive is present and
regions 480 are created in the mcrofluidic channel where the

m crof | ui di c gnaRpes il%ﬂat%ﬁ%%g%enmﬁﬁbl?gﬁﬁﬁy i%dr%%é&i%&%ﬁesive,

10Figure 4 illuStrates an exanpl rocess for performng:

mul ti - st aigehis examplodoubleagidadeadhesivedreetd0aik placedhaisr pithse the snting suriece s Sy

card ] ﬁ]g‘{q r . I %’@ i S
dr am%?n}[,\%‘t"%}haté@@}’ﬁ??aér I ﬁﬁguttuﬁg(% i“gat\‘/ﬁ% %,hﬁ%gﬁzgﬁgﬁg Eést ?@eiﬁggsr es qfdo
5C. As i | thesin; 8piedlly by gy beas ablatian Ve thd thentophibtislayg2é5 2G0aced theheoas
a bl ood sanpl e).is dr .into.the.inlet port 180 and flows to the.
Bper tur e 3o T8 P inge Ridiud® sitomBl orsit 1R e t PGt Fadfigions
excess of430hee treséd HaiPmerailifidig oemntlovichethvandreflgibie thahe 1A be Abdlal.
the test sanple 200 is drawn, a gate 210 of m crofluidic channel 180

is seal edEthgT(LtkyO;mth_legNmsrsgrseal er provided separately with
1t.

t he sanpling eturning to Figure 4, once the test sanple

200 hgs been sgaired ilidirfied Lfedmd r&@gsdfozperfdrﬁﬂ%atrh@masﬁ%ayea@ﬁarﬂm&%i,s
| S

pl aced into the assay apparatus 10 as shown in gure and 7A. The

20 react i rpndpriakse pharypropessipg geantey ganded with thoaTsaN #PParnIsHRob Jier2lP, the
anti bOdy1t_e%t3§§‘h€l@|i§ Habh BYS ﬁ'@ﬁéax‘a,r‘asg11§§ﬁla&%§&1ereﬁ§en¥\é !olpigﬁeﬁﬁé&{ jded in
el ow. Th S f

nor e det al e assay card 20 rawn through the pair o

rol | ers 7Austratedtie Figiures 54 and SB, thattést sangpdle 210e(puch 29 a bided spraple) isddraval inter s
70 conpr . V7o) i

t he reag gﬁ% m?:% ﬁf’ @?%‘Z%“‘f‘?ﬁ“ﬁé Qt}e(aa@gl?h\alrg?? Erﬁ% r%%g%?%&@&%%ﬂﬁ%ﬁéme'
reactlison Aiesksess of # t¢sosdnipis PO dves tecthe wasterphhamban 890 Mfterithb dasnchnipde 2k is

25agent, such as anti.gen,..as,ill rated . in.Figure 7B. At this
crage. 1 ISR e oBRiichEhiaB Rhpe! S G el bhbE oo il sheli
st op conpiretigdd/scharateyabitiethe banplaglkitng ta conpl et e. : The assay
card 20 continues to nove relative to the rollers 70 until, at step

S30, the enzyng,.| al : t .S LDj f .
Ceservor v 130, A AE I AR, YRGS shBbEDG e BeBi g RNy card 20,
ant i body themitls agsay tdré 2Qistplgped indilelassag apparaedh) adheweth Rigurtth@and 7A. The

ot uckur e<3Re PR L1 R oo ran G 3o el e B o hbisallyproviced
ant i body.onAgaubstrat@ds willibs dedceiged intriee 8RRIEBelOw. THY1sF cardH0 is AlabariBrodgh
gg?/m{ S? g?tﬁe Sgir (mgﬁer;g % insthg Birgc%gl? L&e&n%k,%t étgp 2n0?!t)hle%a}rr(]) rJll%?sC%Ol c?)lr':lptre%s the
reservoir 120 and the test sample 200 is washed by the reagent contained in the reservoir 120
being injected into the reaction chamber 170 to flush the test sample and any unbound target
25  agent, such as an antigen, as illustrated in Figure 7B. At this stage, the speéd of the pair of

-rollers 70 may reduce or movement stop completely to enable the washing to complete.

The assay card 20 continues to move relative to the rollers 70 until, at step S30, the
enzyme labelled antibody is injected from the reagent reservoir 130, as illustrated in Figure
7C. The enzyme labelled antibody binds to the antigen which is already adhered to the

30  immobilized antibody on the substrate creating a sandwich structure: antibody-antigen-



The assay card 20 continues to nove relative to the pair of rollers
70 until, at step S40, the reservoir 140 releases its reagent to wash
any unbound anti bodies, as shown in Figure 7D. 5 Again__at thi

st age, th@’%bﬁéé@ng‘?“ the pair.of rollers 70 may reduce BFT%S%P&HEWPS
stop conpletely to enable the reactionjgo conpl ete. The assay
card 20 continues to nove relative to the pair of rollers 70 until,

at step Saffibody. RAGE A thisStabEt | 6fft9e!71![;éi, 16 B39 P inay RIABEV S thovkafdnt A&
also illustrat'ed 1n Figure 7D. gain, at this stage, the speed of the
pai r of remindetelyToenable therpaettondp compleitent stop conpletely to 10

enabl e the reaction to conplete. The reagent nolecules react with the
enzyme to geneTitasdy¢BidRSoRiaRs td bR RRECNHRhOPaiPofGONIGY 70 GE G tep S40,
Accordingly, it can be seen that the reagent reservoir 140 engages
with the PHareseypirdaf redsasesity reageniie Masteaiy yndpundaatbedies, achgwn in Figure 7D.
reser Vi 1 AJ20. ot HVEYR! thelsheetiok the Pir BPRIBA AURS bRk of RSlEmMt sopbe 2
peri od- whe t’hae asso%’ afg%eer ggagg tlsr vmﬂlnl% be nSalg/rml t-ar?eousl y re‘iogased

i nto the dommieielyitoenabledhbreaction@e complete. The assay card 20 continues to
nove relative to the pair of rollers 70 until, at step S60, a washing
reagent is relppsgeéychRMIRAENRREARbvd BREVYRithe filof rBRE 70 uil, dthiep S50,
stage, the speed of "the pair of rollers 70 may Teduce or novenment
stop conp? Begdnyisgeleasad fom the wage raseropir d 80,@s alse Blustratobmiaguge SRy Again.cit
20 cont i RS0 (D 8L p¥iPot Bt 90 RAY St Qopy Hirhglete B
step S70, theatgvxii nd%ﬁ/e%g} a{anlng W}tﬁ tﬁ%yé%ﬁ%gﬁ%{)r angmg?]%jg%hlﬂgelgn%

t he ol i cenablddheaetation 5Dconpdetelifhsneagentohderulasheasywith thetengymemehemnte

mat eri al slu;n%edceetnectﬂgidrets% ger(())rvaic%iaougnhainndi cation of the concentration
of the presenée ot H_e ‘igrget agenf Wethin the test sanpl e, as

illustrated in nore detail in Figure 8. 25Figure 8 shows an exanpl e
anti body i nmobhqeprkinglys pioran bg seeRdha fereagent rserviil kA9 engages withdee painaf,
for exa | . rat.l I

ant i gen | iaesa0 i@y cAfic i ARERBRAIIR B0 ARelF ARl AERechlzy da
The grey thevatill ban pereodiebangheasstniatechreagants eilll besimultageodly relngbed gite theor
50. Tﬂ;e errg{iwtﬁ'togrchéloberrr{fy be a LED, the detector 50 may be a photodi ode
or may be a Sensitive ol ack and white char ge- coupl ed devi ce (CCD)
camera. This WO 20111123064PCT/ SG2011/000128 37 grey |level may be
det ect ed and dhe@psarspdrdicagtintentoanevedeladye tofthe pairgpdirolieget urdil. o blap 860,
on the di . : |

oper at i ort (agtcsent s feledsEn ¥R RRR RGP k0. Wik MPRA the spoed of
be easi | ythepait ofoblles 76 yag acduteibd poveoeat stomcdnipdetele deenadlertbe teadicndo 160
at the apc%;nor#gté ate distance along the assay card 20 in the direction
A and by conttrdlling the speed of - the novenent relative to the
rollers 70 by changing the rotation speed or even switching the

rol 1 é0s 70 on Tama@ssey rard BReontinggs toaneverelgtivd to shegfairexd rolfpes Townvibrat step K70,
this can W INAYZ t [ t i f
the rot 1 o M6 ARk ik bl Bk Ao i cpod ALRLLER) SRAEG R
and/ or t heler csmgs ecthe omactionanaeriadd istdhtected tigerotide esmdicationsof1B0 t o 160
presented to 10t he |lers 70 In o nbodi ment tk eagent s
B e e vacneg et B Sl e arast aneht Bt RGP G s Aisigied o ore
sol ut i on,de&ilshFipfe &nhancenent sol ution A and solution B, a washing
sol ution.

25 Figure 8 shows an example antibody immobilised spot in the aperture 30 which is
stained with, for example, silver. As the concentration of any target agent or antigen in the test
sample increases, the grey level becomes darker. The grey level can be detected by the optical
emitter 40 and detector 50. The emitter 40 may be a LED, the detector 50 may be a

photodiode or may be a sensitive black and white charge-coupled device (CCD) camera. This



Figure 9 illustrates a fluid diagram showi ng the equival ent function
of the assay card 20; 20" and shows the five equival ent punps for

punpi ng the associated reagents into the 15reaction ch 70. The
gquantity 3“’%@55@%% is controlled by the vol une of theggﬁgé@%gggﬁg
reagent reservoir 120 to 160. The flowsrate is a function of the
cross-sectional area of the associated reagent reservoir 120 to 160

present ed i roof 7 : ! whi :he  assa
Car d 20 ol vATp b o3 R oo oCer R Thrali el iy BT 5 e
functi on difplgyh@).| ocati on of each reaction reservoir along the

actuation path A and the-speed with which the 20assay card noves’

relative to t [ : i o i &8kl QhYehithetimine i
controller 90%@%’6@ gE%%F?EC?\?g&SSlM@b%%?g& % "and 11 o Itus":tupfantgels
desired exmophm, thisaet boeasily cottrllpd by carefislly bogatingthereserveirs 0o i fat the
reaction chanber 170 . H gupe 10 1|l ustrat n I

| rmobid 1 SRl bfahes ot I ey oo SRl SeleRl PR Sontdog the sprpd gt
t he reactthemostiagi eslativéQo thEhelldral@ey clagging therroatitn geed &3Fen switching the

cont ai ned |.n e test e 205. The zyne, | abel | ed anti bpdy 32Q..is
bl od Tl op ab et Thealos gt hay oo allect eriagna RS i e g3 b 1ty
enbodi MendosirHMed Bitvah)iseihe réthfiorhe@NITARCRITER t70 Qldj @ 8hHith Biza of the microfluidic
nano-particles technique. Typically, gald nano-particles are used as
an ant i botpmnelpS apdionths srosostctionad agsg of the seasenidrscrvore 120 el presgnted to
col oury ange LdigrE@se of conjugation with the antibody WO

2011/ 123064PCT/ S&2011/ 000128 38 [Inmunochem stry, 8, 1081(1071)].

However, col our detectjon of gold nano-particles requires expensive
opt a1 11t orls 0B emepdugi e SeBeglisnact BT ShUoPHE P Ge Re Ly
not sensidntiBSdyedaitioh, 4 fFeSOMBucBRRhH s6RAibA ASand F6luBHPBI 4 Wadhiify sdigioal |
therefore, a silver enhancenent technique is utilised (as described -

in US patent 026 %) ilver. ni.trate and silver .acetat.e a ood
sour ces Sof - sty Ry Speb o e USRS Bf o LB car
p- peny! ergxiicaahdishoar dhd fiversaliselayidames dorqriiping the asedatad reagahicintghe
agents. SENSOR DI %K _ . , )

15 reaction chamber 170. The quantity of reagent is controlled by the volume of the associated
reagent reservoir 120 to '160. The flow rate is a function of the cross-sectional area of the
associated reagent reservoir 120 to 160 presented to the pair of rollers 70 and the speed at
which the.assay card 20 moves relative to the rollers 70. The operation time is a function of
the location of each reaction reservoir along the actuation path A and the speed with which the

20  assay card moves relative to the pair of rollers 70, which is controlled by the controller 90.

EXAMPLE REACTIONS

Figures 10 and 11 illustrate desired example reactions to be performed by reagents

within the reaction chamber 170.

Figure 10 illustrates an antibody 300 immobilised on a sensor card 310 provided
25  within the aperture 30 of the reaction chamber 170. The target agent or antigen 330 is
contained in the test sample 205. The enzyme labelled antibody 320 is supplied from a reagent

TeServoir.

As shown in Figure 11, embodiments may utilise a silver enhancement of gold in a
nano—pérticles technique. Typically, gold nano—particles are used as an antibody label because

30  of'the gold nano-particle’s deep red colour and the ease of conjugation with the antibody



As shown in Figure 12, an enbodi nent uses a Sseparate sensor disk 250
made of a piece of indiumtin-oxide (ITO film which is a conductive
and transparent filmwdely used 10in the touch-screen_j ? stry. The
I TOfilm PIYYE%4el | defined and stable surface for %#Qtﬁgavﬁous
i rmobi |i zation. The sensor disk 250 isi;gnserted in to the reaction
chanber 170 j.ust before the aperture 30 is covered with a cover film

As shown jn Figure. 13, [ S Lot narti
(5- ol yor dSys Bt n 20n TN, HRA0afby darponef aold ol spavives
bet ween tdpedsi@ opticdl ditterstayd b songltivg detagon Adsof the sinsliibofian’ ot G aitive enough

group. The 1 TO fil.m of e sensor disk,250 is cleaned and. treated.

o th act doF SRR ERIEnE 18 AeiiBae skl BEF T Ptk rseney efiaigs
l'i nki ng agRREd (a§ deRAbdEE UBpaddhe 6602659 iekr hitiesut kit akpratel e Robd) sdufies
ITOfilmin 1% solutjon of GPTES for overnight at room tgl}per tﬁr@.
The arit i bfdilveriansswhil hystioquinoge.gprrary! galats. prenydeneriapune g 5aYdecpre
for overnights uég.asﬁqqm,;%, ofdls, rinsing and bl ocking with bovine
serum al bum n (BSA) steps Tinalize the anti body 20deposition. .

It wll g§ aBgéﬁci ated that the sensor disk 250 nay be provided with
a |ayer of®¥ i cal agent such- as an enzyne or an antibody that

Campl o Bt E epnISTERE P eSS R AR e U

25Fi gur e (6o dfindisb-tiatoxides KF@nfit, hichys & énmdictive und winsparenfamprideln sy -

card 20A and illustrates the.o ion of the assay rat when
pr ocessi rfBQl%eLf(?HChé?‘freﬁgé% St@é&&e %@%ﬁ%ﬁg"’é £8 Wﬁg gﬁlbe%fﬁigtgglﬁﬁ%#%gifgrt he
inlet ar rﬁmg@dyfiﬂﬁndlﬁ%ﬁ@rpg’(ﬂ; bdnsbr cgsHEOlﬁig@émﬂB tﬁntotﬁt_he _maetioniohmbfr 1670 gust
assay conpaonentsis provided in_ Figure : e timng paraneters are
shown in ¥YaL afe@rgﬁﬁlstq‘?t‘;‘erﬁgé"é I%VV?S ess is described in Figure
20D. WD 2011/ 123064PCT/ S&G2011/ 000128 39 Coupl ed between the
inlet port 420sshdwhieFigeteddt arembodivaent iises i glyeoxypoopyOhrimdtboxysitane

h , b bet t i nt | ti bod d.the,
Sboom e pIRSA T a el ik Heeh BeT pSARM ety PRl Q88 an R Garlolf s

reagerst s £miné gions.drhaiITOI MmsHter sehsor ik 25V Bicteandd and ndate® wéth ecidlts activate

provi ded ich are activated by a douple roller arrangenent 50 510
B et | oriBh SRR RGPS EiRG ShES: GRS PG AP AR gt vared TTO
r epr esent @t bysdipyhilthelie fORNL 1 solud¥R f GRTES & overhighPat366th @mperature.
however, the detalled |ayout of the assay card_ 20A w readj | e

] 1y 0] . [l readily b
appar ent The anHodya 18 |selytipreisslggpped onto theurfageand fncubsteblor gusrpight 4t 4460
i s depr esgafWaf AndillEarddl i RKARQHbIURGEELaIBERh (B5K) $83THElzABS antibod
Accor di ngiﬁéﬁn_egﬁ;hgi ]Fgezll S thef{éexlpel l ed t hrough tr(le i)nl %tﬁ porl% 42301.11 2\ 4
sanpl2) i sdepbfidored to 10 the inlet 420 and at time -T2 the reservoir
400 is rel eased thereby drawing the sanple into the reservoir 400.

It will be appreciated that the sensor disk 250 may be provided with a layer of

biochemical agent such as an enzyme or an antibody that reacts specifically to certain

molecules to be detected in the test sample.

EXAMPLE OPERATION — SILVER ENHANCEMENT — ARRANGEMENT 1

25 Figure 20A illustrates schematically the layout of an example assay card 20A and
illustrates the operation of the assay apparatus 10 When processing such an assay card 20A.
The assay card 20A comprises the inlet arrangement mentioned in Figure 16 above. An
overview of the assay components is provided in Figﬁre 20B, the timing parameters are shown

in Figure 20C and the assembly process is described in Figure 20D.



At time T3, the mcrofluidic conduit 410 is seal ed. At time T4,
processing is paused to enable any reagent within the reservoir 400
(such as i-coagul ant) to react with the sanple. i 15,
the clip %ﬁﬁ&iz}sgﬁoved. At time T6, the reservoir 400}$@g%@ﬁg®8§2§ed
and its contents flow through the m crafl uidic channel 435 towards

t he detection zone of the reaction chanber. The sanple flows through
a dried indic } Yol i 1eARL L Lo 8 Yealtianthahber (ot
printed contr?wg%e?{%t)%g@eﬁﬁe@&{J(')ibtaar%?itw n% e{?nt eodet ee(::q[ |non zongrgﬁp
t he reactshownchaidvated baGvien therpeinfEd coptrad enistoidn § qud Wseeabsorbentippd WP are a
reaction to .tak ace. . t -tine T8 the assay,.apparatus 10.

ot ect ot Hintep SEwRLAGF propigersy 1, § b rehEen AR Y PRBAR Heschirs R1
conpr esseshdBp drbelsp pravided Whivh dpd4ktivhteé by aldwebl¢ pllleedrrangéindt 50@Gated at
position p 1 The . .m crgfé{)ui di c .channel coupling with reservoir Rl is

seal e bymeHionghinJieyrs ! abovsa Oeaimiials i £IBFMHCFreRRtAR Fhovrpg fhe ggneral

Wth res el%%&jt bnd¥3 nbBroNeile; 3RV, ¥ dbBBedMa) e of Bt h&hy eak@ 20 ARIIR readily be
25causes the contents of the reservoir R2to fl ow towards the

det ect i orappaisat toithe tkilledessen.on chanmber. At time T9, the rollers 500,
510 continue to advance. At time T10, the punp roller 500
conpresses t heattRseTV,ahd ref¥rvoir 4006is dedr¥sSed @ith e cBp @40 & plaead eshl Bie channel

position p2. The valve roller 510 seals the njcrofl uidic chann _
coupl ed wWiPhAesREdinglyy anypiris S1sp 6 %@t&hw@”&w 449 FPfeTJFIQd fut

does fipt HEflct4DE afd &'tRkd T2 Mk FesERBIAOD iSGOMReE Retrty (RaWiRg ﬁfe\é%p_e Rto the
The contents of RI then mx wth the test sanple in the detection

zone of tmeerya@sddl. on chanber. At time Tl |, the apparatus 10
detects indexing neans on the assay card 20A and a signal is

generated to caupee THhdRIcrdh@bessidng 410isk8als®. S5At tine T12, after
the required tinme, the rollers 500, 510 activate. At time T13,

the valve rollgr.5 ves.t o Ltio l.ed
mi crof | uidic d ta‘%%?‘é’q’g%‘%%ﬁ“%gdéBé)h‘%?%{°tﬁ%8ﬁfg‘?§gg3€e?‘?‘§’ﬁﬁ o2 400 (such
At time Tdkdn aaticespguldnt)its redet with the sioypleeadi ng t he reacti on chanber.

EXAVPLE OPERATI ON- SI LVER ENHANCEMENT- ARRANGEMVENT 2
15 At time T35, the clip 440 is removed. '

At time T6, the reservoir 400 is compressed and its contents flow through the
microfluidic channel 435 towards the detection zone of the reaction chamber. The sample
flows through a dried indicator antibody I, a printed capture antibody T and a printed control

antibody C prior to arriving at the detection zone of the reaction chamber.
20 At time T7, processing pauses to allow a reaction to take place.

At time T8, the assay apparatus 10 detects the absence of the clip 440 and the reservoir
R2 is compressed by the pump roller 500, the valve roller 510 is located at position p1. The
microfluidic channel coupling with reservoir R1 is sealed by the valve roller 510. The
~microfluidic channel coup]ing with reservoir R2 is not sealed by the valve roller 510. This
25 causes the contents of the reservoir R2 to flow towards the detection zone of the reaction

chamber.
At time T9, the rollers 500, 510 continue to advance.

At time T10, the pump roller 500 compresses the reservoir R1, the valve roller 510 is

located at position p2. The valve roller 510 seals the micrpﬂuidic channel coupled with the



10Figure 21 illustrates and i mmunoassay techni que using silver
enhancenent. It will be understood that silver enhancenent is a

commonl y- used syst emthat is used to anplify inmnogold |abel
sanpl es i N U245 | ow assay and blotting applicati onECT"me]é@ﬁ]rzg
through the reduction of silver fromong solution (for exanple, an

enhancer.) by another solution (for exanple, an initiator) in a
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surface ofontdnes cgcﬁldhqn'amim wilttethe vdst simpdyr ia tiodetastjent Bahe (Of te reactiomptleynber.
attached) to anti bodi es bound to the target analyte. Typically, this

results in the tat 4], Ql?et gﬁﬁ}aﬁ’& 1b B&chg’[nqe)ﬁ%{g %Qaﬁs%n%ﬂpas%a‘}flﬂsm&%drhas '

the effect of uci ng assay etection
Typi cal | yslgnahnsgengatpétd@msmﬂrthg neoossamgto pewseer vent i on where the
enhancer and initiator solutions are m xed by a technician who then

washess t he 20 @i €14 Qﬂéﬁﬂ@&ﬁuﬁé&h&uﬁ@‘tﬁeﬁoﬂﬁé 9009 SIP(') BRivaRg the silver
solution onto the sanp e However, Figure 21 illustrates a schenatic

arrangenment a e card r.abl e t he
assay appar at u'gttfge i-g} ﬁﬁt‘%@%lﬁg sftBPﬂ?lé%Bﬂf }Hﬁéefaee\lglbc? The
assay cargicZdHsidio Binh&le Sovpliag with &lie RSsrPNG®RIEME RZenti oned in Figure 16
above. Coupl ed between the inlet port 420 and the detection zone of

the reaction O,%a}l}%e’hc( 49 u?t? FQ lyl?é‘éd qug‘}e%&lo%%‘a{ﬁﬁ the printed

control ant| b and t sor are er of anti body

providers, I, T C. Two reagents cont ained within separate reservoirs
Rl and E’éﬂ'%"‘iﬂQBE%TMdﬁﬂdv\%E@WAﬁFW&HT@&WW‘: Houbl e roller

t 5 Fi 18 this.is.
e o Hurp D s B PR 5 DBl el 14 Fibe
sc aljel, holmvb 3lgfo,od e sitet a;ﬂitaﬁcérﬂeay? :dtcomfnohheusa& syvenC s 268 twviamnplify
readl e a (0] e . SKi erso
2011/ 15308@@2@%&?‘%@?@8 E‘emﬁ% Fayﬁnfjn?loﬁing apREcationss It asPyrs tiepsh

i S depr estﬁ@ﬂadﬁ&d)ntdf@ll@r%% Srletso bbb EoSS&ARIR &n &1hRhdeBbytaBothBesoluto(for
port 420. At time T2, the reservoir 400 is rel eased and the sanple is

drawn i ntexample. asisiipterking pemncekgold peticles, Theredyctipe feaglinnrcauses silver to
o088 SRS O A Rl sl g
al | ow entargcafiugated (ampireple, mﬂeclmﬁbtoraeébﬂdﬁ@rbommﬂmtargﬂ analyte. Typically,
this results in the am'pliﬁcation of the gold by 10 to 100 fold which has the effect of reducing
the assay’s limit of detection (LOD). Typically, this is performed as a manual inteﬂention
where the enhancer and initiator solutions are mixed by a technician who then washes the
20  sample to remove any salts before pipeting the silver solution onto the sample. However,
Figure 21 illustrates a schematic arrangement and operation of any assay card 20B operable

with the assay apparatus 10 to automatically perform such an operation.

The assay card 20B comprises the inlet arrangement mentioned in Figure 16 above.
‘Coupled between the inlet port 420 and the detection zone of the reaction chamber (not
25  shown, but located between the printed control antibody C and the absorbent pad AP) are a
number of antibody providers, 1, T, C. Two reagents contained within separate reservoirs R1
and R2 are also provided which are activated by a double roller arrangement 500, 510
mentioned in Figure 18 above. Again, this is a schematic representation showing the general
layout and is not to scale; however, the detailed layout of the assay card 20B will readily be

30  apparent to the skilled person.



At time T5, the reservoir 400 is depressed which pushes the sanple
through a dried 10gol d conjugate indicator antibody I, re-suspending
it and si ly allowing the binding of the anti i e
analyte/s?ﬁ%gﬁpgﬁﬁg | i qui d passes through to the printggﬂ%g%ﬁhggiﬂ
anti body T as well as passing through tfie positive control antibody C
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vol une passes ANEQUGH hOrkliCoilas] § dbGeREY Rld heBRod 8t iifledaimBletispplied to
absor bent -pad AP. 15At tine T6, the assay card 20B is then placed
into the tssdst pappl@fat us 10 and then the programme initiated.

At T7, after a 10 m nute pause, the punp roller 500 bursts the
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the system whilst the valve roller 510 is i'n position pl, blocking
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reservir R3. Attime TAtthd inl8 pdi8 420 RpirRHEMD olsedl gy chafie] biprevent fantple
bal l oons within reservoirs R .and R2 releasing-silver nitrate signa

enhancemebckiow gy o4t kom thepssayeatd dMBam whi | st the valve roller 510 is
in position p2, sealing the mcrofluidic conduit to the reservoir R3
to prevent anyAtxaa&T4,ake clidd0ds thah reavdvad)td dllow dnly @fidie shinplediio che rbaction
coupled with reservoirs Rl and R2. 25At tine T9, the valve roller
510 noves?®BPard to position p3 to block all channels while the
signal devel ops over 10 mnutes. At tinme TIO the signal is read from
bot h the posi tAutene ShtthotesaivgnddO isdeprestediwhigh phsbepthie seraple thooeghad dried

anti bpody and the test. sign romthe reactian.chanber ar | 1.
o i B et S s RoS ARl Rt B PG S g S RS E Bl
- HEAVY NMHfAhe SEDEGT it the analytefsilgert Ehelghid passsithratigistosbdmiméd epturyy t he
| ayout of an ex | e assay. card 20C and. il |l ustrate e .oper.atjon . of
e ass ey B Levuel 85 Sdné Hroubds mtun cortin ety (R aREHR defuct
assay car £hnd@fihe QeaRtioms SRnible AnkleRécsftdlame paRE thisRgh toxhe dadte resbrgbif end &
above. 5A detection electrode Dis provided wthin the reaction

chanber. hﬁl‘bmtbe@g@ﬁfcﬂﬁé&me fabrication process for the screen
printing of mercury and silver electrodes on a substrate such as a
PVC cay d whi chaiciine 16, thssdayacirdP0Bis tiseagdaced intothe assae xpppdtes edndahdnahe

el ectrode D. o -
programme initiated.

At T7, after a 10 minute pause, the pump roller 500 bursts the balloon within the
reservoir R3 releasing the distilled water into the system, whilst the valve roller 510 is in
position pl1, blocking the channel coupling with reservoirs R1 and R2 to prevent any

20  backflow, whilst allowing flow through the conduit coupled with reservoir R3.

At time T8, the pump roller 500 bursts the balloons within reservoirs R1 and R2
releasing silver nitrate signal enhancement chemicals into the system whilst the valve roller
510 is in position p2, sealing the microfluidic conduit to the reservoir R3 to prevent any

- backflow, whilst allowing flow through the conduit coupled with reservoirs R1 and R2.

- 25 At time T9, the valve roller 510 moves forward to position j)?: to block all channels

while the signal develops over 10 minutes.

‘At time T10, the signal is read from both the positive control signal provided by the
printed control antibody and the test signal from the reaction chamber and a result is

displayed.



Two reagents contained within separate reservoirs Rl and R2 are al so
provi ded which are activated by a double roller arrangenment 500, 510
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Accordingly, as will be discussed in more detail below, and described in Figures 22C
and 22D (from Analytical electrochemistry, Joseph Wang, Wiley-VCH, 3™ ed, 2006), a
reagent containing mercury ions is moved to the electrode and a reduction potential is applied
on the electrode. Then, the mercury ions are reduced on the clectrode creating a fresh mercury
25  film. The sample is injected to the electrode while applying an accumulation potential.

‘Positive ions, such as lead, are attracted to the electrode by the applied potential and
accumulates on the mercury film. The potential is the reversed. Then the lead atoms are
stripped from the electrode leaving electrons. The electrons cause a current that can be

detected by an amplifier.

30 At time T-4 to time TO, the mercury film is created. In this example, the assay

apparatus 10 detects the presence of the clip 440 and the reservoir R2 is compressed by the



zone. At time T-3, the rollers 500, 510 continue to advance.
At time T-2, the punp roller 500 conpresses the reservoir R, the

val ve rol 20]"?13;%3 Iocat ed at position p2 The val ve ﬁ@fjggfoﬂg&ghzts

seal s the urdi c channel coupled with the 10reservoir
does not 'seal the mcrofluidic channel 4goupling with reservoir RI.
At time T-1 an electroplating potential is applied to bond the
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the reSerSpaiansAaRICyTY ions ferfomping H]é”rrE‘HQ“rH °F| et EECE F%" F\ ¢ %‘e"“"“
reservoi r,s400. 20At time T3, the microfluidic conduit 410 is seal ed.
At time T4, processi ng is paused to enable any reagent within the
reservoir 400 (suc react with the sanple.

At time T5, tHEUMG L ﬂ’@r?lersr%%gg@m iRldto kvl ‘At time T6, the

reservoir 400 is conpressed and its contents flow through the
25ni cr of | ui di cAtghenhél the Psmp aoldar 380 conepressestbe raserveisRd, &f velverallengiq i i8n
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accunmd atresav@oR2 htti doks it segh hiei redradinilipasinnd] veupling svithseetvoaR 1. ead,
are attracted to the electrode by the applied potential and

accunul ate on Athﬁ'?s”? G eYeckrb bl Bin Igzpotentlaﬁg ablI1iZB toTl%ntthéﬁercﬁrt}%stadnY@the

roller 510 nove rom position the contents of 121°then nove
to the dedatsstipmelecitnde. of t he reaction chanber for washi ng. The val ve
roller is now

At time TO, the apparatus 10 detects indexing means on the assay card 20C and a

signal is generated to cause further processing to pause.
15 At time T1 to T4, the sample is loaded into the assay card 20C. |

At time T1, the reservoir 400 is depressed with the clip 440 in place to seal the channel
435. Accordingly, any air is then expelled through the inlet port 420. A sample is offered to
the inlet 420 and at time T2 the reservoir 400 is released thereby drawing the sample into the

reservoir 400,
20 At time T3, the micréﬂuidic conduit 410 is sealed.

Al time T4, processing is paused to enable any reagent within the reservoir 400 (such

as an anti-coagulant) to react with the sample.
At time T3, the clip 440 is removed.

At time T6, the reservoir 400 is compressed and its contents flow through the

25  microfluidic channel 435 towards the detection zone of the reaction chamber.

‘At time T'7, processing pauses to allow a reaction to take place.



5in position P3 and has seal ed both m crofluidic channels coupling
with the reservoirs Rl and R2. At tinme T12, processing pauses.

At tinme T13 and T1l4 a stripping potential is applied. i ver
pot enti al WK P6e | ead atoms to be stri pped fromt h@@?‘é@?’r’?ﬂ’&@ﬁ

| eaving el ectrons. 10The el ectrons caugg a current that can be
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amount of heav r b : : - ONE
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general |Ryout and is not to scale; however, the detailed | ayout of

the assay card 20D will readily be apparent to the skilled 20person.

The reservoir i i.th the clip 440 in place to seal the
channel” 435. cgglrl%?}]%?go,rcg%ﬁ@%gﬁgre&i s then expelled through the inlet

port 420. A sanple is offered to.the inlet 420 and the reseryvoir 400
is rel eased t HartEngy TH andi g astpringrotetiplis aprlicd Tagisverss potensigl cappgs the -

m crof | Ui @i £,t6R0 b suffdd romSBaLkedrodd PRVRGRRSIGE, | S paused to enable
any reagent wthin the reservoir 400 (such as a bl ood pre-treatnent

rea i i i ] .
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provide an indication of the amount of heavy metal present in the sample.

EXAMPLE OPERATION - ONE STEP BLOGD TEST PLATFORM |

Figure 23 illustrates schematically the layout of an example assay card 20D. The assay
card 20D comprises the inlet arrangement mentioned in Figure 16 above. Again, this is a
15  schematic representation showing the general layout and is not to scale; however, the detailed

layout of the assay card 20D will readily be apparent to the skilled person

Coupled between the inlet port 420 and the detection zone D of the reaction chamber is
a filter F. Again, this is a schematic representation showing the general layout and is not to
scale; hoWever, the detailed layout of the assay card 20D will readily be apparent to the skilled

20  person.

_ The reservoir 400 is depressed with the clip 440 in place to seal the channel 435.
Accordingly, any air is then expelied through the inlet port 420. A sample is offered to the

inlet 420 and the reservoir 400 is released thereby drawing the sample into the reservoir 400.
The microfluidic conduit 410 is sealed. -

25 Processing is paused to enable any reagent within the reservoir 400 (such as a blood

pre-treatment reagent) to react with the sample.

‘The clip 440 is removed.



WO 2011/ 123064PCT/ SG2011/ 000128 45 The reservoir 400 is conpressed
and its contents flow through the m crofluidic channel 435 towards
the detection zone D of the reaction chanber. The sanple fl

through t R I8P i or to arriving at the detection %%H%G%Ué@mtzﬁe

reacti on chamber. Any excess is retaingd within the absorbent pad AP.
5The detection zone D IS then exam' ned to determne the result.
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person,

15 | The reservoir 400 is depressed with the clip 440 in place to seal the channel 435.
Accordingly, any air is then expelled through the inlet port 420. A sarnple is offered to the

intet 420 and the reservoir 400 is released thereby drawing the sample into the reservoir 400.
The microfluidic conduit 410 is sealed.

Pfocessing is paused to enable any reagent within the reservoir 400 (such as a blood

20  pre-treatment reagent) to react with the sample.
The clip 440 is removed.

The reservoir 400 is compressed and its contents flow thrbugh the microfluidic
channel 435 towards the detection zone D of the reaction chamber. The sample flows through
the filter prior to arriving at the detection zone D of the reaction chamber. Any excess is

25 retained within the absorbent pad AP.

The reservoir R1 is compressed by the pump roller 500. The microfluidic channel
coupling with reservoir R2 is sealed by the valve roller 510. The microfluidic channel
coupling with reservoir R1 is not sealed by the valve roller 510. This causes the contents of

the reservoir R2 to flow towards the detection zone D of the reaction chamber.



25 retained within the absorbent pad AP. The reservoir Rl is
conpressed by the punp roller 500. The m crofluidic channel coupling

wth reservoir R2 is sealed by the valve roller 510. Théal%'cr(?fl ui di c
channel c&MINHE4t h reservoir RL is not seal ed by t Ne-VATAE PN er
510. This causes the contents of the rggervoir R2 to flow towards the

detection zone D of the reaction chanber. WO

2011/ 123064PCTL,SG20Q11/, 8 46 The Lers 500, 510 continue to
advance. fhlehrgﬁ%a%g&%éﬁr%nﬁmgﬁg) agg%‘ra'esses the reservoir R2. The
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UTI LI S% Né@@%ﬁeﬁéﬁg@% EM FOR REAGENT DELI VERY TO A COUPLED
DEVICE Figure 25 illustrates schematically the |ayout of an exanple
assay card 20FA repulh isidgiacted Py measlingdhe daterdian gpne? af he paetianechambery voi r s
A and B are also provided which are activated by a double roller
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representation showi ng_the general |ayout and is not to scal e;

g
however, VRBING ROLEER BLISTER SYSTEMRORREAGENTNELIVRRY T 4 COUBLER PYVIGE
apparent to t ski,LlL.ed perseon. .. PCR s used to anmpli
abbct 1 regi OEgF 25 TREERG! FBinisely e Ty SR BERe hita? Ry 20 o
Typi cH | yreaf2nl3 cvRtalned svidiidepirgte BNArvbiragrand Bsareflsel protvided phicharavrtiedtyd
10 kil o base irs. (kb). PCR typically reqyires the follown .
eagent s: %Y st R & F g LKA RN A T8 e
anpl i fi edreprE¥htdtioh RBSWin ftgeAd:8l ISRPARITE AS@b Yeald) hbReved thd dutARd yoiE)f
ends of each of the sense and anti-sense strand of the DNA target 20

DNA pol ynif assay gt OB wilkreadiisabe appaigpkte ferikidled 2ptd 70 C.
Deoxynucl eoti de tri phosphates (dNTPs) from which the DNA pol yner ases

synt hesi zes a HERvisDiSA Stanghify a Sistifie regiad ofta Davxyfibamtidicrgidgd D3N )tsalde

b0l ynks asEoPssts G entiods OB Su GApven Pt Spagemiggy Ll fse s

gener al | y(kh)2€RaRgicRIBt Rgsited Me following reagents:
* DNA temﬂqte that contains the DNA region (targét) to be amplified

* Two primers that are complementary to the 3' (three prime) ends of each of the

sense and anti-sense strand of the DNA target
20 * DNA polymerase with a temperature optimum at around 70 °C.

* Deoxynucleotide triphosphates (ANTPs) from which the DNA polymerases

synthesizes a new DNA strand

*  Buffer solution, providing a suitable chemical environment for optimum activity

and stability of the DNA polymerase
25 * Divalent and monovalent cations, i.e. mag'nesium, generally Mg®" and potassium

‘The PCR is performed in a vessel that can be thermally cycled, heating and cooling the

reaction from 20-40 times. Usually there are 3 main temperature steps:



WO 2011/ 123064PCT/ SG2011/ 000128 47 Denaturation: This step is the
first regular cycling event and consists of heating the reaction to
94-98 C for 20-30 seconds. It causes DNA nelting of the | at e.

The pri meP PY1HPb e to bind to the tenpl ate at thi sFEH E‘ﬁ‘frﬂﬁ]rzg.

Anneal i ng: The reaction tenperature is jg,owered to 50-65 C for 20-40
seconds allow ng annealing of the prinmers to the single-stranded DNA

tenpl ate. Typigal t he. anneal.i n r re ik - 0. degree
Cel si us bel ow t hge%{ma@tf”fa?lﬁ’é'n{}le'%%%pr %tﬂﬁaffggt?rﬁléigg ler%ee%g@i%%%?%&ﬁge(g.hgﬁﬁlg the
pol ynmer ase bi nds rdactidnte 99+98W€T for 20q3l0at@nhiy br dadsea MN A eglting oDitvé DNA

S Tana conpl enen A JhE g RENORATARIRSh A W edaP B, s PRt

that are conplenentary to the tenplate in 5 to 3" direction,
condensi ng t he* 54uplvbisglieecgtioupmperatieisddwdRed toi 10r63 Me f@ 2040 seandy|

i e’ dopends. pr i APTIRG SREHROBHGIRTER PRAnBRATIGEREM: S JTaRe

be anplified 100¢hechpndaling finipeta@ire iskbbutl3Hadgreds M@lstus beBP the mpRIngor med
after the last cycle .is confl ef ed by hol di.ng the reﬁ%on at 70-74 C
for 10 minutes eRgweratye {HatofihgPrmes Pfdn %ﬁ%@@% dethe BRYRCT-

ful ly extended. EhgIdteRMrIdANdPaAnd DRA Hathesol ed to 4C for an
indefinite tinme storaggﬂﬁof the@ér]eacti osﬁ. The presence of DNA can be

detected through_the . use of pucleic acid.stains s a hi di, um '
B o deor  moranEFPEE Tt RIS R e BTN ARl ppriplétRatary to
illummation or #@ DM eanglatt BgandH® a@ling ANTRO tHas&r€ Bémpledbitaryu6 theadmplate
SYBR Green (trade nmark) whjch will give greater sensitivj t’lﬁ’ and

sotentially requitsa sdisestion spusRsingbe SppIRyal craup of fhedh TPs bt 3-

the assay card 2Q0:6:a/ ghfip @R eRfoftht Rastlf (8ndHRY DR {AY. THRRWR)signd
used as a reagent” delivery system for PCR D@&pensed reagents wl |

flow through an twederands primasily ne thedpnatiaplathel BINA: Braggpeng Hntsaided toghe
t herrnocycl ed. ZEJP]}?]&S(Q%O[?%;H%I_%QEMW;I udes a sanpl e application

well S into whic e test s e 1's dispensed; a sponge blister SB

used to draw the sanple into the card py pressing and rel easin
(presk when addfiy seghtep s pelamed oy t@? la) ey el @mplte hokding

simlar ngaigh of P-703L HERCHINARY clbutif THaf A1yaBG8ining sFigtWhandd IRYEHlly
a pinch valve (not shown, but arranged i.n the manner of the sealing

i nl et porextended. e sepeden eandhen bercgoled ¥ G freansindpfinitedime siqsegerof the reagtign.
The presence of DNA can be detected through the use of nucleic acid stains such as
Ethidium Bromide or monomeric cyanine dyes through ultra-violet (UV) illumination or
20  through the use of a fluorescent stain such as SYBR Green (trade mark) which will give

greater sensitivity and potentially require less thermocycling saving time.

In this example, the assay card 20F can be coupled with another device (not shown}
and used as a reagent delivery system for PCR. Dispensed reagents will flow through an

aperture into the separate device which will be thermocycled.

25 | The assay card 20F includes a sample application well S into which the test sample is
dispensed; a sponge blister SB used to draw the sample into the card by pressing and releasing
(press when adding sample, release to draw sample into card in a similar manner to that
described with reference to Figure 16 above); a pinch valve (not shown, but arranged in the
manner of the sealing inlet port as indicated above) to close the sample well port; a card

30  integrity pin P for removal to open up exit microfluidic path; a blister or reservoir A which



30 integrity pin P for renoval to open up exit mcrofluidic path; a
blister or reservoir A which WD 2011/123064PCT/ SG2011/000128 48
cont ai ns 0 eaction buffer, ions and priners an

pol ymarasé‘po g’iﬂ?zﬁﬂ%l i ster B which contains 50ul of the&‘lﬁ%@iﬂéﬂoﬁ&‘gd
stain, such as Ethidium Bronide or SYBRggreen depending on the

det ectl on systemused within the reader. Again, this is a schematic

representati e . :
e B s Y
appar ent hich bentsiks 50w df the ll‘lﬁdﬂlc acid stairl, suchze Edfidiom, Bx‘oiméziesnﬁi’ﬂBR pkerst er

SB is depressed and the sa Ieco aJI’]I is.a |edto
t he assayd?ﬁ?‘ﬁn@@?ﬂefﬁt&mﬁft&mﬁﬁ r%}lﬁf égggkﬂﬁléﬁacheﬁg Canpl e -
is drawn fe ?_Fe@er&ﬁﬁn@ﬁ&ﬁi}ig wgénaaﬁayothamaﬂpdtb B&hlé MBRBR), 1 ddaiRdnghatof
cl osed. in LS. .renpy esarrple blister SBis

depr ess edthaﬁ%!;a! pred ggﬁw%reﬁ'fi'&\kﬁ apRersttadhe skllediPeOt hanber (not shown) .
The assay card 20F is placed into the assay apparatus- 10.

The blister B lalpeagdn, ik sdepledsiseiSBividpteesddlans tiersaple sosttiniigddNahi ch

causes a reagent 1Eff Idow to the é# Once the thernocycl ed
reaction {&P PR t?ﬁ’é"%ﬁ%&? 9Fd 20F is returned to the assay

appar atus 10. The blister B channel is released, the blister A
channel is deprtessagledhstchfB 5t releaddd mpdithestsplt lidrawn intx the assag cEXANPL E
OPERATI ON - CREATI NI NE LOC TESTI NG DEVI CE Figure 26 illustrates’

schemati cal |y filiQahpiidhaficl 81 Fxeitalchsapsay card 20G  Four reagents
cont al ned W thin separate reserv0| rs Ato D are also provided which

are | vat ed Eoubl e | I er arrangenent nentioned in Figure 18
above The assﬂé%’é H”%‘@S" nmpri ses the inlet arrangenent nentioned
in Figure 16 above. Again, this is a schematic representation
25showi ng t he Gersemple blhalyoSB 1sadedressdraodthe(samplalfbws irdovheaesctivm ehamber
detail ed e ay&jownf)f t he assay card

The assay card 20F is placed into the assay apparatus 10.

The blister B channel is depressed and the blister A is crushed \n;hich causes a reagent

_15 flow to the exit.

Once the thermocycled reaction is complete, the assay card 20F is returmed fo the assay

apparatus 10.

The blister B channel is released, the blister A channel is depressed and blister B

reagents flow to exit.

20 EXAMPLE OPERATION - CREATININE LOC TESTING DEVICE

Figure 26 jllustrates schematically the layout of an example assay card 20G. Four
_reagents contained within separate reservoirs A to D are also provided which are activated by
a double roller arrangement mentioned in Figure 18 above. The assay card 20G comprises the
inlet arrangement mentioned in Figure 16 above. Again, thisisa séhematic representation
25  showing the general layout and is not to scale; however, the detailed layout of the assay card

20G will readily be apparent to the skilled person.

Creatinine is a waste product formed in muscle from a high-energy storage compound,

creatine phosphate. Creatine phosphate can be stored in muscle at approximately four times



20Gw Il readily be apparent to the skilled person. WO
2011/ 123064PCT/ SG2011/ 000128 49 the concentration of adenosi ne

tri phosphg{q%mgm%scl es it spontaneously undergoes de?{i@gég)}a%oh?

forma cy i de-creatinine. The bl ood concentra
creatinine and its excretion in urine ae remarkably constant in
normal individuals. Therefore serumcreatinine |level is used as an

i Cat Of o QncB RN P Gk bNPHiphBRAL W RHECK LPlRRebR eBryBEESont

in serum asma direc Ine picrate result|ng
in the fodagnadamm offoan a eytlicahlyride-crdatininat Bresidod coficeptratirin of sreatinige amtits

at a wavel engt h.of .505nm_ Protein interferen s elj mnated using.

o um | aBPFOR i PR FReBDl R B Sy TR ar ert ry g
wi th 30% Redtid Gsedas sh MEAICEOE foB aisessmgqmrﬁ:p E@iclibg. Crbdtiainegk $s prBsehhm serum
sanpl es. Reservoir A contains_reagent NaOH, Trj sodi un%%ﬁ ICOEate

( Na3PCs 1 2pzdsmasiigriiieads ith albaling] @Cfﬁﬁé%lt%i@ﬁ?é?rmaﬁ@% ur, the

contains ﬁl?eﬁﬂﬁmf vhich R ied Srk P aWbaveldh PR BF §05nRE PRIMA idtefer&RB iAd Mfinated
reagent 3: Anhydrous picric acid. A wrking reagent is formed froma

m x of equsig asadiuuhi@gry sulphate. t%me@@drabagbms rageing eger psidify Rgsdth W% agtic
cont ai ns dé %Ets‘%or ﬂ%béé{ﬁ lhrEhB%éﬂQhP?@%ﬁ’plé%smo”l test sanple is

di spense 0 a sanp |cat| The sanple is drawn

into the assay card 200 by pr essi ng\@@nd rel easing the sponge blister
SB (press wherRasfipiig waisacagen| b 2BOH, d rigedivm Phesphete (N5 OaLdd) csodpm

200 igba RIIAL DRI OHEOL Redorffos bbriasls iWhidhs DESAGHRAh Qulhsid) @ 10

above A pinc ve Is activated to close The sanple wel card
i nt egri t yReservol G epntainsrergent b Aopdrouppicheadié e wodingohagepbis formed from a

ol RSt OIS OB e A DA g 20

sul phate. (vReﬂiranoncerﬁd contai ns 100ul of the Anhydrous picric acid. A
m xi ng chanmber MC is coupled with reservoirs Ato C. Reservoir D

cont ai ns ZOOU]A%(I)J] st Bl Rikpésbdlinto a sample applicfioh&Rgitd, on chamber RC
is provided, coupled to whi ch I's a waste reservoir AP 25containing a

ceIIquse bas waddj
15 e’lqw sam fe g drawn 1nt0 the assay card 20G by pressmg and releasing the sponge
blister SB (press when addmg sample, release to draw sample into assay card 20G in a similar

manner to that described with reference to Figure 16 above).
A pinch valve is activated to close the sample well S.
. A card integrity pin P is removed to open up the reaction chamber microfluidic path.

20 Reservoir A contains 100ul of the sodium salts/hydroxide. Reservoir B contains 100ut

. of the Sodium lauryl sulphate. Reservoir C contains 100ul of the Anhydrous picric acid.
A mixing chamber MC is coupled with reservoirs A to C.
Reservoir D contains 200ul of the Ethanoic Acid.

A reaction chamber RC is provided, coupled to which is a waste reservoir AP

25  containing a cellulose based wadding or pad.

In operation, the sponge blister SB is depressed and the urine sample is applied to the

assay card 20G.

The sponge blister SB is réleased and the sample is drawn into the assay card 20G.



In operation, the sponge blister SB is depressed and the urine sanple
is applied to the assay card 20G The sponge blister SB is rel eased
and the s i rawn into the assay card 20G WO

2011/ 1230 }’152?%%11/ 000128 50 The pinch valve is cl oBEHE2PRLOQLE
integrity pin P is renoved. The sponge qglister SB is depressed and
the sanple flows into the reaction chanber RC. 5The assay card 200 is
pl aced into t s 10. Reservoirs A, B and C are
depressed sinu t n@%&gﬁgqﬁgggte e punp roller 500, the reagents flow
into the m xing chanber MC whilst the mcrofluidic channel for
reservoir D i sHsicaehiBieedtpin Bys RMevefhl ve rol ler 510. The

m xi ng chamber MC is depressed by the roller with the contents

flow ng into the spondeeictet OB ixdeprdos aRCthe Baepleifionwefitto ket réactibanimmtbef or
reservoir remai ns pinched shut. The assay card 200 is incubated at
anbi ent t%?l;r)‘perature for 30 mnutes. The signal is detected using the
assay apparatus 10 optical device 50 at 505nm ' Reservoir D

i s der essed bbhetahsy pam20Gak preedbi® thiadsay appsratusdfof | ui di ¢ channel is
rel eased by the valve roller 510 allowi ng the ethanoic acid to fl ood

the reaction ghagh Sirrs B3 afn@cARYddpstd s‘i'}ﬁlﬁfamstﬁiéﬁr dythOp@hs RIBEYo, Hﬁd

AP. The assay card 200°Ts | ncubated at anbi ent terrperature for

m nut es. reagents ﬂrwenm tarlixing chierhse MSawhidst ths mlh@ﬂasiwghaarpﬁé&ra@aqqu@ is
opti cal dﬁ}{éh%ﬁ gkhe%wé% Thi;§. absorbance val ue s deducted from
the previous absor bance rea Ing to prow de an indication of the
creatinine |level. 20-EXAMPLE OPERATI ON DNA EXTRACTI ON LAB-ON-A-CHI P
(LOC) UTI LI SI Noberexingrbanbes MiRissipprestod by the rofergpiftetho gonients, deyige dafo the
schengf i caldibn chsnba XRU ThOhi@BNGYRPRA RS A¥erv&ik @ raﬁams pﬂ;eﬁe%eshut
reagents contained within separate reservoirs Ato Care also

rovi ded
P whi ¢ hl'h%ra(sasa?%gl!d\é%b 1s chbated at ambient temperature for 30 minutes.

The signal is detected using the assay apparatus 10 optical device 50 at 505nm.

Reservoir D is depressed by the pump roller 500 while its microfluidic channel is
released by the valve roller 510 allowing the ethanoic acid to flood the reaction chamber RC.

15  Any waste ovérﬂow_s into absorbent pad AP.
The assay card 20G is incubated at ambient temperature for 30 minutes.

The signal is detected using the assay apparatus 10 optical device 50 at 505nm. This
absorbance value is deducted from the previous absorbance reading to provide an indication of

the creatinine level.

20 EXAMPLE OPERATION - DNA EXTRACTION LAB-ON-A-CHIP (LOC) UTILISING ROLLER

BLISTER SYSTEM

Figure 27 illustrates schematically the layout of an example assay card 20H. Three
reagents contained within separate reservoirs A to C are also provided which are activated by
a double roller arfangernent 500, 510 mentioned in Figure 18 above. The assay card 20H
25 comprises the inlet arrangement mentioned in Figure 16 above. Again, this is a schematic
representation showing the general layout and is not to scale; however, the detailed layout of

the assay card 20H will readily be apparent to the skilled person.



a double roller arrangenment 500, 510 nmentioned in Figure 18 above.
The assay card 20H 25conprises the inlet arrangement nentioned in

Figure 16 ain, this is a schematic representapi 20

t he generaﬁ?ﬁg;ﬁ/us@ﬂand is not to scale; however, the detgg? E {Wgyout
of the assay card 2011 will readily besapparent to the skilled
person. WD 2011/ 123064PCT/ SG2011/ 000128 51 DNA extraction is

performed by bphRd é%@fa&fon%‘ﬁé'rﬂﬁﬂe%ﬁﬂihg oﬁé]ﬁ?%:dWA ohfeRi@.. q‘ﬁéSﬁEﬁL‘
using GuHC1. The sanple is added and the DNA binds to the Si Q2

Unbound petargsidrsing G sHecbammpleyis addes andthp 20 biadeitorthe Sudrbopnhproteins
el ut ed byar@%%}ﬁ%' gﬁa}z %Qné Ia@g'%cfth‘é%éﬁmxﬂﬁmﬁ%t gel‘aﬁh% nerﬁra’%ﬁ’ﬁB'ﬂ% DNA’s

appl i cation we onto e test sanple’is
di spensedcharge with wxats:ponge blister SBis provided to facilitate
drawi ng of the sanple into the assay card 20H by pressing and

rel easy ng ( pr eg Saihie Qpﬁ’lfégﬁ(ﬁgw&ﬁm Iﬁ@m&%l &ﬁ&@hitcﬁ 118 s&ﬁ;ﬂ@ [sedidpahRd.

assay card 20H). A pinch valve is use to cl ose the sanple

application well S. dlnt d
rgfmved to opeh SRFEE Jﬁﬁst%f S rorevided %ﬂ@ wigeSldps '3 e?ecmfs’atﬁﬁassay card
Reser voi rag B@Pﬁeﬁdlﬂgsmﬁ(}&%lﬂgf ﬂz‘d@ﬂhéﬂ d‘élﬁmg)éﬁirh hﬂe%&eﬂ@ de¥Anble ) dssdyn

tris( hydrox% hyl ) am nonet hane et hyl enedi am net etraacetic acid (TB)
buf f er PU)-r B contains 100ul of Ethanol. Reservoir C contains
100ul of water. 15A waste chanmber WC i s provided containing void

vol ume and waddipingh vAlvérngedio didsaizaample appliqationy ek 8. I n
operation, the sponge blister SB is depressed and a protease treated

sanpl| fo IS appl A %%dt]ﬁ)ce%hg Rgﬁﬁﬁﬁm&fi‘z{é& w98 is removed to penTxﬁ%é&‘ﬁQ&ﬁm chamber

blister SB is release sanple 1's drawn Y e assay car
20H. 20ThECsaopflidg mitlannel S is pinched cl osed.

Reservoir A contains 100ul of guanidine hydrochloride (GuHCI) salt in
~ tris(hydroxymethyl)aminomethane ethylenediaminetetraacetic acid (TE) buffer. Reservoir B

contains 100ul of Ethanol. Reservoir C contains 100ul of water.
15 A waste chamber WC is provided containing void volume and wadding.
A harvest chamber HC is provided.

In operation, the sponge blister SB is depressed and a protease treated sample is

applied to the assay card 20H.
The sponge blister SB is released and the sample is drawn into the assay card 20H.
20 The sampling channel S is pinched closed.
The card integrity pin P is removed.
The assay card 20G is placed into the assay apparatus 10.

The reservoir A is depressed by the pump roller 500 and the reagent flows into the

extraction chamber EC.

25 'The harvest chamber channel and reservoir B & C channel’s are pinched shut by the

valve roller 510°.



The card integrity pin Pis renoved. The assay card 206 is placed
into the assay apparatus 10. The reservoir A is depressed by
the punp roller 500 and the reagent flows into the extraction chanber

EC. 25TheWhINEEB'hanber channel and reservoir B & C RGEAHREI1YEILZE o

pi nched shut by the valve roller 510'. .,WWO
2011/ 123064PCT/ SG2011/ 000128 52 The sponge blister SBis

depressed by the pu oller.500 and,the sanple flows. into th .
extract i on ShaHbapomER bisier S5 ieRef oy Ui METafe0d e b SPnbe g ino
roll er 50@eaxchctibechizgdgePC. I ows into the extracti on chanber EC.
Reservoir Cis depressed by the punp roller 500 and the reagent flows

into the extragtion. e IS
pi nched cl oseglf Sf/rQ/P ﬁg.&gg?p\;gess%?yl tg? pgr%;m%ﬁ%@(ﬁ@ tﬁ%% glE ﬂ@ﬂiﬁn%gtl}le
channel i&btapdmediamberditabl e t he extracted DNA to be harvest ed.
EXAMPLE OPERATI ON - ADENCSI NE TRI PHOSPHATE ( ATP) LAB- ON-A-CHI P (LOC)

TESTI NG 10 DEM§{Ervoir C is dggésgédﬂﬁme muﬁf oRlefboF A thSreh ¥t iOOTntd @ed.

preparation areas or wat sources usl ng conventional m crobi ol egi cal
t echni quessteetfonidagbgw@nd typically requires the use of central
| aboratory facilities. A nunber of rapid POC devices that utilise

bi ol un nescencpealdsRWhh@bertHshef i@ plrhed GALQBY thetvlRE rdlleP¥i FQnd @R Wakvest
often in mnutes. Biolum nescence can be used to 15detect ATP

(adenosi rehamberhaatsh istapgneddo gblthe exfeacied APHY tbehesssiet t he
bi ol ogi cal nmetabolismfound within all living cells. An enzyne,

| uci f er asexAkPAGEOPRA TGN T DENOsERRIIFHIseHA TRIU T LiAR-01G-ArCine (LOEY TESTING
assay, ATP content. ATP is used to hel p catal yse the conversation of
| uci f i nPEYSBstrate) to oxyluciferin (product). The amount produced,

whi ch lts An..th i 0 i
of 11gnt. i s dRubiE REREHERRR ol FoiRbharitith P Gouli3BlsREGHY O
anmount of coA¥éntiohatmitabiobginal exliniques exh Yersbow amiyty biadiyaedqurep tiesse df central

Figure 28 jllustrat.es schematical.l | ayout of an exanpl e sa
card 201 oo glfit ATE HeRPnPOk frsay Brlss BRuF SR Feea iRt
are provigesh fakibicBadbut tidt biovadegebuly oflerdia witheted. BlidlehinasceaddaanBaised s,
510 nentioned in Fjgure 18 above. The .assa carg 201 ... .

15 detect ATP (adenosine trxphosphats, a ubiquitous compound used in the biological

metabolism found within all living cells.

An enzyme, iuciferase, together with its substrate, luciferin, can be used to assay ATP.
content. ATP is used to help catalyse the conversation of luciferin (substrate) to oxyluciferin
(product). The amount produced, which results in the production of the short but stable .

20  production of light, is detected and quantified and is proportional to the amount of ATP that

has been extracted from any bacteria present.

~ Figure 28 illustrates schematically the layout of an cxample assay card 201. Two -
reagents contained within separate reservoirs A and B are providéd which are activated by a
“double roller arrangement 500, 510 mentioned in Figure 18 above. The assay card 201
25  comprises the inlet arrangement mentioned in Figure 16 above. Again, this is a schematic
representation showing the general layout and is not to scale; however, the detailed layout of

the assay card 201 will readily be apparent to the skilled person.

-A sample application well S is provided into which a 100ul test sample is dispensed.



25conprises the inlet arrangenent nentioned in Figure 16 above.
Again, this is a schematic representati on show ng the general |ayout

and is no ; however, the detailed | ayout of t d
b Pk Bergpatit

201 wil | apparent to the skilled person. A

application well S is provided into whiggh a 100ul test sanple is

di spensed. WO 2011/ 123064PCT/ S&2011/ 000128 53 A sponge blister
SB is provided, b 8Rdet $B {s364Vid 1 aWERAIAE atDEnSETRE Sinkgld Bed e
assay card 201AE@&§%§§§51%%B as?'i]g rlee]tdgjgg‘flng %\%relss V\henng':lddi ng s}génpl e,
rel ease tosayrand 2@ riylrecssing endisteaying oress 20ie) addingrsamptie, velage td draw sample
provided to close sampl e application well. 5A card integrity pin
Pis provﬁng)e%fs%ﬁagt]ﬂﬁ% Tenoved to open up the reaction chanber RC :
m crof | ui dic path. ~ Areservoir Ais provided which contains
50ul of a |ysi4 pinshuelveis ravidedsa clesa the sgmpfe ppplicad@rwgiNaol- 1) .

A reservoir B is provided which contains 50ul of a working reagent

sol utipn Sodi umcd: ihtaaHty birSeHsRrli@d(vaBEN M rddRrRES td Sitdn hipdle reddiivh chiiber
4mM Mgdl 2, 150nmM NaH2PO4, 3.0g/ L BSA, 10g/L, 10g/L Trehal ose, 0.4 nmM
D- Luci f er R migrflaidiqpathuci f er ase). A reaction chanber RC is provided.

A waste blister AP is provided containing cellul ose-based waddi ng or
pad. A rdservopex Ripreidedtvitdcisqatge 0Ll cftadysiSHlutndEntoadseol @ad.),

t he sanpl a urine 15sanple, is applied to the assay card
201. The ﬁg@ﬁééﬁﬁﬁﬁster SB rel eased and the sanple is drawn into the

assay card 201. The sanpling channel S is pinched closed. The pin P
is renpved to 4 oespiveirtBhis pspoded eviiddh wntins SBulwifatwarking reagerttisointiehSedien

RC ThE SROnOS Bl S5 85t EPES GRF 535 SnABBTA) SnRPRICE 15641 NSO

reaction
3.0g/L BSA, 10g/L, 10g/L Trehalose, 0.4 mM D-Luciferin, 12 mg/L Luciferase).

A reaction chamber RC is provided.
A waste blister AP is provided containing cellulose-based wadding or pad.

In operation, the sponge blister SB is depressed and the éample, such as a urine

15  sample, is applied to the assay card 20I.
The sponge ll)lister SB released and the sample is drawn into the assay card 201.
The sampling channel S is pinched closed.
The pin P is removed to couple the sponge blister SB with the reaction chamber RC.

The sponge blister SB is depressed and the sample flows into the reaction chamber
20 RC.

The assay card 201 is placed into the assay apparatus 10.

The reservoir A is depressed by the pump roller 500 and the lysis solution flows into
the reaction chamber RC while reservoir B’s microfluidic channel is pinched shut by the valve

roller 510.



20 RC. The assay card 201 is placed into the assay apparatus 10

The reservoir A is depressed by the punp roller 500 and the lysis

solution flo in the reaction chanber RC while rese I '

m cr of | ui HY%ZV@HEHfﬁ% i s pinched shut by the val ve rol Igﬁyﬂgé@%ﬁ%s

2011/ 123064PCT/ SG2011/ 000128 54 Ehe assay card 201 is incubated

at anmbient tenperature-for 2 mnutes. If will be appreciated that

this may be SI . e ed-
?%&frﬁ% M?S] %ﬁ)@%dgpzﬂﬁﬁ%ﬁ:t‘ezn zétlpr)é 5 Mu%g IE hég

on the assay car eSErvol r epress
purp rol | gipré&ied thitehis uray be sighaled 608 adspsgpatahs 16iby infcking quw@kiamrm

coupled with re$g voir A, and the sodiumlauryl sul phate sol ution
flows i ntHPhE ¢ €dcti on chanber RC. The assay card 201 is
i ncubated at anbient tenperature for 30 minutes. It wll "be

appr eci at ed t hResetvhird ivtihentsieprsésgiby 8 pumptrbiéer §9¢,4he pypraroded)0xdospythe
| ndeX|§| 9 %h%?%g ﬁ%rﬁnélhch% ﬁ§ 8%{1 {31%8 (Alané‘%lggdzﬁﬁqq lsL%ﬂE?etsgigtinﬂows

reaction u§|ng he "assay’ appa
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one enbodi nent . I'S arrangemnent ises a single ro punp
nmechani snappreciatdd that this aay besighdled fortheimpsayoapgaraths d 0 byl urrc@klylg reovirkkdentthay
600 is prOV|de to which the assay card 20, for exanple, is placed."
A conpr esEFBrCAE %‘ﬂani smis provided having a single roller 70A on a
gear track 620 whi ch -squeezes the reservoirs. The conpression

mechalfl sm may H@Spﬂi@bﬁ'@é(ﬂledﬁacﬁlhecmr REdythendetearprbusingihe assay apparatus 10

mechani s the single roller 70A onto the assa
n Ef dbAcPEESS si ng ssay
card 2020 aaééﬁ?gns‘?(ant pressure. This arrangenent is

simlar tothat of a CD- ROM push-in nec a mfo ndo conputers and
provi des for |WW§%"€W%@)‘?W%‘B‘1”BFPT?%P &?Ff’r e applied
pressure and on the positioning of the assay card 20 within the assay
appar at usAl-PErNAUSVEWssaYArmrgRervsol | er 70A reduces the |ikelihood of
slip which may occur in a double roller arrangenent. 25In addition,

a charge coupl%EUIQQQﬂlbéertM%wmpﬁa@ﬁ(ﬂen@NW aecprdiBg taangteatpodiment.
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and verificati area e|n transferred i'nto the
reaction Abmndmgly, a base tray 600 is provided into whlch the assay card 20 for example, is placed.

A compression mechanism is provided having a single roller 70A on a gear track 620 which
squeezes the reservoirs. The compression mechanism may be provided on the baseAtray 600.
The compression mechanism may be sprung to press the single roller 70A onto the assay card

20 20 to apply a constant pressure.

This arrangement is similar to that of a CD-ROM push-in mechanism found on
computers and provides for increased control on the mechanism, on the applied pressure and
on the positioning of the assay card 20 within the assay apparatué 10A. Using a single roller

~70A reduces the likelihood of slip which may occur in a double roller arrangement.

.25 In addition, a charge coupled device (CCD) camera (not shown) may be mounted
directly on the reaction chamber to provide for real-time moni'toring and verification that a

reagent is being transferred into the reaction chamber.
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card 20 in the base tray 200 enabl es the exact |ocation of the assay
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sequenti al ly. [ ca i Mmunoassay 1 equi'r
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ant i body i nmobi on t.he reaction zone. A washing solution is
punped towf“ﬁés?’L ‘f‘?q% e%‘ﬁoémleB%ffaﬂﬁPE Sthe sanpl e and unbound anti gen.

An enzyne | abel |l ed antibody solution is punped to the reaction zone.
The anti body iJBmbestiments provide aanrangeiseqyentsl inisction oé saagent dneide inte dregptéon

i mmobi | iz g}tqm%nlt llnlgiﬁ)?g B&%&%@%&nﬁ?‘@ﬁ%ﬁﬁ of % fnﬁfl@amd reliable squeezing

anti bodyantigen-a solu
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REAGENT S&8gEVOIr is careful]y etermined to make sure the contained liquid is squeezed out

sequentially.

For example, a typical sandwich immunoassay reqﬁires following steps: the antigen in
20  asample is bound with the antibody immobilized on the reaction zone. A washing solution is
pumped to the reaction zone to flush the sample and unbound antigen. An enzyme labelled
antibody solution is pumped to the reaction zone. The antibody is bound to the antigen which
is aiready adhered to the immobilized antibody creating a sandwich structure: antibody-

antigen-antibody.

- 25 - The washing solution is pumped to the reaction zone again to flush the unbound
antibody. The last step is to pump the substrate solution to the reaction zone. The substrate
molecules react with the enzyme generating luminescence, fluorescence or colour change. The

light signal is detected by an appropriate electro-optical detector fnodule.



In order to provide for long termstorage of a reagent in a reservoir
or blister, a reagent sack is provided as nentioned above. This
approach events the reagent frommagrating along the mcrofl uidic
channel s; e‘fﬂ 4t he reagent reacting with any adhest VS GREVORLEP <
5and | osi ng act|V|ty, and prevents the q.eagent from being denatured
by light and humdity. . The reagent sack is an alum niumfoil

sack seal ypr opyl ene backing with highly | ocalized
i nduct i onﬁﬁ@é&?%'f)all’he reagent sack is made fromalum niumfoil which
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silicon rwhbei ineg smrfm:ss:e@hrxgmateﬂdheachast&qn@nbam hol-e 1015. ' The
alum niumfoil 1020 is deformed which creates a container by the

force pf the s A?Hﬁ’shé@%?c %ieggﬁc &1?19 Fikr f(ﬁ?ﬁﬂ%@wh . BEhLRENpR tﬁﬂﬁ)hshed
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fieldis i ed t he t ube, sha 1050 fo very short
e (ty prlaredristnp aotdoSh 1B SR o8 bl RS st o Eimenici o
al um 1§ uniht edsbrvdR2AithinWHadteth€ feagdnit M:kl]%%@ﬁcé’tﬁat . Accordingly, a
highly localized, short |ived heat pulse is generated al ong the edge
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and a stamp 1030 made of an elastic silicon rubber is pressed over the rectangular hole 1015.
The aluminium foil 1020 is deformed which creates a container by the force of the
stamp 1030.
20 The reagent is then injected onto the aluminium container.

A piece of polypropylene film 1040 is placed over the aluminium foil 1020.

As shown in Figure 31, a tube shaped copper coil 1050 is-aligned over the aluminium

foil 1020 and polypropylene film 1040.

Pressure is applied to the tube and a high frequency (typically between 0.1 MHz and 1
' 25  MHz) rotating magnetic field is applied to the tube shaped copper coil 1050 for a very short
time (typically between 0.1s and 0.01s). Eleetrons within the aluminium foil 1020 vibrate
creating intense heat. Accordingly, a highly localized, short lived heat pulse is generated along

the edge of the rectangular hole 1015. This causes the polypropylene film 1040 to be sealed to



the alumniumfoil 1020 al ong the edge by the heat and pressure.
The.reagent is unaffected by the heat or the magnetic field. A
punch (not shomn is pressed onto the foil and the reagent sa9

cont ai ni n§'AHA1E%ent is obtained, as shown in Figur Gmnlumuz%he
reagent sack 1060 nmay then be inserted«snto the blister or reservoir.
When the roll'ers squeeze the reagent sack 1060, the al um nium foi

1020 rupt and t ent I.nt istel: ol
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assay card 1100 in direction A and di spl aces reagents from 15each
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this exanple h . thick elast bl es
the rollers té%%%éwﬂ}géﬁat%ﬁl q‘s%alytcﬁrdvxﬁioﬁ %CO%B%{O%%%{DEBJF"%@ ?ggervm rs
and spuasémtrdihén hﬁshafdaeéegent'l’mrvtohk tiate$ K30, $14(m‘abhjemmﬂn@m ddseciatadbunt
of bare assay c rea, the reserv0|r and. the fluidic channel
one can BEsh ahRHEh Tyt RV gRR, SaraudrL. AdamplegH triudet S U S5y
reagent r@s@(MWithrobditsh infel 34 redak@ ih@shambat £150f Allétéﬂapasﬁdjfadﬂlﬂﬁl 160 is
associ ated therewith coupled with the chanber. 1150. The nlcroflgkgic

channel s Big¥ded schgs wamalﬂmugsasw@érm A pibyalls; grengement 11403 proy
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or tail of each reservoir such that the mcrofluidic channels are
onl y bont ¢ech eagetygir ithsequgsice to neagit with tbﬁ samplpednd iieald gaph migroBuidicishannel
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reser voi rgickkPStic silicon rubber. This enables the rollers to move back and forth whllst squeezing
20 the reservoirs and squashing the channels. The thickness is influenced by the amount of bare
assay card area, the reservoir zone and the fluidic channel zone can be absorbed by the highly

elastic silicon rubber.

Each reagent reservoir 1120, 1130, 1140 has a microﬂuidﬁc channel associated
therewith coupled with the chamber 1150. The microfluidic channels associated with the
25 .reagent reservoirs 1120, 1130, 1140 are located away from the split roller arrangement 1170 at
the bottom or tail of each reservoir such that the microfluidic channels are only contacted by
the split roller arrangement 1170 after the associated reagent reservoir 1120, 1130, 1140 has

been compressed.

‘To enable the microfluidic channels associated with the reagent reservoirs 1120, 1130,
30 1140 to be routed to the chamber 1150 requires routing space adjacent the reagent reservoirs

1120, 1130, 1140. To increase the reagent reservoirs density, the reagent reservoirs 1120,
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nore colums. This provides the space required for routing the

m crof | ui di | s. The split roller arrangenent 1
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the assay card tg,be positioned in a |logation that can be i by.
the mobi | RARRGna BuAhoBE Bzt U alls FbORen fhe ity 55 e LEF WHich
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15control the operatiopn of the ass appar a .and _to,send, .
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transgei Vra command intB9rédR, QREBASRGAERMsMisKRdn kd BB BssaY afpfafdtls fBcedures,
information (P1 to P5) and five itens of timng information (T1 to

T5). | n aRier bprshing prrsedyress Befdinggonted] persedurpeandeagnimisatieiopracaghres 19
reservoi rg, apdho oﬁtﬁ% ﬁ'saytcgrcﬁg eﬁ%blé’}’%r%&ar‘ﬂ@%bth@ Essgyl {:jara fofd VOI I'S

shoul d be conpreSse ough the l'ength and/or speed I nformation
may be prmsitionesd iarmtechtion thal eantbeamagesizby thepmabiket phohe. Tha assdyl appaatys cohins

QR code mmy. encode informatkon relat.ing ta.the w.dth, vo Qr
cont ont s DHRrot B BlnERb el S ke e figifiitohioe KRbIT By et

nmore I | @asol thé opermionai themysay eppaatagadl to kend ibfosmaicarp be, mdileiphoiehe
di st ance fromtﬁ.e as’rgﬂ%@c&rd 110 edge to the centre of the QR code

1110: P2 Y5uhg Ipdnigiexg YeRety &R first reservoir 11200 P3 is

the di stance to 25 edge of the second reservoir 1140; P4 is the
di stance to edje QX cadeentdties five ey ofgiositidd Bdormatich (3 t6 5} dnd fdiedteom o€

fromthe far edge of thdrd _neservoi £51130 to th et ecti one
1760, 1'n Yipe S 3uon (PR o 41885 (B OR Hdomh ellfe BE1EEM Gladfin
The | engthsepfoitshedoete speet Se tnb3 ht whiph eh loy albeesérivodesshawid bk kbmplessadt h
w il typicall e stored in the assay apparatus. The vol une of the
Feserdby r(irth St S Getr iy TR AR B ROy i e assay

[ €Ser voi rappkigE) Bf addititd, fie YRBSHe R hbodefinfoliatiof $EAUR th $heWMth) Solume or
changed by | ength information encoded in the code. WO

2011/ 12305nrutsofeach 195enirs 98 caygse, it will be appreciated that more or less information may
be encoded. In this example, P1 is the distance from the assay card 110 edge to the centre of

the QR code 1110; P2 is the distance to edge of the first reservoir 1120; P3 is the distance to

25  edge of the second reservoir 1140; P4 is the distance to edge of the third reservoir 1130; and
P5 is the distance from the far edge of the third reservoir 1130 to the detection zone 1160. In
the example, {P1,P2,P3,P4,P5} ={22,10,15,15,15} in mm.

The length of the reservoirs will typically be fixed and this length will typically be
stored in the assay apparatus. The volume of the reservoir may then be changed by varying the
30 width of the reservoir. However, the assumed length of the reservoirs may be changed by

length information encoded in the QR code.



The operation of the assay apparatus and nobile phone will now be
described in nore detail with reference to Figure 34. At step
Si 00, the_assa d 1100 is inserted into the assay a

(denot ed g(azé‘ﬁgl n Figure 34). BAt step S110, the aE§§§8@gﬁ?P°¥foo
i s advanced by the distance Pl rapidly 490 reduce processing tine
using the rollers 1170. An offset routine applies an offset to this
di stance whic I R4 rggtdgg 04
prevent the &T@%@hﬁiﬁéf@nr@gﬁs}ﬁ eﬂ)ﬁgﬁ% ggt?fogaéggg%he sgﬁ' r]l in more
ar r angeneddtaill with reféenctte pigere 30, the QR code is read by the m)bl |l e
phone. After a delay tine of T1 to 10 all ow nobile phone to interpret
the QR code, N HEGH, e adlhy BAra £6h ts@nsth@d iahe gsrs?sggﬁaraﬁﬁ%&tnaftq akhe -
position and timng I nformation and any ot her enco information
such as stsedsin Eigoread¥dnitted to the assay apparatus at step 5130. The
of fset applied by the offset routine at step 5110 is then reversed.

At step S140 tResgsSBY, &8 d§&£@1t@0 B duHRERTby e BidtahedP [dHayidlyt th edtuce
advanced slowy at 15 spee for the length-L of the reseryoir

1120 to sPioesssiag tle@étsmeltbe rollerg 1 4{{H Agrodispiaauting agplipsan offset i dys digiancet o
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apparatus t Its ! 50 the assay
card 1100bsding ddman@éﬂtmm?(%llerraapﬁmn(bmch cl oses the mcrofluidic
channel coupling reservoir 1120 with the chanber 1150), then advanced

slowy 20 at spegd Si20f e gﬁ\?dbWﬁd“b)&l—th@fnobﬂ@pﬁtﬁéeAﬂ&'ardeﬂa}"tﬁlédITl to
S

squeeze reservoir 1140 an signal 1 s then sent to th
nobi | B0 phdlles mpbilephepe @a;gemrgtt @Bw&%a ressagh és digndayed thibe yaes gistep S120

appar at usa&dhﬂ@ (Y:\ﬁiotn ﬂn?éf’mtaﬁ(ﬂ? n-ﬁ‘?ﬁnmthcr enc@ﬁedsihﬁpm§po§(§u{:]h§s 5‘3§<§iai¥

card 1100 1s vance - L rald | oses the mcrofluidic
channel cfmmtsirmltag to é@@swmppmﬂn@awe@lﬁlﬁhé’ t@m&ﬂm@pplleﬂ%)the effishroativesicteg
slowy 25 ed S r the length L of the reservoir 1130 to
squeeze r sle)rlggllemelv%?ﬁgand stopped. A signal is then sent to the

nobi | e phone and a nessage is displayed to the user. The a
appar at us t henAifign 3140 dke aseqyzpard 1198 ispglvanced by P2 faMIYstb@padS&Wd slomdy at

?ﬁZﬁytﬁf‘[% %&QP{%I eQEﬁgi% E%_Fg“)étrgér\ro 19b Yo a@mzététe%ft uiétws?@@t@ws

o allow an i noreaction to o
si gnal i ss:grtaérsthementto thepol3 @ phohe 4rel auhensageandisplayedds thyasers Thig aspdyay ed
to the usgr 2011 1S}QOll/ 000128 60 The user then
t akes a par%’?ratu waléjef% ? o%lzzone and the nobile phone anal yzes the
i mge. Using int er nal calibration data, the colour signal fromthe

i mage i s convehtsiep $1t0dheassayrerht 108 ds esiyarsed by P Al grapidli (phichrrdeses tet he
test s arrpll_n?croﬂmdlc channel coupling reservoir 1120 with the chamber 1150), then advanced slowly

20  at speed S2 for the length L of the reservoir 1140 to squeeze reservoir 1140 and stopped. A
signal is then sent to the mobile phone and a message is displayed to the user. The assay

apparatus then waits for delay time T3.

At step S160 the assay card 1100 is advanced by P4-L rapidly (which closes the
microfluidic channel coupling reservoir 1140 with the chamber 1150), then advanced slowly
25 -at speed S3 for the length L of the reservoir 1130 to squeeze reservoir 1130 and stopped. A
signal is then sent to the mobile phone and a message is displayed to the user. The assay

apparatus then waits for delay time T4.

‘At step S170, the assay card 1100 is ejected by PS5 rapidly and stopped. The apparatus
then waits for delay time T5 to allow an immunoreaction to occur. A signal is then sent to the

30" mobile phone and a message is displayed to the user.



The assay apparatus then ejects the assay card 1100 conpletely until
an optical card sensor (such as a photosensor) detects the assay card
edge. In this example, {T1, T2, T3, T4, T5}={10, 15, 15, 15,3 I.h.secaonds.
Al t hough 2 in this enbodi nent does not take a@gﬁﬂﬁ@fﬁﬁﬁPﬁe
speed of advancing and squeezi ng the rgﬁervoirs, for other

enbodi nents, -the speed of advanci ng and the distance advanced may be

taken into acc LSt 1t m . B e-.chibi .
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i nf or mat i ‘E?Hc‘fr’(t@’ﬁ%" ?&m%m%bﬁa'&cgﬁgpgﬁgswq?egi ster a new Pl and T1 -
val ue, the user will scan the QR code manual |y and the nobile phone
wi || send t hi sThersssay apparans theon ejaets ﬁg@a@aywépi@é@ earoletaly vat! arpengical card
This Bl and_ Ti. infor ion. i i or next assay card of

t he sasrlre ﬁ?f‘?%ﬁsucpasaﬁ.i?ott(\’/\gﬁ%ﬁm)zdé%%gkrle:%:%%tc%agd/%%t the QR code technique
could equally be applied to the other enbodi nents nentioned above to
provi de posi t ilothis easiphatTod 2, T3 T hy = M b bad 3-3101 df sepdsr  pr ocessi ng

i nformati on such as when to heat or perform sonme other operation on

the assay 20caiehonfiPhefitihy/n tHidletbodiment ddek GetitgkeIdcdunt ofthe siced ofin
absorptive joint arrangenent. \Weneyer nuIH%ﬁle flyidic channels

meet, t hed¥ancingandisquecging therserYaiks, 19Epleresmborungnts, thgispeediph adveneing and 1y
can resul fe ifdiafbeddVonRl nla9 B tiken fiohdoudié ROUERNINR feaabrRhe-Ghranel s

and doubl e roller arrangeirents 25 nmentioned above can address this
pr obl ¥’ mew@dioas.appr oaches can increase conpl exity and cost.
Accordi ngly, an absorptive pad 1200 is provided (which may be

provided in theePhanbdn vhiledmeaE bé hrade @D2Mm ankhBsab the fipiniwe: @aoftware
1200 such as a glass wool disk is p[o%GQed wth eff ctive{y an ]
i nfinite 9fiteimebinehopeii e QR snde iyaied ip fassame sy ghibe 5B logatipnsach s,

2011/ 12304 P AR IR En B reAaindbRliah. TITEHBRASAAY PShid P1 3448 the user
conbi nation wth an absorption pad 1250. The absorptive pad 1200 is
hi ghl y hysillostn the QR code manually and the mobile phone will send this information to the assay

15  apparatus as an update. This P1 and T1 information is then effective for next assay card of the

same kind.

It will be appreciated that the QR code technique could equally be applied to the other
embodiments mentioned above to provide position information, timing information or other
processing information such as when to heat or perform some other operation on the assay

20  card.

ABSORPTIVE JOINT

Figure 35 illustrates an absorptive joint arrangement. Whenever multiple fluidic .
channels meet, there is a risk of back flow between the fluidic channels which can result in
“mixing or loss of fluid. Although the sealable channels and double roller arrangements
25  mentioned above can address this problem, these approaches can increase complexity and

cost.

Accordingly, an absorptive pad 1200 is provided (which may be provided in the
chamber 1150 mentioned above). The absorptive pad 1200 such as a glass wool disk is

provided with effectively an infinite flow sink such as a nitrocellulose membrane provided as



In this exanple, three reservoirs 1210, 1220, 1230 are provi ded which
are coupled with the absorptive pad 1200 via mcrofluidic channels.
The absorptive pad 1200 is provided 5at the joint of t cro idic
channel s @ % the reservoirs 1210, 1220, 1230. Egngkg%V%P#@e
pad 1200'has a flowrate fa The flowrgje fl, 12, 13 provided by the
reservoirs 1210, 1220, 1230 is nmanaged by controlling. the size and

configura ﬁgﬁ Q1L
channel s éllr?lg& ﬁ%n@gg%%sﬁﬁﬁ EMO% %@é&na@& %glth esQMPEanpdta'hlezggblgﬂgrag%&etlve
flom1ratepabﬁMBmﬁﬁgmyhgmapMDcpt|ve pad 1200 has the strongest
absorption 10speed, quickly absorbs fluid and slowy releases it to
the nitrocel | unqss o Eanes o HigkaRam B, iz%/efzaﬁa;yﬂrbﬂayd $hieHakRblpled N
this way, the absorp acts as a buffering zone.

Accor di ngwith ﬂtehéascfrpmw pakidtZOG ela@hgpﬂuﬁw c&bmwtqoifh&/@smdvqmdol 20 is provided
absor bgd the S L

This & rab[ herﬁé) 8#@%&11"‘”% gldgzn?i‘ WQ’L P& ﬁﬂ(;o\%ﬂ %:gess%}@glﬁﬁdﬁ& “’/“b&{) e1823,9 he need
for seal abl e 15channel s or double rollers.

appr eci at ed t hbhe abperptivanadrlago bas atﬂﬂéﬂ it %T@ﬂo‘émﬂb ﬁ?eﬁi erowéﬁti bwed
above can I

appropri a{egé?@(ﬁ# %ﬁtlﬁel 24 ”ir?t?)’ %d? Qﬁ%or? l&%ﬁnﬁlg gjetsaiiel a:ng ??@? g 8 Iogglgd
Each of tieserap i2d6y lmﬁslﬁﬁﬁhpmceqﬁlsdmhannoh@dd thﬁ spemd@f dmagllfmnto bederd

each docu cite
ool oot 1 DR e frsBRt B el Tor TGRSR RAF pel 179034808 ¥onasyt shsorptiog,
t he appl im&d,qa&k@m&scﬁa& Bt and ¢ lawgzl relzadek (o memacbcdmﬂwmmmﬁ'raneahat hany

nanufacturer uctions qr catal qgues for roducts cited or
ment i oned!oMr %agéﬁ oy e, L waxu%@v%%zﬁawp%ﬁdéﬁﬁé it 4 BPEAPE 4715 e
application cited docunents, are hereby incorporated herein by ‘
ref erence. Fu rAd‘nerdinglyg,,thaﬂd)w that reaehes sheabsaptiverpatl 1260 tseksorbedriyy the £lags
docunent s cuteg o ﬁ qg in docunents cited - in this text, and
any manuf J8¢ ¢ P‘?ﬁﬁﬁﬁq‘ 0% or cat al ogues for any products cited
or nmentioned in this text, are hereby incorporated herein b
reference. VarThisarangainentdnsinplesnd rbustalovagastand obviaten é’led?@%fgl’f Beadable
nmet ho sinvention will be apparent to those skilled
in thg§ar@gn&¥% (ﬂbggﬁgr I'ng fromthe scope and 30spirit of the

i nvention. Althou?h the invention has been described in connection
with specific It il by ampesciabed thaithrateatarss of theditfgsert eabpdimgnts sieationsd 2bpvst
t he inven

Speci 11 o rnour e amBREd SROHLTAR. e porio bioBEhy b B bnations
modes  f or themthoge exglieity disalessdavent i on whi ch are-obvious to those
skilled in nolecular biology or related fields are intended to be

wi thin the scopghoftHehPplidaBbitfand patents mentioned in this document, and each document

20 cited or referenced in each of the above applications and patents, including during the

prosecution of each of the applications and patenté (“application cited documents™) and any
manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby
incorporated herein by reference. Furthermore, all documents cited in this text, and all

25 .documents cited or referenced in documents cited in this text, and any manufacturer’s
instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the
invention will be apparent to those skilled in the art without departing from the scope and

30" spirit of the invention. Although the invention has been described in connection with specific



63 CLAIMS 1. An assay apparatus, conprising: an assay card
conprising a substrate having at | east one conpressible reagent
reservoir thereon, each conpressible reagent reservoir containing an
associ at eV WAHRA4and each conpressibl e reagent reser POl SCHEIHYES
coupled with a reaction chanber and a sgal able inlet port coupl ed

wi th said reaction chanber and operable™to receive a test sanple to

compr 1 & pE Bl ROPRUEERY habnE RO e EuREAE Bl S 2B B notbe

conpr esz | BRIy 1ﬁaﬁ§nb sﬁ@x_sspéd(&jiﬂi:' Ergbaﬁﬂi@alhtsﬂn@%ghaﬁsm_ﬁb(ﬁﬁ&diof;ﬁﬂghaﬂest:ﬂbdde
injécted in a predetermned order jnto said reaction chanber to. react
wWih sai dm%f‘sstfgrsfaﬁrpnr@;ouam Inyepien which é"\?iogé“’ﬂb@r Fé‘r}'{‘B‘P @éﬂ@?ﬂ*ﬁ*’é biplogy
negative prepgdtRIRLrSRiHdddth 8t wili tht Sopddf b claB&ei Vi ng sai d test
sanpl e; erein said vacuum devi ce conprises a resiliently
conpressi ble reservoir containing a sponge in fluid comrunication
with shid inlet port operable to receive said test sanple. 2. The
assay apparatus of Caim1l, wherein each of a plurality of
conpressi bl e reagent reservoirs is |located at predeterm ned | ocations
al ong a predeterm ned actuation path along said assay card to be

foll owed by said conpression nechanism 3. The assay apparatus of
Claim 2, wherein said reaction chanber is |ocated al ong said
actuation path and those of a plurality of conpressible reagent
reservoirs | ocated furthest away fromsaid reacti on chanber al ong
said actuation path are conpressible to enable injection of

associ ated reagents prior to those of said plurality of conpressible
reagent reservoirs |located closest to said reaction chanber. 4. The
assay apparatus of daim2 or 3, wherein at |east two conpressible
reagent reservoirs are |located at the sane predeterm ned | ocation

al ong said actuation path to enabl e sinultaneous injection of

associ ated reagents into said reaction chanber. 64 5. The assay
apparatus of any one of Clains 2 to 4, wherein said conpression
mechani sm conprises: a roller operable to nove relative to said assay
card, along said actuation path. 6. The assay apparatus of C aimb5,
conprising a secondary roller operable to nove relative to said
roller to conpress predeterm ned areas of said assay card.



7. The assay apparatus of Claim6, wherein said assay card conprises
m crofluidic channels routed to said predeterm ned areas to enable
sel ective conpression of said mcrofluidic channels. 8. The assay
apparatus of Claim?7, wherein said mcrofluidic channels are

sel ectively sealable. 9. The assay apparatus of Caim7 or 8, wherein
said assay card conprises: a plurality of sheets arranged to forma

| am nate, at | east one of said sheets being a thernoplastic having
sai d pluﬁaﬁﬂﬁﬁsof conpressi bl e reagent reservoirs, said reaction
chanber and said mcrofluidic channels formed thereon. 10. The assay
apparatus of Claim9, conprising a heating el enment provided on one of
sai d sheédts oparsisyeppaathsgomprsitgiassay card. 11. The assay

appar at us of i el n i a i
Fect i oal “nedl i) R st SRl BRI S AR b BRI 3E8 e
el ectrical cofksasdis tlzpenadick compeaiEe ragend réveabirgn@infimeniassocided The

assay apparatus of a(Pgacgne of ains 2 to 11, wherein satbd assay card

control | er coffpsyyaw SOPRESHPlP ST IESEOHHEIE G URIS] YR 3dEa5TE

novement sai doiGRRF SRE4 RA1aPRGHRIPHRRPRAWidALM Radieathabapasd. 13.
The assay apparatus of any preceding claim conprising an i ndex

det ect or oper ensrable to rdesieca tegrFamplgd bo goryersktnisaighrpacion elaanbst sai d
assay card to . i i ded to
o d cont rol | 2r S Bn BN aRicg Mk sl RR P o
i ndex det ect otompespeacladingressibdeteegmnt ses@ivoir & ¢anye aich assdeiated geagent to
mechani sns prﬁvj ded .on said assa l_;(:iand toiﬂoroduce

control si gnaP% % H4n pPEIFGERNES OLSE ftogs ’ie%‘ftllogrchgmgér % fatt Wi Said
test sample; and .
a vacuum device operable to generate a negative pressure at said inlet port to
assist receiving said test sample;
wherein said vacuum device comprises a resiliently compressible reservoir

containing a sponge in fluid communication with said inlet port operable to

receive said test sample.

2. The assay apparatus of Claim 1, wherein each of a plurality of compressible
reagent reservoirs is located at predetermined locations along a predetermined actuation

path along said assay card to be followed by said compression mechanism.

3. The assay apparatus of Claim 2, wherein said reaction chamber is located along
said actuation path and those of a plurality of compressible reagent reservoirs located
furthest away from said reaction chamber along said actuation path are compressible to
enable injection of associated reagents prior to those of said plurality of compressible

reagent reservoirs located closest to said reaction chamber.

4. The assay apparatus of Claim 2 or 3, wherein at least two compressible reagent
reservoirs are located at the same predetermined location along said actuation path to

enable simultaneous injection of associated reagents into said reaction chamber.
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5. The assay apparatus of any one of Claims 2 to 4, wherein said compression
mechanism comprises:

a roller operable to move relative to said assay card, along said actuation path.

6. The assay apparatus of Claim 5, comprising a secondary roller operable to move

relative to said roller to compress predetermined areas of said assay card.

7. The assay apparatus of Claim 6, wherein said assay card comprises microfluidic
channels routed to said predetermined areas to enable selective compression of said

microfluidic channels.

8. The assay apparatus of Claim 7, wherein said microfluidic channels are

selectively sealable.

9. The assay apparatus of Claim 7 or 8, wherein said assay card comprises:
a plurality of sheets arranged to form a laminate, at least one of said sheets being
a thermoplastic having said plurality of compressible reagent reservoirs, said

reaction chamber and said microfluidic channels formed thereon.

10.  The assay apparatus of Claim 9, comprising a heating element provided on one of

said sheets operable to heat said assay card.

11.  The assay apparatus of Claim 10, wherein said heating element comprises an
electrical heating element and said assay apparatus comprises electrical contacts operable

to power said heating element.

12, The assay apparatus of any one of Claims 2 to 11, wherein said assay card

controller comprises:
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a controller operable to vary speed of movement said compression mechanism

along said actuation path.

13. The assay apparatus of any preceding claim, comprising an index detector
operable to detect an indexing mechanism provided on said assay card to produce at least

one control signal to be provided to said controller.

14.  The assay apparatus of Claim 13, wherein said index detector is operable to detect
a plurality of indexing mechanisms provided on said assay card to produce a plurality of

control signals to be provided to said controller.



