1 ASSAY FIELD The present invention relates to an assay and method. BACKGROUND 5Assays for
the detection of target substances in a sample are known. For example, a dipstick assay is also
known. A dipstick assay is typically a simple one-layer membrane having dried reagents. The dipstick
assay is very low cost, and is very easy to make in a narrow and long format which is beneficial for
direct urine sampling. However, such dipstick assays provide simple colorimetric biochemical testing
for qualitative screening, which means only relatively; 10 simple testing can be performed. A lateral
flow immunoassay (LFI) is widely used in clinical laboratories because of its simplicity, low cost,
speed, reliability and ease of use. Such assays dq gQiyrgquire electrical power or mechanical drive.
Typically, an LFI is used to detect a specific analyte in a liquid sample. An LFI is typically composed of
a test stri,q&nd a cassette. The core of the test strip is typically a 15nitrocellulose membrane that is
microporous-?o create lateral capillary flow. In addition, there is a conjugate (typically an antibody and

gold nanoparticig,¢ groplax)ielaass Radand asasplediteeed@ne end, and an absorbent pad on the
other end. The arrangement is placed into a cassette, which is typically formed in two parts from

plastic p'ﬁggg:é ! g%ﬁﬁ)st strip is typically placed on a first part of the cassette and the second part of the

cassette joined to the first part by 20a friction fit. Lateral capillary flow is a slow process,

typically taking AdenSroriméastetherpsovisien abikmeasaeileaaijablas v WaVics txhepiandled during
sampling..In some devices, a sampling, cup is provided to collect a urine sample. The sample cup
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cassette |s costly E%Sause it Z%Eonsu,mes more plastic material and is wasted after use. Although
1
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10 simple testing can be performed.

A lateral flow immunoassay (LFI) is widely used in clinical laboratories because of its
simplicity, low cost, speed, reliability and ease of use. Such assays do not require electrical power
or mechanical drive. Typically, an LFI is used to detect a specific analyte in a liquid sample. An
LFI is typically composed of a test strip and a cassette. The core of the test strip is typically a

15  nitrocellulose membrane that is microporous to create lateral capillary flow. In addition, there is a
conjugate (typically an antibody and gold nanoparticle complex) release pad and a sample filter
on one end, and an absorbent pad on the other end. The arrangement is placed into a cassette,
which is typically formed in two parts from plastic pieces. The test strip is typically placed on a
first part of the cassette and the second part of the cassette is added and joined to the first part by

20  afriction fit. Lateral capillary flow is a slow process, typically taking 5 to 15 minutes. The
provision of the cassette enables the device to be handled during sampling. In some devices, a
sampling cup is provided to collect a urine sample. The sample cup requires an additional plastic
cup, causing additional cost and an additional sampling step. A long cassette may be provided to
enable the urine sample to be collected directly. However, the long cassette is costly because it

25  consumes more plastic material and is wasted after use.

Although each of these assays enables target substances to be detected, each have their

drawbacks. Accordingly, it is desired to provide an improved assay.



2 SUMMARY According to a first aspect there is provided a laminated assay card, comprising: a
support substrate; an assay strip assembly provided on the support substrate operable to test a
sample; and a retaining substrate provided overlying the support substrate and the assay strip
assembly to form 5a laminated structure retaining the assay strip assembly therein. The first aspect
recognises that a problem with the dipstick assay is that the reactions that can be performed are
relatively simplistic and, whilst LFI devices can provige more complex reactions, these need to be
housed in a complex structure which needs to be mechanically robust and manually assembled.
10Accordinghagyaminated assay card is provided. The laminated assay card may comprise a support
substrate. An assay strip assembly which test the sample may be provided on the support substrate. A
retaining substratesndiyigtsa hiespespide theFh & fetaiinlngd sidbsinatedmsy pvardiecboibridiegs uppetort

substrate and the assay strip assembly to faorm.a laminated structure which retains the assgy stri
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without the complex an cosﬁy arrahgement o dmulti-co ponent plastic housing to retain the assay

strip assembly therein. Instead, a simple laminated structure may be provided, which may be formed
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complexity of manufacture and lowers the cost of production since the need for a complex housing is

obviated€actiops ohsssaesstitenbotve ¢ ditfy RGh St VHENs sy e dipissibstrfithte and

the assayngtiipasagmils@prapsulates the assay strip assembly. Accordingly, the retaining
25substrate and the support substrate together may form a laminate, which encapsulates the assay
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a support substrate. An assay strip assembly which test the sample may be provided on the
support substrate. A retaining substrate may also be provided. The retaining substrate may overlie
both the support substrate and the assay strip assembly to form a laminated structure which
retains the assay strip assembly. The substrates and strip assembly may comprise laminar

15  structures to form a laminated card, rather than being provided within a housing. In this way, it
can be seen that an assay strip assembly which may perform more complex reactions than a single
layer dipstick can be provided without the complex and costly arrangement of a multi-component
plastic housing to retain the assay strip assembly therein. Instead, a simple laminated structure
may be provided, which may be formed around the assay strip assembly to provide a simple and

20  robust assay. This provides for a simpler mechanical arrangement which is less susceptible to

mechanical damage, which reduces the complexity of manufacture and lowers the cost of

production since the need for a complex housing is obviated.

In one embodiment, the retaining substrate provided overlying the support substrate and
the assay strip assembly encapsulates the assay strip assembly. Accordingly, the retaining
25  substrate and the support substrate together may form a laminate, which encapsulates the assay
strip assembly. Encapsulating the assay strip assembly within a laminate provides a simple

arrangement having high mechanical integrity.

In one embodiment, the support substrate and the retaining substrate are bonded together.

Accordingly, the surfaces of the support substrate and the retaining substrate may be bonded or



adhered together to form the laminated structure. Such bonding facilitates the assembly of the assay
and improves its mechanical robustness. In one embodiment, the laminated assay card comprises
an adhesive layer operable to bond the support substrate to the retaining substrate. Accordingly, an
adhesive may be provided 5between the support substrate and the retaining substrate to enable the
two substrates to be laminated together. In one embodiment, the support substrate comprises one of a
polymer and cellulose. In one embodiment, the suppgrt substrate comprises paper. In one
embodiment, the support substrate comprises polyvinylchloride. 10In one embodiment, the support

substratg |§ QRANRLARGAHILY tH@?aﬁHHﬁQlﬁt SHRIURA S MALEAMRYER i shashd Ll ha Appreciated

that such a configuration provides for simple and convenient automated assembly. Theé support
substrat@Slfi'?é(yal?)@q o ves itfsehasisBbiPieHCthe retaining substrate is generally planar for contact
with the support substrate. Accordingly, the retaining substrate may also be a sheet. The retaining
substrate may 1bthencoverdierie, shpponisutbstistey Bralvidingéseetainidige swbdtnatedpeaabenerally
sheet form in simplifies the manufacturing process. In one, embodjment, the laminated assay
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isolate thetmssatistripgssesobbyriternthéhsugporinguinbiyaiee Acootdingly tthesabsaytstrip ssembly
may be ‘%%%%%%% (firgomemgrsupport 20 substrate to prevent any contamination from the surrounding
structures or any adhesives. In one embodiment, the assay strip assembly comprises a plurality of
components. Accordingly, the assay strip assembly may be formed from a number of separate

components. THe Q¥paPRIEBRNSIHE AR CBRFAKCARRFISERPRE MdhRabAP<tABS (it tBgether form
the assay strip assembly. Even though the assay strip assembly may be formed from separate 25
components, plbcimg thelsedividtin théamippate dubtyuete remnpsieepahelt the components maintain a
desired positional relationship and the lamination improves the robustness of the assay card. 4

In one embodiment, the support substrate comprises polyvinylchloride.

10 In one embodiment, the support substrate is planar. Accordingly, the support substrate
may comprise a sheet. It will be appreciated that such a configuration provides for simple and

convenient automated assembly. The support substrate may be rigid.

In one embodiment, the retaining substrate is generally planar for contact with the support
substrate. Accordingly, the retaining substrate may also be a sheet. The retaining substrate may
15  then overlie the support substrate. Providing a retaining substrate in a generally sheet form again

simplifies the manufacturing process.

In one embodiment, the laminated assay card comprises a barrier layer provided between
the assay strip assembly and the support substrate to isolate the assay strip assembly from the
support substrate. Accordingly, the assay strip assembly may be isolated from the support

20  substrate to prevent any contamination from the surrounding structures or any adhesives.

In one embodiment, the assay strip assembly comprises a plurality of components.
Accordingly, the assay strip assembly may be formed from a number of separate components.
The separate component may comprise a number of individual strips which together form the
assay strip assembly. Even though the assay strip assembly may be formed from separate
25  components, placing these within a laminated structure ensures that the components maintain a

desired positional relationship and the lamination improves the robustness of the assay card.



In one embodiment, the assay strip assembly comprises at least one reagent layer operable to react
with the sample. Accordingly, one or more layers may be provided which may have at least one
reagent therein which may react with the test sample. This ensures that the appropriate reagents are
provided for the assay at the appropriate locations within the assay card to support 5the required
reaction. In one embodiment, each reagent layer has reagents therein operable to react with the
sample. Accordingly, each reagent layer may have ope or more reagents immobilized therein in order
to provide the required combination of reagents at the required locations within the assay card. 10In

one embodimeny, Jhe 3568 iR, 3RS SRR HHMRUSESFIIGARHIPEAGTENVOHe AGEORIINYY. MR Bl.MOre

reservoirs may be Erowded by the assay card for storlng fluids therein. In one embodiment, each
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that this provides the flexibility to enable transfer of fluids 15between areas of the assay card to, for
examplelcagaeaEd RERIIBUE FAh & Bpiicatich ORRM Grdeie Shigue Nedhat fedguatscasldorstapaic
apphcatign of ihigdgst:ample, to remove any intermediate products or to remove any waste fluid. In
one embodiment, the reservoir contacts a surface of at least one reagent layer. Accordingly, a
reservoir may bl% Brovid%d HI' close pr ximité/ falpd cqlntactin to g rea entelrggter,[ 20In Pn%hemgodiment,
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contact adangje. sAetacdiagba afch reaganidayenty iaxdmiscofl nid it aemientd inonetehrbd dirvrent,ithe
laminated assay card.comprises a plurality of compressible reagent reservaoirs located at a
A R R R e S
be follonweddby a compression mechanism. Accordingly, the assay card may have a number of
compressible, squeezable or squashable reservoirs. Each of the reservoirs may contain an associated

reagent and eaghJdesenyid MRy eheaupiedimih deendssaynspiRassembivnE asseRbine reservoirs may
contain an assQciated reagent. The reservoirs may be 5 compressed manually gr placed into a
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displaced and provided to the assay strip assembly in a predetermined order. For example, such
ordering may ehabie endedagenit todbergravidieds pridiuid eprothen ehereddent ikntiopravigedtwhilst

another %/%HSA?JE%%}{&?J rfﬂlf?fsofﬂg}? ge ?Iram%ﬁég%@tween the reagent layers or other components of
the assay card. It will be appreciated that this provides the flexibility to enable transfer of fluids
15  between areas of the assay card to, for example, enable control over the application of an ordered
sequence of reagents, to control the application of the test sample, to remove any intermediate

products or to remove any waste fluid.

In one embodiment, the reservoir contacts a surface of at least one reagent layer.

Accordingly, a reservoir may be provided in close proximity and contacting to a reagent layer.

20 In one embodiment, the reservoir overlaps the surface and end at least one reagent layer.
Accordingly, the reservoir may contact a large surface area of a reagent layer to maximise fluid

transfer.

In one embodiment, the laminated assay card comprises a plurality of compressible
reagent reservoirs located at a predetermined locations along a predetermined actuation path
25  along the laminated assay card to be followed by a compression mechanism. Accordingly, the
assay card may have a number of compressible, squeezable or squashable reservoirs. Each of the
reservoirs may contain an associated reagent and each reservoir may be coupled with the assay

strip assembly. Each of the reservoirs may contain an associated reagent. The reservoirs may be



50ne reagent to be provided substantially simultaneously. It will be appreciated that such an
arrangement enables sequential compression of the reservoirs to enable sequential injection of
reagents in a predetermined manner using a very simple and reliable squeezing mechanism. The
location of each reservoir may be carefully determined in order to ensure that each reagent is
delivered in the correct order and at the correct time. The location of each reservoir may be 10
determined based on the knowledge of the location af the actuation path to be followed by the
compression mechanism. Of course, the location of each reservoir may be dependent on the particular

arrangerp&aabAlhg ﬁﬁ%ﬂﬁf%ﬁg&i@&?ﬂﬂﬁié%ﬁ{ﬁ%@ﬁ)ﬂ%@%ﬂ%@ &MHE%%%B&%@&W@HE may

follow. If the reservoirs are to be compressed manually, then a simple indication of the order of
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time-critical reactions. In one embodiment, each reservoir chamber comprises a reagent sack
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movement. 20 The ruptured sack may then release the reagent liquid into the reservoir. The sack may
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foil protrusion having a sealed polymer backing. 25In one embodiment, the laminated assay card
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of the reservoirs and the assay strip assembly may help to minimise any inadvertent premixing or
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these channels and may maximise the rate at which any reagent is injected into the assay strip
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selectively sealable. Hence, the microfluidic channels may be sealed. Such sealing may occur as a

result of SoprEdeisy ey irselonrBpebstBrovidsd 19 FReURsT KortbRssYbrepiad by Bassay
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the card which have been emptied such as, for example, emptied reservoirs.
complicated, multi-stage and time-critical reactions.

In one embodiment, each reservoir chamber comprises a reagent sack 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 pressure derived from the roller movement.

20  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 the presence of

humidity, oxygen and/or light.

In one embodiment, the reagent sack comprises a stamped metal foil protrusion having a

sealed polymer backing.

25 In one embodiment, the laminated assay card comprises: a plurality of microfluidic
channels operable to couple each of the plurality of compressible reagent reservoirs with the
assay strip assembly. The provision of microfluidic channels between each of the reservoirs and
the assay strip assembly 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 amount of



10In one embodiment, the microfluidic channels comprise adhesive on sealable portions. Accordingly,
adhesive portions may be provided between sheets forming the microfluidic channels. When the
microfluidic channel is then compressed, opposing sides of the channel may be retained in a
compressed state by the adhesive, thereby sealing the microfluidic channel. In one embodiment, the
adhesive is a selectively printed adhesive printed in areas on the 15support substrate. Hence, these
selective sealable channels might be the result of prigting or not printing adhesive onto the supporting
substrate. By using a printed substrate with varying surface properties, selectively sealable and

functiongl. ehanalt MAYRE 6615 Hvided 1:R%28 &P RAATVEAIING IGRECUQH GRIRISERADINEhLIServoir

operable to receive the sample. Accordingly, an inlet reservoir may be provided into which the fest
sample igrEEave o0l shelighadintaaentie inkatedJatodheissspestbtasschitdy the eanple.
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or impurities. In one embodiment, the inlet reservoir comprises a multiple stage filter operable to filter
the samb’Yéthl-tiéf'n%“é?X WHHW%qu filter may be provided to improve the filtration process. 25In one
embodiment, the reservoir comprises an outlet reservoir operable to receive waste from the assay strip
assembly. Accdrdimglydodiuitet rdsenvioiofhagibelprovitiedoshlettinadgisedabiastéeacexbess fluid from
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reagent reservoir operable to receive a reagent. Hence, reservoirs containing predetermined reagents
may be praypdedoio @nableandte Complesyeagioiis tetblke plasey ngraeaars Doclimi nt) itHe laminated
assay Caa{gp?é)crﬁ i ﬁl%tﬂsuulc 2 1H3gtséé)1{) gsrglg)tl ?ntBr%%‘l%%g back flow to areas of the card which have

been emptied such as, for example, emptied reservoirs.

10 In one embodiment, the microfluidic channels comprise adhesive on sealable portions.
Accordingly, adhesive portions may be provided between sheets forming the microfluidic
channels. When the microfluidic channel is then compressed, opposing sides of the channel may

be retained in a compressed state by the adhesive, thereby sealing the microfluidic channel.

In one embodiment, the adhesive is a selectively printed adhesive printed in areas on the
15  support substrate. Hence, these selective sealable channels might be the result of printing or not
printing adhesive onto the supporting substrate. By using a printed substrate with varying surface

properties, selectively sealable and functional channels may be created.

In one embodiment, the reservoir comprises an inlet reservoir operable to receive the

sample. Accordingly, an inlet reservoir may be provided into which the test sample is received.

20 In one embodiment, the inlet reservoir is operable to filter the sample. Accordingly, the
inlet reservoir may also filter the test sample to remove any large particles, coagulants or

impurities.

In one embodiment, the inlet reservoir comprises a multiple stage filter operable to filter

the sample. Hence, a multiple stage filter may be provided to improve the filtration process.

25 In one embodiment, the reservoir comprises an outlet reservoir operable to receive waste
from the assay strip assembly. Accordingly, an outlet reservoir may be provided which receives

waste or excess fluid from the assay strip assembly.



5each reagent reservoir with assay strip assembly. Hence, the reagent reservoirs may be coupled with
the assay strip assembly to facilitate delivery of the reagents at the appropriate times to appropriate
locations. In one embodiment, the retaining substrate comprises a shaped primary recess operable to
receive assay strip assembly. Accordingly, to assist in the lamination process, the retaining 10
substrate may be pre-formed into a shape within which the assay strip assembly may be received.
This provides for more reliable lamination and improves the mechanical arrangement of the assay strip
assembly. In one embodiment, the shaped primary recess is dimensioned to compress assay strip

assembly onto {& SUPRRTEHIRI AR IASHUININ. 2E e L aRghe. Bmipaleshe rugiRe [&kalning the

15assay strip assembly, the recess may be dimensioned to provide a particular predetermined
compresansifdede seRivine easaytstipnesserspipite eraliten predRiBe tdtaradsateen e

componert RALS BfdmH RSRY-IRFsRe TR ATD IR REQyide for predictable capillary action. It will be
appreciated that providing too little compressive force may prevent adequate contact and inhibit

capillary action Whilster %Iovégriﬁgl%ot% uch com ressive force ma igmigit thg flow of ttg? %Ofluid. In

one embodimegﬁl, the l%fi’nlng subs?raai‘tlgnc%mprlssseag gﬁ%pceodn LEcon arly Fé)geglstéso %epr%ra 8%81%])e1‘ﬁne at

least oneafhthegeagentnasewoiraang the fhasdrobhd it cActerdingdys theeresesvoirg ancidop ke
conduits may also be formed by, the retaining substrate..Such an approach significantly simplifies
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betweenajiyeqondeits;ateservoirs and assay strip assembly. In one embodiment, the retaining
substrate is vacuum moulded. It will be appreciated that vacuum moulding is a relatively simple and

accurate techniggnfosfysaing:-Hharetaininth sWhstiaiR cBmpriskd #9BpRANAHINMANERE aibNdto
substrate comprises polypropylene. It will be appreciated that any suitable polymer, paper or laminar
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through which the ) L i )
his provides for more reliable lamination and improves the mechanical arrangement of the assay

strip assembly.

In one embodiment, the shaped primary recess is dimensioned to compress assay strip
assembly onto the support substrate. Accordingly, as well as the laminated structure retaining the
15  assay strip assembly, the recess may be dimensioned to provide a particular predetermined
compression force onto the assay strip assembly to provide for reliable contact between the
component parts of the assay strip assembly and to provide for predictable capillary action. It will
be appreciated that providing too little compressive force may prevent adequate contact and

inhibit capillary action, whilst providing too much compressive force may inhibit the flow of the

20 fluid.

In one embodiment, the retaining substrate comprises shaped secondary recesses operable
to define at least one of the reagent reservoirs and the fluid conduits. Accordingly, the reservoirs
and/or the conduits may also be formed by the retaining substrate. Such an approach significantly
simplifies manufacture by reducing the component count and providing a predictable spatial

25  arrangement between the conduits, reservoirs and assay strip assembly.

In one embodiment, the retaining substrate is vacuum moulded. It will be appreciated that
vacuum moulding is a relatively simple and accurate technique for forming the retaining

substrate.



sample is received. Accordingly, an aperture may be formed to act as an inlet through which the
sample may be applied to the assay card. In one embodiment, the retaining substrate comprises
an outlet hole through which air is vented. Accordingly, an aperture in the retaining substrate may be
provided through which air or 10other fluids may be expelled to facilitate the transfer of fluids through
the assay card. In one embodiment, the retaining substrate comprises an elongate aperture
arranged coincident with the at least one reagent laygr. Providing an elongate aperture overlying the
assay strip assembly removes a fluid path along which the test sample may track without passing

through the assgy Sl ARRRMONY.- tﬁy?&ﬁﬂﬁ%?ﬁlﬁgﬁiéf&%ﬁﬁﬁ@é’s%'%@%%?[@%y mgyageur if the 15

retaining structure fails to completely conta e assay strip assem ypassing the assay strip
assembl§nRigeidE et ctiERER BT e -d398) dalinMaedebT8isbving at least a portion of the
retaining substrate in the vicinity of the assay strip assembly removes this bypass fluid path and
increases the amounteaifhdthpassingsitiratgh dheassayasteipasse nfhlyintadonel @nebadhieent, the
Iaminatect assay c¢rd cgrphprises a retaining structure at least 20patrtially surrounding the inlet hole
sStruc S ?_lrme eireon. L. . . .. .
operable to retain the sample in‘a vicinity of the inlet hole. Accordingly, a retaining or barrier structure
may be provided in the vicinity of the inlet hole to retain the test sample. Such an arrangement may

enable a volumb ONfeesardipiento tBe SHINEE B hB e (P RRE Tt ah BT DS Ab T et e well,
which stgras thestestaample sotilibis transfaad intg Hherassay wald JEhis anabipsibe wrmplate test

sample to be administered.in one go 25and helps to avoid any spillage. In one embodiment, the
retainingS A EPECBRRRdiEd 0 pRSHsERSIF 3 ming a cavity at least partially surrounding the inlet hole.
It will be appreciated that forming a protrusion conveniently provides a cavity or well which may retain
the test sampleln@1n embasimbodithenttina resibitrgtstenotors wom prides lareabsorpe mtnshterias
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asddy cardhoohutisesnbeacnateddoiteibiverbiettanstpsndiveds theguglvehpressyiratgt the inlet hole to

assist receiving the test sample. Accordingly, rather than simply relying on capillary action to

administer the testisasne dhibhia, assaysiaidg hpargay cadilselhrorn facilipteniis apaligadon by

generating.a negative r%lativ? pressure at th? inIetPto drdaw the tfast sample into the assay card.
coincident with the at [east one reagent layer. Providing an elongate aperture overlying the assay
strip assembly removes a fluid path along which the test sample may track without passing
through the assay strip assembly. Such bypassing of the assay strip assembly may occur if the

15  retaining structure fails to completely contact the assay strip assembly. Bypassing the assay strip

assembly reduces the effectiveness of the assay card. However, removing at least a portion of the

retaining substrate in the vicinity of the assay strip assembly removes this bypass fluid path and

increases the amount of fluid passing through the assay strip assembly.

In one embodiment, the laminated assay card comprises a retaining structure at least
20  partially surrounding the inlet hole operable to retain the sample in a vicinity of the inlet hole.
Accordingly, a retaining or barrier structure may be provided in the vicinity of the inlet hole to
retain the test sample. Such an arrangement may enable a volume of test sample to be applied to
the card and retained in what is effectively a well, which stores the test sample until it is
transferred into the assay card. This enables the complete test sample to be administered in one go

25  and helps to avoid any spillage.

In one embodiment, the retaining structure comprises a protrusion forming a cavity at
least partially surrounding the inlet hole. It will be appreciated that forming a protrusion

conveniently provides a cavity or well which may retain the test sample.



In one embodiment, the vacuum device comprises a resiliently compressible reservoir in 10 fluid
communication with the inlet hole. Hence, the vacuum device may comprise a reservoir or chamber
which may be expanded and contracted to change its volume to generate the required negative
pressure to draw in and retain the test sample. In one embodiment, the resiliently compressible
reservoir comprises a reforming device operable, following compression of the resiliently compressible
chamber, to assist decompression 150f the resiliently compressible reservoir. Accordingly, a structure
may be provided within the chamber to help re-expand the chamber towards its original configuration.

In one embodimeRhb& FEIRIRINGHE VS AADRIRGS:E SHAPHAS-ORATARIG BRHESGINAING IRhRATIPIE-

Hence, the reforming device maig be a sponge which helps to re-inflate the chamber and retain the test

sample tHE&n 201 Ohéhe Brity e g pbageoceanpmstsiat faaiditaaetheagentinnahaty therein.

Accordingly. dhe.tesispomiahay be y&f&%&%wﬂ&@s@m@a prior to being provided to the assay
strip assembly. Such a pre-treatment reagent may comprise an anticoagulant when testing blood

samples. In on(ine(r)nbodl?e t th§ {ltlasillentl compressibje reservoir is in fluid commum(a:gféotr(]) with 25

the at least one rea{lgeeen a(l)yérrf.quénceé,e}ﬁlé etg ggrﬁ%lcearmé:?lggrg'reosv?&/eaa%nfh%e\égseaof %]irlp assembly

frond the gasenvoi nEpisivegy asour fotlawirig beddingasfiteckdatihg b e ugonduphe Acomgrestsion of the

reslllentI¥a oerpﬁlrgnssmlel reservoir. 10 ... In one epgb diment H;e Iamlnatqg %Sﬁlay card comprises a

flow preventer ope?é%ioe%esglé tcl)\I/le(ff}Iﬁblla1 a§888Up|% éma%ﬁgas tgrsltes?glapgen a;e/earS ?%rﬁagil’least one

of the reagmaptaedetsairmay dathbtaesiltenthyliconuprbgsiblerreseraoieghitoordinglyg, mdisurquaettenter may
be provi%%gtt% (%l?-cotlﬁ%l%gpg inleit &llng) {Eésizlliesgtly o mpressible reservoir from the rest of the assay
5card during ini ial loa ing of the fes samp & This helps to create the required pressure differential to
facilitate loading of the test sample and to prevent any uncontrolled mixing with re_ag_:nts within the

card. In one emBEAFARPOHEABWBTSRSHISR Aevish GOIMESS AURheBUp RO TR sisiB st Ry P dgent
layeg withiiedhiaastiontahiie eaggatierReNeiE ARd theuasiienth: earpRessHIE a reservoir or

chamber which may be expanded and contracted to change its volume to generate the required

negative pressure to draw in and retain the test sample.

In one embodiment, the resiliently compressible reservoir comprises a reforming device
operable, following compression of the resiliently compressible chamber, to assist decompression
15  of the resiliently compressible reservoir. Accordingly, a structure may be provided within the

chamber to help re-expand the chamber towards its original configuration.

In one embodiment, the reforming device comprises a sponge operable to receive the test
sample. Hence, the reforming device may be a sponge which helps to re-inflate the chamber and

retain the test sample therein.

20 In one embodiment, the sponge comprises at least one reagent retained therein.
Accordingly, the test sample may be pre-treated with a reagent prior to being provided to the
assay strip assembly. Such a pre-treatment reagent may comprise an anticoagulant when testing

blood samples.

In one embodiment, the resiliently compressible reservoir is in fluid communication with
25  the at least one reagent layer. Hence, the test sample may be provided to the assay strip assembly
from the reservoir. This may occur following sealing of the inlet hole, upon further compression

of the resiliently compressible reservoir.



10 reservoir. The flow preventer may be removed once the inlet has been sealed to enable the test
sample to pass to other parts of the assay card on compression of the resiliently compressible

reservoir. In one embodiment, the flow preventer is operable to compress channels coupling the at
least one reagent layer with the at least one of the reagent reservoirs and the resiliently
15compressible reservoir. Compressing the channel may effectively block those channels. In one

embodiment, the laminated assay card comprises afgndicator encoded on the laminated assay card
operable to provide an indication of at least one of a configuration of the laminated assay card,

instructions for ysing g laminaethassaycad ak&?é&&%@ﬁﬁgﬁg& PRyl deatiication ghd a date

of dispensing. Accordingly, one or more indicators may be 20provided on the assay card. The

indicatorscleeijvminliBatdlindeaeurly Herdtigast predspgentdayre fiom@riddentisuicatithe eereethe physician
who dispensedithecafch A IRRRRSHLHRIG RNI{REA e RY HRifhely, dNORSHRIEAGIMEY,HEhe indicator

comprises at least one of a barcode, a QR-code, and a radio frequency identifier tag It will be

appreciapseMtHed inhdesememrethedielstispdresaienhagoner respidloicrsarivorieméhpipero fiberiseessary
infonatiop eithen ORIIGAIo LIgSicANY RiDagpRIGRIlY ngeb Y {agilitaling,dala pallggtion. In one

embodiment, the [aminated assay card comprises, a fluid absorber provided at a junction of a plurality
microfluidiEf@saHnENR Bsilprie \wading miiragitgopreydpistamEcHEn anY wirsrbel higng fita
absorptiog, RigWiEhishkigher than a rate at which fluid is supplied from the plurality of reservoirs.
According to a second aspect, there is provided a method of manufacturing a laminated assay card,

the method corpriging s 160 9f () BrovIdinn,a SupRert subssalei ) aosiioning an assay strp
assembly operable to test a sample on the supporting substrate; and (i) overlying a retaining
substratecopetitdaeppoth shibstiatetamd tHelrssayestripassemsbiydohforesi helathyinateot stsibdeure
retzﬂp Ingr(tzggr\‘?osl%a'}‘ h%t%vavspsr%\%%%rﬂﬁlearf I removed once the inlet has been sealed to enable the test
sample to pass to other parts of the assay card on compression of the resiliently compressible

reservoir.

In one embodiment, the flow preventer is operable to compress channels coupling the at
least one reagent layer with the at least one of the reagent reservoirs and the resiliently

15  compressible reservoir. Compressing the channel may effectively block those channels.

In one embodiment, the laminated assay card comprises an indicator encoded on the
laminated assay card operable to provide an indication of at least one of a configuration of the
laminated assay card, instructions for using the laminated assay card, user identification,
physician identification and a date of dispensing. Accordingly, one or more indicators may be

20  provided on the assay card. The indicators may indicate the assay card type, its contents, the
intended user of the card, the physician who dispensed the card, a dispensing date and/or a use-by

date.

In one embodiment, the indicator comprises at least one of a barcode, a QR-code, and a
radio frequency identifier tag. It will be appreciated that any suitable indication means may be
25  provided in order to impart the necessary information either optically, electrically or

magnetically, thereby facilitating data collection.

In one embodiment, the laminated assay card comprises: a fluid absorber provided at a

junction of a plurality microfluidic channels coupled with a plurality of reservoirs, the fluid



In one embodiment, the method of manufacture comprises a continuous roll-on-roll process. 10In one
embodiment, the step (i) comprises providing the support substrate from a support substrate roll and
the step (iii) comprises providing the retaining substrate from a retaining substrate roll. In one
embodiment, the method comprises the step of assembling the assay strip assembly from a number of
layers provided by a corresponding number of rolls. 15In one embodiment, the method comprises the
step of cutting said assay strip assembly into individyal strips for positioning at the step (ii). In one
embodiment, the step (iii) comprises encapsulating the assay strip assembly with the retaining

substratgaeh e SURRAHRUPEHStion rate WRIADR RIBRAARIG - HREBICRIEHNGRAMPUSSS RANHiRY the

support substrate to the retaining 20substrate. In one embodiment, the step (iii) comprises
bonding frerSushiéYtfuBstFHfato the retaining substrate with an adhesive layer. In one embodiment,
the support substrate comprises one of a polymer and cellulose. In one embodiment the support
substrate compAses pagan 25noadegrabpdiene izt ptioeideg paont dulistfatecofnprises podyniimttehloride.

12 In one embodiment, t ort substrate is planar. . In.one embodiment, the.method comprises
e stop B e o S P e M v T R G BRI
isolate tha assgyssippassarhbbpérabicthetsstippanhpliostrdie sbppotiegmbadimentdthe)methgthg a
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structure retaining the assay strip assembly therein.

In one embodiment, the method of manufacture comprises a continuous roll-on-roll

Process.

10 In one embodiment, the step (i) comprises providing the support substrate from a support
substrate roll and the step (iii) comprises providing the retaining substrate from a retaining

substrate roll.

In one embodiment, the method comprises the step of assembling the assay strip assembly

from a number of layers provided by a corresponding number of rolls.

15 In one embodiment, the method comprises the step of cutting said assay strip assembly

into individual strips for positioning at the step (ii).

In one embodiment, the step (iii) comprises encapsulating the assay strip assembly with

the retaining substrate and the support substrate.

In one embodiment, the step (ii1) comprises bonding the support substrate to the retaining

20  substrate.

In one embodiment, the step (iii) comprises bonding the support substrate to the retaining

substrate with an adhesive layer.
In one embodiment, the support substrate comprises one of a polymer and cellulose.
In one embodiment the support substrate comprises paper.

25 In one embodiment, the support substrate comprises polyvinylchloride.



In one embodiment, the assay strip assembly comprises at least one reagent layer operable to react
with the sample. In one embodiment, each reagent layer has reagents therein operable to react
with the 10sample. In one embodiment, the step of assembling comprises providing at least one
reservoir. In one embodiment, each reservoir comprises a reagent sack operable to receive an
associated reagent. In one embodiment, the method comprises the step of forming the reagent sack
by 15stamping a metal foil to form a protrusion, placipg the reagent within the protrusion and sealing a
polymer backing thereon. In one embodiment, the step of sealing comprises applying a pressure using

a conductive cqil iohthe[nedahiait aRd RplyereiBasckiganchapplying a high frequency rotating field to

the conductive coil. 20In one embodiment, the step of assembling comprises positioning the reservoir
in fluid Comm”'}'ncgﬂé’% Wi,at leas! 8.’§§e{ﬁ8(9e5‘rtn'al¥eés-tgqe s{é‘g%’%ﬁ%‘?&‘}%‘é‘ﬁ"ﬂﬁ?&}Tgeyé}%%t%’vfe%ﬁ%ﬁénb"”9
comprises contacting the reservoir with a surface of at feast one reagent layer.” 1 none
embodinaesty themaetbiod igemprisesippovidirig@apiucaktlaé donapsegsibie seageny fesarvarsjgeated at
a predetergﬂned locations along a predetermined actuation path along the laminated assay card to be
ubstrate. . . . )
foIIowedSby a compression mechanism. In one embodiment, the assay card comprises a
plurality of microfluidic channels operable 5to couple at each of the plurality of compressible reagent

resetvoirs with {H@%§Wg%%smﬁw§hod comprises the step of: assembling the assay strip
assembly from a plurality of components.

In one embodiment, the assay strip assembly comprises at least one reagent layer operable

to react with the sample.

In one embodiment, each reagent layer has reagents therein operable to react with the

10 sample.
In one embodiment, the step of assembling comprises providing at least one reservoir.

In one embodiment, each reservoir comprises a reagent sack operable to receive an

associated reagent.

In one embodiment, the method comprises the step of forming the reagent sack by
15  stamping a metal foil to form a protrusion, placing the reagent within the protrusion and sealing a

polymer backing thereon.

In one embodiment, the step of sealing comprises applying a pressure using a conductive
coil to the metal foil and polymer backing and applying a high frequency rotating field to the

conductive coil.

20 In one embodiment, the step of assembling comprises positioning the reservoir in fluid

communication with at least one reagent layer.

In one embodiment, the step of assembling comprises contacting the reservoir with a

surface of at least one reagent layer.

In one embodiment, the step of assembling comprises overlapping the reservoir with the

25  surface and an end at least one reagent layer.



In one embodiment, the method comprises the step of: selectively sealing at least one microfluidic
channel. In one embodiment, the microfluidic channels comprise adhesive sealable portions. In one
embodiment, the method comprises the step of: selectively printing adhesive on the 10support
substrate to create said adhesive sealable portions. Hence, these selective sealable channels might
be the result of printing or not printing adhesive onto the supporting substrate. By using a printed
substrate with varying surface properties, selectively gealable and functional channels may be created.
In one embodiment, the step of assembling comprises providing an inlet reservoir 150perable to

receive the samplg, In.QB6 SRARAIMENEHRY %lﬁlfpﬁ%%ﬁ‘ffﬂ{}iién?gﬁ;@Qﬁﬁ%fﬁfecromﬁréés’i‘%‘?é%ageni” one

embodiment, the step of assembling comprises providing the inlet reservoir as a multiple stage filter
operable¢sefifieirthecatmpla predeterninsadasaiisoniphene, anecdréervineskechisliog eothpHausthroviding

an outletfERRVQINCORREHANIE BO FORGINE WRSIEHFRI0R RaRRY AT assembly. In one

embodiment, the step of assembling comprises providing at least one reagent reservoir operable to

receive a reagent. In one emhodiment, the method comprises the step pof: forming a sha
orimary recoss Bt B iSOG TE G i P A Rl
embfodintenbuihle stepcbfdbiimippcompriSesfpressily ¢heaghapescprimanyifk tesssday emgicischtoly.
compress assay strip assembly onto the support substrate. In one embodiment, the method

comprises the sippnefehbpingcahaneehsaNdRRyiscearRes Re-akliedevdrfinam jeastane Rf the

reagent reservoirs and the fluid conduits in the retaining
microfluidic channel.

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

In one embodiment, the method comprises the step of: selectively printing adhesive on the
10 support substrate to create said adhesive sealable portions. Hence, these selective sealable
channels might be the result of printing or not printing adhesive onto the supporting substrate. By
using a printed substrate with varying surface properties, selectively sealable and functional

channels may be created.

In one embodiment, the step of assembling comprises providing an inlet reservoir

15  operable to receive the sample.
In one embodiment, the inlet reservoir is operable to filter the sample.

In one embodiment, the step of assembling comprises providing the inlet reservoir as a

multiple stage filter operable to filter the sample.

In one embodiment, the step of assembling comprises providing an outlet reservoir

20  operable to receive waste from the assay strip assembly.

In one embodiment, the step of assembling comprises providing at least one reagent

reservoir operable to receive a reagent.

In one embodiment, the method comprises the step of: forming a shaped primary recess

operable to receive assay strip assembly in the retaining substrate.



5substrate. In one embodiment, the step of forming comprising the step of: vacuum moulding the
retaining substrate. In one embodiment, the retaining structure comprises polypropylene. In one
embodiment, the method comprises the step of forming at least one of printed and 10pre-etched
structures on the substrate. In one embodiment, the method comprises the step of: forming an inlet
hole in the retaining substrate through which the sample is received. In one embodiment, the
method comprises the step of: forming an outlet holg through which air is vented. 15In one
embodiment, the method comprises the step of: forming an elongate aperture arranged coincident with

the at least onerfeagathiReihen, dLO% SMBRKIRECin!BR ek SomPUaBR.GAER Ak arming a

retaining structure at least partially surrounding the inlet hole operable to retain the sample in a vicinity
of the inlétRBIEoREIH ARNEHATS ARTTOTITASSEPDAY fBYiniRg SPPRIINTABSYBScture comprises forming a
protrusion forming a cavity at least partially surrounding the inlet hole. In one embodiment, the
method comprisesthestep nficptadingnathat soreritandiesiapagefablerty dhpodsexwebsyofctwessample
comprosSIBIE eSS R TR 1 R O R e
resilfentlyubehypeessible reservoir comprises a reforming device operable, following compression of the
resiliently compressible chamber, to assist decompression 5of the resiliently compressible reservoir.

In one embodiment, the step of forming comprising the step of: vacuum moulding the

retaining substrate.
In one embodiment, the retaining structure comprises polypropylene.

In one embodiment, the method comprises the step of forming at least one of printed and

10 pre-etched structures on the substrate.

In one embodiment, the method comprises the step of: forming an inlet hole in the

retaining substrate through which the sample is received.

In one embodiment, the method comprises the step of: forming an outlet hole through

which air is vented.

15 In one embodiment, the method comprises the step of: forming an elongate aperture

arranged coincident with the at least one reagent layer.

In one embodiment, the method comprises the step of: forming a retaining structure at
least partially surrounding the inlet hole operable to retain the sample in a vicinity of the inlet

hole.

20 In one embodiment, the step of forming a retaining structure comprises forming a

protrusion forming a cavity at least partially surrounding the inlet hole.

In one embodiment, the method comprises the step of: placing an absorbent material

operable to absorb excess of the sample in the retaining structure.

In one embodiment, the method comprises the step of: forming a vacuum device operable

25  to generate a negative pressure at the inlet hole to assist receiving the sample.



In one embodiment, the method comprises the step of: placing a sponge operable to receive the test
sample in the reforming device. In one embodiment, the sponge comprises at least one reagent
retained therein. In one embodiment, the resiliently compressible reservoir is in fluid
communication with 10the at least one reagent layer. In one embodiment, the method comprises the
step of: forming a flow preventer operable to selectively fluidly decouple the at least one reagent layer
from at least one of the reagent reservoirs and the resiliently compressible reservoir. In one
embodiment, the method comprises the step of: placing an indicator encoded on the 15laminated

assay card Opefﬁ‘kal?e%&ﬁﬁl%rﬁ”tﬂ%d&ﬁ@ﬁ'&% atatleashpne-ohasanianraupp gl aminaigdassay

card, instructions for using the laminated assay card, user identificatior, physician identification and a
date of dikpessmguNicaosHEi Briisobiieiditicthe indicator comprises at least one of a barcode,
QR-code, and a radio frequency identifier tag 20In one embodiment, the method comprises the step
of: corona treatlng)ﬂee:iammmenlt,ahsaysmmtmmmpﬁdmibte pesémplaciagrtpasitydicatorming deoie

embodiment t e ﬁthod comprises the 1’{9 Paﬁlngoa f|UId% ber at &#nctl of a§luraht
resillen
ali

microfluigic é’haﬁne sogéu%f:e \R/rfﬁSSl f)llur i TESeR/GITS ptrﬁss id a%sor%r %\S\%ﬁg a sorptlon

rateSwhicHf thechighBertarvenrptesaiblehiclerfioid is supplied from 25the plurality of reservoirs. 16 Further
particular and preferred aspects of the present invention are set out in the accompanying independent

and dependentglaipniiRrines oh g clepeRERH-RIThe Siay dTeiamnegysr Hrtaatues of the

independent claims as appropriate, and in combinations other than those explicitly set out in the
claims. receive the test sample'in the 'reforming device.

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

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

10  the at least one reagent layer.

In one embodiment, the method comprises the step of: forming a flow preventer operable
to selectively fluidly decouple the at least one reagent layer from at least one of the reagent

reservoirs and the resiliently compressible reservoir.

In one embodiment, the method comprises the step of: placing an indicator encoded on the
15 laminated assay card operable to provide an indication of at least one of a configuration of the
laminated assay card, instructions for using the laminated assay card, user identification,

physician identification and a date of dispensing.

In one embodiment, the indicator comprises at least one of a barcode, QR-code, and a

radio frequency identifier tag.

20 In one embodiment, the method comprises the step of: corona treating the laminated assay

card prior to the step of placing the indicator.

In one embodiment, the method comprises the step of: placing a fluid absorber at a
junction of a plurality microfluidic channels coupled with a plurality of reservoirs, the fluid
absorber having a fluid absorption rate which is higher than a rate at which fluid is supplied from

25  the plurality of reservoirs.



5The 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, and T. Maniatis, 1989, Molecular Cloning: A
Laboratory Manual, Second Edition, Books 1-3, Cold 10Spring Harbor Laboratory Press; Ausubel, F.
M. et al. (1995 and periodic supplements; Current Pygtocols 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: Esseftial Lechniguss ey & SepspMhelakandames BibrMgsee, 1990, In
Situ Hybridization: Prlrggges and Practice; Oxford University Press; M. J. Gait (Editor), 1984,

OligonucietstiBagying Exispadgp aistidepomders sty Peeyserpivhedqngedeahelgns. myahitserg, 1992,
Methods gf fpadmRiads: PNARIYEIHEE faab Ay PIgRIS, aRshRpyeifal Ao alySis Bt RAhh Metapds in

Enzymology, Academic Press; Using Antibodies: A Laboratory Manual: Portable Protocol NO. | by
Edward Handiespavivi¢itisctiHaNBOClaw99, Cold Spring Harbor Laboratory Press, ISBN 0-87969-
544-7); Antibodies : A Laboratory Manual by Ed Harlow (Editor), David Lane (Editor) (1988, 20 Cold
Sprifig Harbor UdlegredaiyeRregs, p&sdd0:82866n34 41 2mABSSuklessditbekvideDndir 8edeening, edited by

Ramakrishna eetqatla Prabhavfatﬂl B. Ferna dgliérZQO New.Yo%gO Y I\{I&rce I%%{(ﬂ I B’\cl}

0-8247-05628 %Oélralld E%lbnﬁlé?:s,& Iﬁaﬁ%%@k%’fo empes{ egggénr% sr,oaﬁ her Reference ]}L(%fg or Use
at the Benchyikditeyl JdnehRaoskating dindchjradha iRexdgier 5e28020 ottinSprisig HartheracalSaxdtory, ISBN

the prestr HOLRC A TGIog: T St e b A Tt P By,
moleculdylbipdoigy ] P8R rddiogyy fSloompinahtbiand/amminbiogyd wkdichrarBovkhkih-3h€ adpabilities
o SR L S R U R
Manual, Betmruds Eadiilohn @boksidkgyCobd 9173, and 16, John Wiley & Sons, New York, N.Y.); B. Roe,
J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential Techniques, John
Wiley & Sons; J. M. Polak and James O’D. McGee, 1990, In Situ Hybridization: Principles and
Practice; Oxford University Press; M. J. Gait (Editor), 1984, Oligonucleotide Synthesis: A
15  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. I by Edward
Harlow, David Lane, Ed Harlow (1999, Cold Spring Harbor Laboratory Press, ISBN 0-87969-
544-7); Antibodies : A Laboratory Manual by Ed Harlow (Editor), David Lane (Editor) (1988,
20  Cold Spring Harbor Laboratory Press, ISBN 0-87969-314-2), 1855. Handbook of Drug
Screening, edited by Ramakrishna Seethala, Prabhavathi B. Fernandes (2001, New York, NY,
Marcel Dekker, ISBN 0-8247-0562-9); and Lab Ref: A Handbook of Recipes, Reagents, and
Other Reference Tools for Use at the Bench, Edited Jane Roskams and Linda Rodgers, 2002,
Cold Spring Harbor Laboratory, ISBN 0-87969-630-3. Each of these general texts is herein

25  incorporated by reference.

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, and T.

30  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 Techniques, John Wiley &
Sons; J. M. Polak and James 0"D. McGee, 1990, In Situ Hybridization: Principles and 5Practice;
Oxford University Press; M. J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, Irl
Press; D. M. J. Lilley and J. E. Dahlberg, 1992, Methgds of Enzymology: DNA Structure Part A:
Synthesis and Physical Analysis of DNA Methods in Enzymology, Academic Press; Using Antibodies :

A Laborajory, Manual 1 Regiahie recal N@e] By Haward Hasiow, By draas i idarlow 41299, Cold

Spring Harbor Laboratory PresS, ISBN 0-87969- 10544-7); Antibodies : A Laboratory Manual by Ed
Harlow (Bttefp Dol eqéaEdinbry 1988, tdlddphdharholey abseroril ore¥erkslN .); B. Roe,

0-87969134381rk82mi WaRARAOI9E DB ICIRRIING,EMIEH Y. Ramakishnaragaihal’, Rigphavathi B.
Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and Lab Ref: A Handbook of

Recipes YREag&menand MikelriaretdagesTad’ MeUee A Re/BeieH Riidaryare Reskates®qd Linda

R0d5_4er_SPZ&Q%e}é%fh%ﬂ{msh@r%&%Oﬁa@ﬁbéﬁﬁM@-ﬁJ@ﬁ,%@ Onickaghed,figsggeneral texts is
herein incorporated by reference. BRIEF DESCRIPTION OF THE FIGURES Embodiments of the

present iRkAsiHtfoh e bl daseride dMurdiel it ddidie Reb ks teel 282 oMprangine dreanitiegin
which: Zmbﬁﬁdcm”@?sﬁ;?%aﬂﬁ%@ﬁ@%ﬁ%ﬁﬁf@l%ﬁ@mmﬁ%m@@ﬁﬂlml(:)lgg e 2isa

cross-sectional view of the laminated ass:g card shown in Figure 1; Figure 3 is a view of the laminated

assay catdasksnnhrerghisang Aeldbedissuset-mhgirew iswate hestablabinirepbNHel ey distgrd

assembly;alr_:li&y,r @%iﬁ'ﬁ%&?lﬁﬁ%ﬁ%&%[@@?ﬁ@l& S%W@'Pﬁl%b@%ﬁ%@a : iﬁfé"s%ﬁs'ﬁ}ﬁ%?@@%%
manufacturing of the laminated assay card shown in Figure 1; Figure 7 illustrates a laminated assay
carPaccetdirids r%%ﬁ@f&ﬁﬁbdﬁh@ﬂf?t% Manual by Ed Harlow (Editor), David Lane (Editor) (1988,

Cold Spring Harbor Laboratory Press, ISBN 0-87969-314-2), 1855. Handbook of Drug
Screening, edited by Ramakrishna Seethala, Prabhavathi B. Fernandes (2001, New York, NY,
Marcel Dekker, ISBN 0-8247-0562-9); and Lab Ref: A Handbook of Recipes, Reagents, and
Other Reference Tools for Use at the Bench, Edited Jane Roskams and Linda Rodgers, 2002,
15  Cold Spring Harbor Laboratory, ISBN 0-87969-630-3. Each of these general texts is herein

incorporated by reference.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the present invention will now be described further, with reference to the

accompanying drawings, in which:
20 Figure 1 illustrates a laminated assay card according to one embodiment;
Figure 2 is a cross-sectional view of the laminated assay card shown in Figure 1;
Figure 3 is a view of the laminated assay card shown in Figure 1 held by a user;
Figure 4 illustrate manufacturing of the test strip assembly;
Figure 5 illustrate manufacturing of the retaining substrate;
25 Figure 6 illustrate manufacturing of the laminated assay card shown in Figure 1;

Figure 7 illustrates a laminated assay card according to one embodiment;



Figure 8 illustrate manufacturing of the retaining substrate of the laminated assay card shown in Figure
7; Figure 9 illustrates a laminated assay card according to one embodiment; Figure 10 illustrates
an arrangement of a test sample loading device according to one 5 embodiment; Figure 11 illustrates
an arrangement of a sealable channel according to one embodiment; Figure 12 illustrates an
example operation of the test sample loading device of Figure 10 utilising the sealable channel of
Figure 11, Figure 13 illustrates the formation gfga reagent blister according to one embodiment;
10Figure 14 illustrates sealing the reagent blister of Figure 13; Figure 15 is a perspective view of the

reagent blister @f fjauge i 3uG19 WaHPlPH3 165 A0 ARAMASUBARARTHHICL IR ARG RMPQIIMERS:

Figure 17 is a flow chart showing interactions between an assay apparatus and mobile phone
accordingf'8ri8 Bigwsdiment; 15Figure 18 illustrates an absorptive joint arrangement; Figure 19
illustrates an assay apparatus; Figure 20 illustrates an example double roller arrangement; Figures
21A to 21C illudirgtes @illexaansle bperatiahasitheaddublerbiertawangeetithent;  Figure 22
illustrates an arrangement of a channel having sealable and non-sealable 20 portions according to one

grgg%dFiQTPeTnlt(:) E@?’gﬁfgq@iﬁgtsmh@g%?&%&?ﬁ@ﬂt%@t@&%‘afﬂmg lagine 8MRRdIREAlind REI AILED
embodiment;

Figure 11 illustrates an arrangement of a sealable channel according to one embodiment;

Figure 12 illustrates an example operation of the test sample loading device of Figure 10

utilising the sealable channel of Figure 11;
Figure 13 illustrates the formation of a reagent blister according to one embodiment;
10 Figure 14 illustrates sealing the reagent blister of Figure 13;
Figure 15 is a perspective view of the reagent blister of Figure 13;
Figure 16 illustrates an assay card according to one embodiment;

Figure 17 is a flow chart showing interactions between an assay apparatus and mobile

phone according to one embodiment;
15 Figure 18 illustrates an absorptive joint arrangement;
Figure 19 illustrates an assay apparatus;
Figure 20 illustrates an example double roller arrangement;
Figures 21A to 21C illustrates an example operation of the double roller arrangement;

Figure 22 illustrates an arrangement of a channel having sealable and non-sealable

20  portions according to one embodiment; and

Figure 23 illustrates an assay card according to one embodiment.



EXAMPLE 1 Figure 1 illustrates a laminated assay card, generally 10, according to one
embodiment. The laminated assay card comprises a Polyvinyl chloride (PVC) support substrate 20 on
which a 5test strip assembly 30 is disposed, overlying which is a polypropylene film retaining substrate
40. In other embodiments, the support substrate may comprise a cellulose substrate such as paper.
The retaining substrate 40 overlies the test strip assembly 30 and bonds with the support substrate 20
to form a laminated structure, as will be described injgore detail below. The major components
of the test strip assembly 30 are a cellulose filter 50, a glass wool 10 pad 60, a nitrocellulose
membraipg, ¢ On & sEkdessrasroent pad 80, provided on a PVC backing layer (not shown). As
also shownin Figure T, an indexing hole 90 is also provided to provide positional information to a
reading graGipaiing apparatus. A QR-code 100 is provided which may provide a variety of information
to a reader. 15Alternatively, or additionally, a barcode or other printed material may be provided to
provide a varietyigfiiaforthatiotese fhsnesde nsTdyec@R-goted 0l haydndloatectorthembadenthe type of

assay c that the reader may contral epvironmental conditions to facilitate a actions expected
g S S T A P S A
relafion testwripdeschilly 30 or dispasdkdyerltone aditteitespobguivisdenciidn2 Octitroeg Bulssate 40.
membra The,i 0, Iso I ils.of ere, in.relation t index hole
a0 or S o
timing infdrerrationiag evibs wibet Orfeenhiasitire st d ttipcontrobhn38swal tapdaraitistiehichporo selsgex the

assay cajg {5‘ AR St%%ﬁ%%?r&od% Wﬁ‘ﬁ’b@r&’é’é&’ﬁb‘éﬁﬁ!ﬁﬁ?ﬁéQ@tﬁzﬂ%{bﬁo that the result may be

automatically associated with the patient"s record. 25 Furthermore, the QR-code 100 may provide
details of the patjent"s physician or the entity which dispensed the lamjnated assay carCi 10, in order
that the results ?}bﬁﬂ?éoéﬁfﬁﬂ?é?ﬁ&ﬁfﬁxﬂgﬁg\?i&éa %‘?rﬂfé@’é?ﬂﬂ?é ?%C@lief‘ea% 156 AR RSN S "best
befaye” ipgicatos winicteMmaysbeneaakad Ty, the:rpaskeralsseitar pajbed osriaikR dbraderty Shaidld@an out of
date as?ﬁg/ cmg be used. 20 Figure 2 is a cross-sectional view of the laminated assay card 10
shown in BJufe 1> RYBAn be seen, the support substrate 20 has an overlying adhesive layer 110. The
assay strip assembly 30 is provided on top of the adhesive layer 110. The assay strip assembly 30

comprises a 200RASPYOYSbIAtToEUES &r AP0 EF AR §Bpsliead ey BIOR A Bdrednrotaiena 30.
Overlying, & adRasYE [YEnS 30 B iDginitpgaliase membrane 70. In this embodiment, the

nitrocellulose membrane 70 has a thickness of 50Rm. The glass wool pad 60 is in fluid contact with

the nitrocellulos/g Cﬁ%@_rg&{a% 71% apoq/ Jgfgg‘gggggn tow%c\igdg fiert Fert'd (ﬁ]erFof |Er11t.t£1ist (c)amr%g (iement, the
glass wool pad as a?hicﬁne SO m and' ?’spsuppor%eci1 ]i)y ¥ne W@Illsollali‘ionalayer 120. The
glas$ woaltpadta:Bhoisadde emndlpf dhbart0deitvo odiitt psiathdembeaneni Oy drdyiovil sl eonhodideent,
extends over . a majqr surface thereof i onﬂjer increase.the contact area between, the glass wool pad
0 and (e SO by T R B P ST A o
supportedday thedRW hisoletieadayend 20nTokcoellviloserfitec ddifiorihie éxahiple paycetataose blood

filter) ab%%%gcque[gdoggutp &n the laminated assay card 10. The information may provide details of how

and where, in relation to the index hole 90 or a card edge, to read the test result from the

20 nitrocellulose membrane 70. The information may also provide details of how and where, in
relation to the index hole 90 or a card edge, reagent reservoirs are located as well as squeezing
speed information, reaction timing information and/or other information used to control an assay
apparatus which processes the assay card. In addition, the QR-code 100 may provide details of
the patient so that the result may be automatically associated with the patient’s record.

25  Furthermore, the QR-code 100 may provide details of the patient’s physician or the entity which
dispensed the laminated assay card 10, in order that the results may be automatically provided to
those entities. The QR-code 100 may include a “best before” indicator which may be checked by

the reader to either reject or raise an alert, should an out of date assay card be used.



glass wool pad 60 and, in this embodiment, extends over a major surface thereof in order to
15increase the contact area between the cellulose filter 50 and the glass wool pad 60. The
nitrocellulose membrane 70 is an elongate structure. Disposed towards a second end of the
nitrocellulose membrane 70 is the cellulose absorbent pad 80. The cellulose absorbent pad 80 abuts
the second end of the nitrocellulose membrane 70 and, in this example, extends over a major surface
thereof in order to increase the contact area betweegthe cellulose absorbent pad 80 20 and the
nitrocellulose membrane 70. Overlying the support substrate 20 and the assay strip assembly 30

is the polypropyleneJotRinipg, SUOSHRIE Aleln SRis EXAMRIE dASRP MRPRY GRS EiRiIRRG Sybalate 40

has a thickness of 30Rm. The polypropylene retaining substrate 40 may be either applied over the

surface &At kRSACHeHe BURPATbENRHWE? Bichasany serlyasssimsiy B ). Bdaradiiioulded, as

will be 23 iRehin metedatal Relewnlhamelyeiapyiang retaining substrate 40 bonds with the
adhesive layer 110 to form a laminated structure which retains the assay strip assembly 30 therein.

To enable a test. sample to be applied to, the laminat (@ SS rd 10, an aper not shown) is
fommod a0 an mEEAT B D S R TE 10 o (g B e 2o,
Such anpnieidady beyforadbdsbye dalpser3fe Qrvesiyamn dretedbeldctiValyrcl t (bistteeniRdaedtylired area. The
laser source can b 2 laser, a neadymium-d d yttrium aluminium net (ND-YAG) | r and,
e e R AR e AT, AR el AT
formed agdan wotkepad tieisetaihingesutastrateh4Bamtinecel tuhibe ofdmdeakuil6 sedbsddpestpadv8iisSuch
an outlet aperture may provide an outlet for fluids, such as an isplaced air or ss fluid received
o e oot L Ry B R I, S SR A Y R AL SR el
membrarepPorisdrite tideB M6 apdatiten dsyan IdPe i foglasapilatypet @frbiytwhichemkanththat the channel
has no covering layer and,so an elongate.aperture,(not shown),is provided over the pitrocellulose
el bran o B ose b rnd r 5 A S Cipodrgns ERIE b o wiftade thereafn
nitrocelluloke membraedslizCctotie seedrthverd dictpbsitvoct hald 66 adriteraneddlvlbichnmenpaterwise
occur at interface, between surface of thenitrocellulgse membran and olypropylene
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layer 120. The cellulose filter 50 (in this example, a cellulose blood filter) abuts one end of the

glass wool pad 60 and, in this embodiment, extends over a major surface thereof in order to

15 increase the contact area between the cellulose filter 50 and the glass wool pad 60. The
nitrocellulose membrane 70 is an elongate structure. Disposed towards a second end of the
nitrocellulose membrane 70 is the cellulose absorbent pad 80. The cellulose absorbent pad 80
abuts the second end of the nitrocellulose membrane 70 and, in this example, extends over a
major surface thereof in order to increase the contact area between the cellulose absorbent pad 80

20  and the nitrocellulose membrane 70.

Overlying the support substrate 20 and the assay strip assembly 30 is the polypropylene
retaining substrate 40. In this example, the polypropylene retaining substrate 40 has a thickness of
30um. The polypropylene retaining substrate 40 may be either applied over the surface and then
heated to mould over the assay strip assembly 30 or may be vacuum moulded, as will be

25  explained in more detail below. The polypropylene retaining substrate 40 bonds with the adhesive

layer 110 to form a laminated structure which retains the assay strip assembly 30 therein.

To enable a test sample to be applied to the laminated assay card 10, an aperture (not
shown) is formed as an inlet in the polypropylene retaining substrate 40 in the region of the

cellulose filter 50. Such an inlet may be formed by a laser beam scanner to selectively cut out the



In overview, a test sample is applied through the inlet in the polypropylene retaining 15substrate 40
and onto the cellulose filter 50. The test sample is absorbed into the cellulose filter 50. The cellulose
filter 50 filters out any major coagulants or impurities and the filtered fluid flows under capillary action
to the glass wool pad 60. The glass wool pad 60 will typically contain a dried reagent which reacts
with the filtered fluid. The filtered fluid and reagent combination flows under capillary action into the 20
nitrocellulose membrane 70. The filtered fluid ang reagent combination flows from the first end of
the nitrocellulose membrane 70 to the second end of the nitrocellulose membrane 70 under capillary

action angsispeiedinheseliioseapsorhen 1R oq TheERIENRACI MR AIAIGE s

substances within the sample. Typically, a visual indication of whether a target substance was present

or not withiR-26e lasen pil caseliseablee g cbedsyeretninbdise sUiiteSo fass. direddli@ds® membrane
70. For example ihesayiasenal hiemiireelWassmemiane d fimayuoeanana measiianl ghapge in

optical characteristics as a result of a reaction between the target substance and the reagent. A user,
a readerssHalasginbepibanined Ry therm exdaiinRetAEIanIn ateH de any edet feo fyidetsrehias Whether a

posiéive gispeQalive GSUltESIMirAtedied FMNEkFos PREEDANSY SR the MARAXAGP!e

arrangement of the laminated assay card 10 when used as a preghancy test, the human chorionic
gonadotfBpHRFTRCE) hormone level in a urine sample is measured by the laminated assay card 10.
An anti-hCG antibody is immobilised on the nitrocellulose membrane 570. Another anti-hCG antibody
is conjugated withegotcbnelhdpsir ticbesbiynioiici snteeadtidnadopnatduceaa opajuiiatecspilitioncidmael,
conjugate solution is dropped, aver.the glass wool pad 60 and drietij. Th drieég lass wool pad 60
Ctores e L SR S e TR Lo e R SRR SRR e ana
so the unnevsampleeniby placedl vl thengiabsvod). petd sGoTaRgisyd ke theadridd rantibo dp which

disfﬁ"’esa 180, the wrine sample. TS AfyGormons in he %6”{|1‘F S eefi’cipdtstﬁ% H?teo%@fﬁ%%x thatis
labelled i go nanoparﬁcles yleﬁilng an antigen-an |Body-go complex. Re comp]iex OowWS along

the nitrocetinloseai@mihianen?g ethdraventaally ansetsttntdimbeobdisediantitiontyo fThe ME@ ¢Hbrivene in

the complex_hin I ili nti in nanopartic| captured on
the imm%ﬁn |sge{é1 %gnmn%%%{ q}ﬂﬂe%&ﬁ?ﬁ%%gé%ﬁgégg%%%ﬁvéa% ?(%eﬂ(? %%Ioﬁ%%%%gggg%e% tﬁgerlg{f ‘nanometre
diameter. A zone or band of immobilised antibody area shows a red colour whenever the antibody

binds to IR JeREERYIR-gold complex. Accordingly, a positive pregnancy test result is shown by
the presence ofia fed.zane é’fe@@&%ﬂf&%ﬁaﬁﬁﬁﬁggﬂwﬁgﬁ m&mf%&%ﬂ%h%%g‘fgg?éggﬁeﬂé%&%%e of such

a red zone indicates no pregnancy from mouse and anti IgG can be sourced
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can be seen in Figure 3, the resultant laminated assay card 10 can be produced in a convenient size
with suffiéasyit epdrictpifrovisianyonhsrehsiononhied Aay be required thereon. In embodiments, an
inkjet printer is used to print solvent-based ultraviolet-curing ink. Likewise,

The glass wool pad 60 will typically contain a dried reagent which reacts with the filtered

fluid. The filtered fluid and reagent combination flows under capillary action into the

20  nitrocellulose membrane 70.

The filtered fluid and reagent combination flows from the first end of the nitrocellulose
membrane 70 to the second end of the nitrocellulose membrane 70 under capillary action and is
received in the cellulose absorbent pad 80. The reagent reacts with any target substances within
the sample. Typically, a visual indication of whether a target substance was present or not within

25  the sample can be deduced by examining the surface of the nitrocellulose membrane 70. For
example, the surface of the nitrocellulose membrane 70 may undergo a measurable change in
optical characteristics as a result of a reaction between the target substance and the reagent. A
user, a reader or a trained individual may then examine the laminated assay card 10 to determine

whether a positive or negative result is indicated.



25adhesives, structures or compounds may be printed onto the substrates. Alternatively, a label may
be stuck onto the surface of the laminated assay card 10 or introduced during lamination to ensure
that the label cannot be removed. The information printed on the card may be a mixture of bar codes
or QR-codes, as well as textual or pictorial information relating to the laminated assay card 10, the
user and/or the dispensing entity. 23 MANUFACTURING PROCESS OVERVIEW Figures 4 to 6
illustrate an example of manufacturing process for psgducing the laminated assay card 10. In this
manufacturing process, the lateral immunoassay in the form of the test strip Sassembly 30 is produced

using a GeEVERlieNa cantinvevsrilito-roll process. The assay strip assembly 30 is then placed on the
support substrate 20 and adhered to the support substrate 20 by the adhesive layer 110. It will be

appreciated thainthe adihgsiverlaygerhdtt otalidbreitiecbaamiratdd 8vdeinorsadsp aypadinasivetedo
provide c%verinlgbthe retaining

bstrat is,used. The retaining substrate.40 is moulded,and then
Pt e g o B T B pb S A S S B
provideslmeaoht@diasdsu@pdrt @ninthetirdiadn ngifibdy4de providdsedprotbethie sutiatesameratiraseapply a

clamping, foree o, th Sn?éﬁéc}ﬁsatr@%iﬁe@%}{'§°a£&"6&519 MeNGs RAEIS by fonicT IS [Ngotoped above,
the production process is rvided Mo A uﬂ) eam process and'a downstream process. In the
upstreammprbeesscihguassayostijprasgentoly BHis faltioatedd wbpled thedbw ghtse smop rece®$ dandolves
support substrate 20 15preparation (printing, die cutti d adhesive deposition), retaining substrate
40 mouIgfﬁ%a,'a?s}é%énrﬁiglﬁgimogﬁﬁﬁéogé Hla%&%ﬁﬁ%é%ﬁg.%%%%étream roll-to-roll process for production
of the assay strip assembly 30 is well known and extensive literature on these processes have been

published by MIfipbecRREREphhECH BIoRS kg ol L 8REANPRUERSS O ThH BRample, six
rolls of rauniprRiaig! AR drexidRdsask Weolgha@yiding theariselatienia®int#dds dauersidedadhesive

tape roll providing.the adhesive Iaéer 130, a 25mm wide nitrocellulose roll from Millipore, USA

prowdindnmetl}ﬂtyg@gmﬂ@géen%mll} (ﬁélq@}(gl& juthe pygie sample binds to the antibody ‘that is labelled

with gold nanoparticles yielding an antigen-antibody-gold complex. The complex flows along the
nitrocellulose membrane 70 and eventually meets the immobilised antibody. The hCG hormone
in the complex binds to the immobilised antibody and the resulting gold nanoparticles are
captured on the immobilised antibody. The gold nanoparticles show a red colour because of their
15  nanometre diameter. A zone or band of immobilised antibody area shows a red colour whenever
the antibody binds to the antigen-antibody-gold complex. Accordingly, a positive pregnancy test
result is shown by the presence of a red zone or band on the nitrocellulose membrane 70, whereas

the absence of such a red zone indicates no pregnancy.

Anti-hCG from mouse and anti-mouse IgG can be sourced from AbCam, UK. Gold
20  nanoparticles are synthesized by adding citric acid on boiling chloroauric acid. Bovine serum

albumin, tween-20, trehalose, sucrose can be sourced from Sigma, USA.

As can be seen in Figure 3, the resultant laminated assay card 10 can be produced in a
convenient size with sufficient space to provide any information which may be required thereon.
In embodiments, an inkjet printer is used to print solvent-based ultraviolet-curing ink. Likewise,
25  adhesives, structures or compounds may be printed onto the substrates. Alternatively, a label may
be stuck onto the surface of the laminated assay card 10 or introduced during lamination to ensure
that the label cannot be removed. The information printed on the card may be a mixture of bar
codes or QR-codes, as well as textual or pictorial information relating to the laminated assay card

10, the user and/or the dispensing entity.



roll from Kin Bio, China providing the glass wool (conjugate release) pad 60, a cellulose roll from Kin
Bio, China providing the cellulose filter 50, and a cellulose roll from Kin Bio, China 25providing the
cellulose absorbent pad 80. The isolation layer 120 is laminated with the adhesive layer 130.
Alternatively, the isolation layer 120 may be sprayed with an adhesive. Then the nitrocellulose
membrane 70 is laminated on the adhesive layer 130. Then the glass wool pad 60 is laminated at one
end of the nitrocellulose membrane 70. In this exampie there is a 2mm overlap with the nitrocellulose
24 membrane 70. The cellulose absorbent pad 80 is laminated in the same manner with the opposing
end of ther RIRCRHRS| dBLRsaRe 70. The cellulose filter 50 is then laminated over the glass wool
pad 60. Then an antibody solution is printed along the nitrocellulose membrane 70 to provide test 5and
control s@hgkbanRds by means of fine spray or jetting dispensing valve (not shown). The assay strip
assembly 30 can then be cut into strip form, or can be wound to make an uncut sheet for use in the
downstream précgsss BGVYNBFREAM PROGE §Snimniartong grabesselothe dbwimsttbataprogeds is

composed.of e Pf GPFH%%%%% &cllil(%isﬁjé)(ﬁ%réessg ORU 1% 20 16 oM da{“qnotilteh%é&f%'t“t'ﬂgt%{bs Hﬁ‘te 40,
laser beam Imming, assem , printing,”die cutting and packaging. pport Substrate reparation
For fhis psooably A0ollferdinatbnymechivevsniged] L0200twuthidkiGoOmimmidss. Sdmasay RWVIC roll from
Daeyoung &eica); e%”é A RB%"A'? G SUPROSFHRSYAME %‘? 15 MOUNSSARBAALESH ggller- A
50mm wi % 5%1;?1 5;'onzj ou }e-sfggcji acry ﬁ’%ase(? ad%esive tape rorl rom é{ﬁ)g 9
the adhesive layer 110. It will be appreciated that the adhesive layer 110 may be either a
laminated sheet or a spray adhesive. To provide a covering, the retaining substrate 40 is used. The
retaining substrate 40 is moulded and then laminated onto the adhesive layer 110 of the support
10 substrate 20. The support substrate 20 provides mechanical support and the retaining film 40

provides a protective surface as well as apply a clamping force to the assay strip assembly 30.

Taking the hCG pregnancy example mentioned above, the production process is divided
into an upstream process and a downstream process. In the upstream process the assay strip
assembly 30 is fabricated, whilst the downstream process involves support substrate 20

15  preparation (printing, die cutting and adhesive deposition), retaining substrate 40 moulding,
assembly, in-situ printing and packaging. The upstream roll-to-roll process for production of the
assay strip assembly 30 is well known and extensive literature on these processes have been

published by Millipore which is part of the Merck group.

UPSTREAM PROCESS

20 In this example, six rolls of raw material are provided: a PVC roll providing the isolation
layer 120, a double-sided adhesive tape roll providing the adhesive layer 130, a 25mm wide
nitrocellulose roll from Millipore, USA providing the nitrocellulose membrane 70, a glass wool
roll from Kin Bio, China providing the glass wool (conjugate release) pad 60, a cellulose roll
from Kin Bio, China providing the cellulose filter 50, and a cellulose roll from Kin Bio, China

25  providing the cellulose absorbent pad 80.

The isolation layer 120 is laminated with the adhesive layer 130. Alternatively, the
isolation layer 120 may be sprayed with an adhesive. Then the nitrocellulose membrane 70 is
laminated on the adhesive layer 130. Then the glass wool pad 60 is laminated at one end of the

nitrocellulose membrane 70. In this example there is a 2mm overlap with the nitrocellulose



Soogwang Chemical, Korea providing the adhesive layer 110 is mounted on another feed roller. When
the feed rollers turn in synchronization, the support substrate 20 and adhesive layer 110 are merged
and fed to a hot roll laminator, producing an adhesive coated PVC sheet continuously 20, 110. 20A
robotic pick and place machine beside the hot roll laminator picks a test strip assembly 30 and places
this on the adhesive coated PVC sheet 20, 110. The test strip assembly 30 is placed at a specific
position which will be aligned with one or more apertyres moulded into the retaining substrate 40, as
will be described in more detail below. The supporting substrate 20 with test strip assembly 30 is now

ready for,iBgmext %@%B’o@lﬁlw&d&ﬁ%ﬂ?&f?{ GBE&%‘&) R BFLANINESHRS HRMEEMEP HE QEBS%Ing

vacuum-moulding machine is used to mould the retaining substrate 40. Although it would be possible
to simplyepteeiethsaveesminly supstidranp v dihtecHulsse i ket éron lanuneise strigy dsselgfsly 30
produced, gy theiRgvious stage and heated to effectively be shrink wrapped, 25 reliability and
consistency of the laminated assay card 10 can be improved by moulding the retaining substrate 40.
Such mouldlngﬁqables pre etefmlne comtpdes}swe force to ble an |ed t the strlg asser ny 30
and enables other Structires tb be formed’on the [anmnatet %(L)scgaill card i as Wil escr

moré detaitl belave! Sigisaidmalsgsytheneed fmeﬁpmyteroenltngdﬁ@meﬁlglaahmr(gdmhewmmTéleommon in
prior arrangem pts <sem tglec%}(lat %e%%tsp (\)/vsr%rln (gmge 5, a O' tm th m Ionl%u OQ}mm wide
polypropyﬁeﬁ’e i Fom Xeyoung Remical, Sedul’Koreads prowdea as t e re a|n|ng Su ra%e 40
and is muntediorha deschsollen preeastaining substrate 40 is fed to a jig mounted on a vacuum mould
210. A hot air blower 200 is mounted over the jig and a strong vacuum pump 220 is 10 coupled with
the vacupgwrglgk210PRHergiaining substrate 40 is fed to the jig, hot air is blown by the hot air
blower 200 and vacuum suction is applied to the vacuum mould 210 by the vacuum pump 220. The
retaining substratenddefiodmby yieldin daarmesmepaved sos ket strposader fAhy pisapaofpotikat structure
can e CansipiEled B Ennalng MR dAg b MeU 20 The enath.ancwidihah G PaRkEl,sfycture
is 15dimensione t the test strip as y 30. Th dept e pocket structure |I vary because
the heigipriotitie destetipeaasbpabkp@0ds not uniform across its complete length. The most important
depth has been found to be the joint section where the glass wool pad 60 and the nitrocellulose

membrane 70 Qygibap: mb}w@asiq@;m;dﬁpreasing the depth, the clamping force applied to the test
strip 20 assemtijﬁg ::.Sgb an be ad L%(S)Hag Hlllf) I;[ %(%ht cIa 'ﬁs@g Ig g{ tqergktheoglegthﬁansam ecreased.
amping ar

The tension applie 16 Fet: alnlng SUbstrate ™46 crea esac foree 13 SatLra cap y 6w at,
for exampi&; aslloirentalp degtweg I bempal) Sats: b be igabositdn g sse miplyo3ubkieacy 20l aprbeinedn

15  ona feed roller. A 50mm wide, 50m long double-sided acrylic based adhesive tape roll from
Soogwang Chemical, Korea providing the adhesive layer 110 is mounted on another feed roller.
When the feed rollers turn in synchronization, the support substrate 20 and adhesive layer 110 are

merged and fed to a hot roll laminator, producing an adhesive coated PVC sheet continuously 20,

110.

20 A robotic pick and place machine beside the hot roll laminator picks a test strip assembly
30 and places this on the adhesive coated PVC sheet 20, 110. The test strip assembly 30 is placed
at a specific position which will be aligned with one or more apertures moulded into the retaining
substrate 40, as will be described in more detail below. The supporting substrate 20 with test strip

assembly 30 is now ready for the next stage in the production process.

25 RETAINING SUBSTRATE MOULDING

A vacuum-moulding machine is used to mould the retaining substrate 40. Although it
would be possible to simply place the retaining substrate 40 over the support substrate 20 and test

strip assembly 30 produced by the previous stage and heated to effectively be shrink wrapped,



the nitrocellulose membrane 70 and the absorbent pad 80 also requires clamping force. This clamping
force can also be adjusted in the same manner. 25In order to create various apertures in the retaining
substrate 40, laser beam ablation using a laser beam scanner is performed. A hole is created in the
retaining substrate 40 in the vicinity of the retaining substrate 40 which will overlie the cellulose
absorbent pad 80. A wide opening is made in the retaining substrate 40 in the vicinity of the retaining
substrate 40 which will overlie the filter 50. An area igsalso cut out from the retaining substrate 40
where this will overlie the 26 nitrocellulose membrane 70. Once these operations have been

peffOrm%lié@ﬁﬂ%ﬁ&%@@&%ﬁ%ﬁ{'Eﬁéela‘%Qifﬁtr&iaé%J? GRS GQ%@ﬁé%ﬂ}Q%QWﬁﬁ)ﬁtﬁ% HEBLQ( The

assembly proceSs uses two die-cutting presses, a robotic laminator and a non- 5contacting inkjet
printer. AStaWEW P TTaGE06 Sl srankl g apanle s apsedaieao s EAmPIRS yadauin mberPpied the
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alignment with the pocket structure. The test strip assembly 30 is placed into the pocket structure

and the fdbaticvidhbindeseiphed sesngie aetaddiotovay bRl IOy eReac B @R SPRiT Stiagrate 40. The

robofic 1amiRpies te8RRZE S ShERMRRYTiSHRSHAERGWIth a roller to make a tight seal. The retaining
structure 40 sticks to the adhesive layer 110 on the support substrate 20. Then the assembled

laminated assay ¢ {ge%(g IS 19@8‘{@9 v&‘lrlolim ﬁhermgua{%%l\‘% %ﬂ%guwgd 1}361310 tg&a&e upy ards. PRINTING
An inkjet printerl%hen prlanéj ypically a so vent-pase -curing In nb Gde on the 15laminated assay
card 10. pbhecepgkng Diefrimstiuetyons o€ foimdtitrochiK beeprinpecy atedved|tHo e t@ibing KN Gstrate

40 and is mounted on a feed roller. The retaining substrate 40 is fed to a jig mounted on a vacuum

mould 210. A hot air blower 200 is mounted over the jig and a strong vacuum pump 220 is

10 coupled with the vacuum mould 210.

The retaining substrate 40 is fed to the jig, hot air is blown by the hot air blower 200 and
vacuum suction is applied to the vacuum mould 210 by the vacuum pump 220. The retaining
substrate 40 deforms, yielding an engraved pocket structure. Any shape of pocket structure can be
constructed by changing the vacuum mould 210. The length and width of the pocket structure is

15  dimensioned to fit the test strip assembly 30. The depth of the pocket structure will vary because
the height of the test strip assembly 30 is not uniform across its complete length. The most
important depth has been found to be the joint section where the glass wool pad 60 and the

nitrocellulose membrane 70 overlap.

By increasing or decreasing the depth, the clamping force applied to the test strip
20  assembly 30 can be adjusted. If tight clamping is necessary, then the depth can be decreased. The
tension applied by the retaining substrate 40 creates a clamping force to secure capillary flow at,
for example, an overlap between components of the test strip assembly 30. The overlap between
the nitrocellulose membrane 70 and the absorbent pad 80 also requires clamping force. This

clamping force can also be adjusted in the same manner.

25 In order to create various apertures in the retaining substrate 40, laser beam ablation using
a laser beam scanner is performed. A hole is created in the retaining substrate 40 in the vicinity of
the retaining substrate 40 which will overlie the cellulose absorbent pad 80. A wide opening is
made in the retaining substrate 40 in the vicinity of the retaining substrate 40 which will overlie

the filter 50. An area is also cut out from the retaining substrate 40 where this will overlie the



The laminated assay card 10 is then fed to the two die-cutting press which cuts out the laminated
assay card 10. The cut out laminated assay card 10 is collected on a conveyor for packaging. 20
PACKAGING The laminated assay card 10 is then inserted into a protective pouch and sealed
with a hot sealer. Dry nitrogen gas can be inserted to improve reagent stability, if necessary.
EXAMPLE 2- REAGENT BLISTERS As mentioned above, other structures may be moulded
into the retaining substrate 40 to 25improve the funcfjpnality of the laminated assay card. Figure 7
illustrates a laminated assay card 10A according to one embodiment. This embodiment is similar to

that menfigned RRQEERENEHINARIR SRRDOGINERL IR [RARERY & fIRRRIMALS B RliRtRH 300, 310

are provided which are coupled via fluidic channels 305, 315 with the nitrocellulose membrane 70 of
the test stptESAMBIyRdY to crieitherassgerblyittesriSles additional reagents to be introduced, when
required, to provide for more complicated reagent reactions. Although this embodiment shows two
reagent resamMaits 5 300, 310, any number of reagent reservoirs may be provided. Each of the
reagents may be placed within a balloon or similar burstable structure in order to retain the reagents
within the reserVBf €300 081 DroFRisrBtRSiIFEE. dic-CrHingdagese raJ8RASIFd BRI Ry 98 1ocated at

diffegent dggafieng ﬁ{kjélgpl%ﬁéﬂ%é@lﬁﬁﬁﬁ){rpﬁgﬂé)& oHing ﬂié%&ﬂ?ﬂi%%ﬁﬁ%feth@%fﬁﬂ'ﬂm inated assay
card 10A may be placed into 10an apparatus (such as that illustrated in Figure 19) which automatically

actuatesHEESBIVEIH2380ths SomRp Thaybetral e d it tie et sEiRATSATEIC AS BAY SO oiltsrs

which extenelin theudirection afdhe widihRiibe kminatadagsay card 10A and which move relative to
the laminated assay card 10A in the direction A. Alternatively, the reservoirs may be actuated by hand.

As the reservoﬁ@?gg %§p%%@%e E’%‘Fi%?ﬁ#@& iﬁ%@gié‘gogﬁélt@&%ﬁl%ig}m HESERR e irqugh the
fluidic 15channels 305, 315 to the nitrocellulose membrane 70.
presses the adhesive layer 110 tightly against the retaining substrate 40. The robotic laminator
10 squeezes the support substrate 20 with a roller to make a tight seal. The retaining structure 40
sticks to the adhesive layer 110 on the support substrate 20. Then the assembled laminated assay

card 10 is removed from the mould 210 and turned 180° to face upwards.

PRINTING

An inkjet printer then prints typically a solvent-based UV-curing ink QR code on the

15 laminated assay card 10. If necessary, other instructions or information can be printed as well.

DIE CUTTING
The laminated assay card 10 is then fed to the two die-cutting press which cuts out the
laminated assay card 10. The cut out laminated assay card 10 is collected on a conveyor for
packaging.
20  PACKAGING

The laminated assay card 10 is then inserted into a protective pouch and sealed with a hot

sealer. Dry nitrogen gas can be inserted to improve reagent stability, if necessary.

EXAMPLE 2 - REAGENT BLISTERS

As mentioned above, other structures may be moulded into the retaining substrate 40 to

25  improve the functionality of the laminated assay card.

Figure 7 illustrates a laminated assay card 10A according to one embodiment. This

embodiment is similar to that mentioned above. However, in this embodiment, two reagent



REAGENT DELIVERY Although the laminated assay card 10A shown in Figure 7 and other
embodiments shows both the reagents being delivered to the nitrocellulose membrane 70, it will be
appreciated that this need not be the case. In particular, the arrangement of the reservoirs and the
fluidic channels 20 may be such that reagents may be delivered to other parts of the laminated assay
card 10A. For example, one or more reagents may be delivered to the glass wool pad 60, cellulose
filter 50, a calibration window or other parts of the lagainated assay card 10A instead. Alternatively or
additionally, one or more reagents may be delivered simultaneously to both the glass wool pad 60 and

the nitrocgllllipRR BEMAEI8 o 8%'%@E%ﬁi@d@h?ﬁ%@é@ﬂ%%@ﬁ‘&{& QHIRRPRAB OIS vith

25laminated assay card 10A by providing multiple fluidic channels from a single reservoir. Figure 8
schematibamjtipgsthaliess aicabartea) ‘pﬁgtﬁa@ﬁﬁ@ré%@ésﬁé&hfé@during production where the reservoirs
300, 310 are filled by a reagent-providing device 230 which occurs after moulding the reagent
reservoirs 300, Bii6 antantiwenketadnitides uldgirateadl 0ea 26 & XoAMd Ritko 3u SR ONMGE BuiSHER provide

ment|on%d above, other strhlctures may be mgtﬂ%%? nﬁﬁ.the rigatgmlnr% gHbv%tSr?te 40 to I|16m§rove the

functionahly 1 the {ARIRAtad Sy rceai%éél.oll—llsgure fitstrates a laminated assay card 108 acedrding to

one emhtidin3ait. ahkisbrderbddiagnttise stnvidars tm dlgdterpentided dEatlové thdovseats mahisegiioodiment,

two rea e%lrgsqugﬁlrs or bllstx?rs 300 a%LO re rowde% which are t%ougled \{la flw‘dlc channels. 305,

315 with TS RHGELICIoSe PRIRDRARE J0 BT he et S5 ARSEHBIY 50" Ao i eimbcient

shows tv#0Geafemtiésavoid 300, 310, any number of reagent reservoirs may be provided. Each of
the reagents may be placed within a balloon or similar burstable structure in order to retain the

10reagents withiRdheapeReQIFS o303 RIL8 LN Eb IR A VSRS IR dat 1B I paRNbRESERv@Irs 300,
310 may be located at different locations on the laminated assay card 10B. A reservoir 400 is

provided?&H W\ darthsviiiestisb peiapdotiiBr dienipalsdanaymadstite, maviksseiated itthore
detayl in FigipenfRusdebhan arianasmand wiktypiealty keRioyidedatcanynlativsd aadipga test sample

430 into the assay card, such as the inlet mentioned 15above. The reservoir 400 includes a resilient

compres%ﬁ)@n 3'111%[}"?%&3}5ﬁétaaﬁq)é‘,lﬁfﬁﬁéwmﬁlﬁ(:hamsm such as one or more rollers which extend in the

direction of the width of the laminated assay card 10A and which move relative to the laminated
assay card 10A in the direction A. Alternatively, the reservoirs may be actuated by hand. As the
reservoirs 300, 310 are compressed, the reagents contained within are expelled through the fluidic

15  channels 305, 315 to the nitrocellulose membrane 70.

REAGENT DELIVERY

Although the laminated assay card 10A shown in Figure 7 and other embodiments shows
both the reagents being delivered to the nitrocellulose membrane 70, it will be appreciated that
this need not be the case. In particular, the arrangement of the reservoirs and the fluidic channels

20  may be such that reagents may be delivered to other parts of the laminated assay card 10A. For
example, one or more reagents may be delivered to the glass wool pad 60, cellulose filter 50, a
calibration window or other parts of the laminated assay card 10A instead. Alternatively or
additionally, one or more reagents may be delivered simultaneously to both the glass wool pad 60
and the nitrocellulose membrane 70, cellulose filter 50, a calibration window or other parts of the

25  laminated assay card 10A by providing multiple fluidic channels from a single reservoir.

Figure 8 schematically illustrates an additional processing step required during production
where the reservoirs 300, 310 are filled by a reagent-providing device 230 which occurs after

moulding the reagent reservoirs 300, 310 into the retaining substrate 40.



compression of the reservoir 400, to expand to substantially reverse the compression. For example,
the reservoir 400 may be provided with a sponge-like structure therein which may deform upon
compression but then expand back to its original state. The reservoir 400 is coupled with an inlet port
420 via a conduit, such as a fluidic channel 410. 200peration of the reservoir 400 to facilitate loading
of the test sample will now be explained. At (i), the reservoir 400 is compressed and any contents,
such as air, are expelled through the inlet port 420 g the fluidic channel 410. At (i), a liquid
such as, for example, the test sample 430 is brought into contact with the 25inlet port 420. 29

Figure 1§ {lusbaies-apsxample&rgngement and operation of the inlet 420 for receiving the test
sample 430 according to one embodiment. The inlet 420 may be an example of the inlet mentioned

above. The inlehd 2:igionegh e wia dtiefktidicnoenduiy A Gnwithitdemesdrvaitaditg Aubsidit donduit 435
couples the micrgfluidic conduit 4 ith, .for example, the glass wool pad 5 60". A removable sealing
device 4 |rsmpl)?o%ﬁ:l§(§l %1%1 ilr%?é%ﬁ\)’l/asnggfl {ﬁé(%fﬁﬂg(ig t%:rghduit 435 to prevent flow of fluid to the glass
wool pad 60". The removable sealing device 440 may comprise a clamp which is held onto the surface

of or passes thidgyFf theleshieted e aapomrd 10R aegmudingiopnerbnsimentefiins in place
whilst thespsapie-ABR SaNamd R thefReivabdOHBRE-MANNRE MssiinnRdahRay LR fhereafter, at

(i), the fluidic conduit 410 is sealed either by heat-sealing, mechanical sealing or by the adhesive

sealing tBERRTGUR PhEHAGHRAOR RigLaE Prorisd, VOisEeih MRl Haribtidia thanasibéln séawdthhe
removablg.saalioe ieNs ed A isrenovedhd Ris erpRiesHisysservaindothtthRe-roysaliaebMithdhe glass

wool pad 60". At (iii), the_ reservoir 400 is compressed, the contents flow through the fluidic

conduit 410 IHSEREHSPNAENAE. 776 h HECABRBCERBIRFR NS FAfsY ibHRA0bSPEREIded Edaiufdith e onduit.
HoweverchebaeRcslibedchnifiQ eppbiesotnefiid tadawitovatdstha slasstwrahpadH0”. It

will be appreciated that the compression of the reservoir 400 may Qccur either by operation of a user

or hithy JEREFHY WENATSR BT PPsSith URELYRSHIEHH - e ntish Eed o (ehe EARNB I BEONDUITS
20In ordepto Provice peltitgaltomtralat theaflows ohflhidmmitate dhesiamnindtedmssay card

A reservoir 400 is provided on an assay card which is operable to generate a negative
pressure, as illustrated in more detail in Figure 10. Such an arrangement will typically be
provided at an inlet for loading a test sample 430 into the assay card, such as the inlet mentioned

15  above. The reservoir 400 includes a resilient compression member operable, following a
compression of the reservoir 400, to expand to substantially reverse the compression. For
example, the reservoir 400 may be provided with a sponge-like structure therein which may
deform upon compression but then expand back to its original state. The reservoir 400 is coupled

with an inlet port 420 via a conduit, such as a fluidic channel 410.

20 Operation of the reservoir 400 to facilitate loading of the test sample will now be

explained.

At (1), the reservoir 400 is compressed and any contents, such as air, are expelled through

the inlet port 420 via the fluidic channel 410.

At (i1), a liquid such as, for example, the test sample 430 is brought into contact with the
25  inlet port 420.

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



10B to prevent, for example, pre-mixing or back-flow into previously-emptied areas, various
mechanisms are provided. These include providing self-sealable fluidic conduits and fluidic 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 laminated assay card 10B or any of the 25laminated
assay cards mentioned. Figure 12 illustrates a sealable conduit. In this example, the sealable
conduit may comprise any of the fluidic channels forgged on the assay card. An adhesive may be
provided on either of the opposing surfaces of the fluidic channels. In this example, an adhesive layer

in the 30 form gf & dopplaRided.adhesive fara s JAavded Lo R aas Liilp SPRPIEURSHAe 20,

prior to the retaining substrate 40 being placed thereon. When the fluidic channel 180 is compressed,

in this extBfrisks Byple fidvassrsdingrta eoedroodineatighh Wikt Apie brtdcttaatlecot Mt tcould
be pinched hemween e ingers @2 dReh v vsing achand-helduielen QritRlierRdReiP96yice). the

two surfaces contact and effectively seal the microfluidic channel 180. Figure 22 illustrates an

arrangerfigitioransuii 4B feconatnsdhinpigrdldistisicomd Wb S ivéthifon rxanaisplbeddapiaveplév ddhesive
tapes450Qqds placaeh Mt sihalthestira ewiaceiating Hrdervinglayen andyatiildegringdd9sagons.
The tape 450 has slitted holes 460 formed thereln; t glgally by laser beam ablation. When the
overlyingTayeitid praebfukkiedis sgoned 1od R 1 dhe e Yatlse ealHsfigiare AHAHRRY GRTBREffo

adhesive, igASEAIANG KeRIFAHARD fg.ctested pasie misteluidiqchmanel yhgredhe aticrofluidic
channel can be sealed. In another embodiment, the adhesive is a selectively printed adhesive

printed in areas,on the sup %"tﬁé’c gﬁ% é%%iﬁs%%'%a%‘éew%?f’s‘l%ﬁ'eesf%%%‘i‘é‘& "i‘{ gdefined by printing or
not printing adhesive onto the suppadrting substrate. By using a printed substrate with varying surface
15propertiesyseldbtivelthseatable ardtionetiehalehannels may be created. INLET WELL In order
to accommodate excess biological sample being applied to the inlet, a U-shaped or horseshoe sample

reteption arrangemenfiis, HQyifleRifline Vioniyiod thesislated Bithar RNBEMEM RO VidesAi@ised area

in the retaining substrate 40 in a U-shaped formation around 20 the inlet aperture formed during
vacuum ?ﬁ%ﬂﬁaiﬁb.by the adhesive sealing technique mentioned in Figure 12 below. Once the fluidic

conduit 410 has been sealed, the removable sealing device 440 is removed. This enables the

reservoir 400 to be coupled with the glass wool pad 60°.

At (ii1), the reservoir 400 is compressed, the contents flow through the fluidic conduit 410
15  but are prevented from escaping through the inlet port 410 by the sealed fluidic conduit.
However, the absence of the clip 440 enables the fluid to flow towards the glass wool pad 60°.

It will be appreciated that the compression of the reservoir 400 may occur either by

operation of a user or may occur by activation of a compression mechanism mentioned above.

SEALABLE CONDUITS

20 In order to provide additional control of the flow of fluids within the laminated assay card
10B to prevent, for example, pre-mixing or back-flow into previously-emptied areas, various
mechanisms are provided. These include providing self-sealable fluidic conduits and fluidic
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 laminated assay card 10B or any of the

25  laminated assay cards mentioned.

Figure 12 illustrates a sealable conduit. In this example, the sealable conduit may
comprise any of the fluidic channels formed on the assay card. An adhesive may be provided on

either of the opposing surfaces of the fluidic channels. In this example, an adhesive layer in the



In one embodiment, an outer U-shaped formation of cotton wool or other absorbent material is
provided. With this configuration, a quantity of sample can be applied to the inlet, and if too much has
been applied, it flows over the dyke and gets absorbed by the outer U-shaped absorbent material. 25In
another embodiment, the outer U-shaped absorbent material is under an outer raised portion of the
retaining substrate 40. This provides two U-shaped raised areas, one within the other, with the outer
U-shaped area enclosing the absorbent material. Halgs (pinholes, or rectangular shaped holes, etc)
are cut into the retaining substrate 40 to allow the sample to be 31 absorbed by the absorbent

material ¢Jug il IRREIUCRLGSIBRIRIGIS-APRISHLSONSOVGFE iR SLRFRXCASHRSLEPRIE then
flows into the holes cut into the top layer and gets absorbed by the absorbent material. In another

embodinieHte sefizngriyles trisHibbei e minasdrilierpeoviadnipif udisisbens b ohcompecsetdining
substratef0. Within Whigh in&reiRsed abRarbens {Hﬁﬁ%ﬂgh HHGre Bha RIS e ke dhelppdayer are on

the leeward side of the U-shape, so that any excess test sample flows over the dyke and gets
absorbeddWdihe IshedetYreate sl sty AfthaJeeoydnd Wit alband=beld s1ipestadtBEdiients avoids

the Beediiq RISCIRE NSRS Bsh Aot aftast Saaniedhah Reses da ke aprlieddo the inlet. More

than the required amount can be applied for the 10 reaction to occur and any excess gets soaked up.
This approach %"oﬁdéﬁeﬁﬁs%gfe 93ible contamination, tfough,sp "a%sm%%égaﬁw Rfee. "
order to provide %%rliong term s orage of agreagen in‘a reservolr or blister, a reagent sack'is provided
as mentitmeckabgple dditdscapiedadhgsrer ents 456, e pdrertifooer mibeatingeatoregdbibe ofiibkofluidic
channels; preyents, the reagent reacting, vith.an alcglesive micals and losi tivity; .and prevents
e rengU RS BLARG L B3 o AR R e 0L G oo EHHEK ABRA
typically by laser beam ablation. When the overlying layer is placed thereon, regions 470 are
10 created in the microfluidic channel where no adhesive is present and regions 480 are created in

the microfluidic channel where the microfluidic channel can be sealed.

In another embodiment, the adhesive is a selectively printed adhesive printed in areas on
the support substrate. These selective sealable channels are defined by printing or not printing
adhesive onto the supporting substrate. By using a printed substrate with varying surface

15  properties, selectively sealable and functional channels may be created.

INLET WELL

In order to accommodate excess biological sample being applied to the inlet, a U-shaped
or horseshoe sample retention arrangement is provided in the vicinity of the inlet. This
arrangement provides a raised area in the retaining substrate 40 in a U-shaped formation around

20  the inlet aperture formed during vacuum moulding.

In one embodiment, an outer U-shaped formation of cotton wool or other absorbent
material is provided. With this configuration, a quantity of sample can be applied to the inlet, and
if too much has been applied, it flows over the dyke and gets absorbed by the outer U-shaped

absorbent material.

25 In another embodiment, the outer U-shaped absorbent material is under an outer raised
portion of the retaining substrate 40. This provides two U-shaped raised areas, one within the
other, with the outer U-shaped area enclosing the absorbent material. Holes (pinholes, or

rectangular shaped holes, etc) are cut into the retaining substrate 40 to allow the sample to be



The reagent sack is an aluminium foil sack sealed to a polypropylene backing with highly localized
induction heating. The reagent sack is made from aluminium foil which is nominally 15pm thick and
typically may be up to 50pm thick. The aluminium foil is coated with an inert 20surface coating material
such as lacquer paint.  As shown in Figure 13, a polished circular plastic disk former 1010 is
provided. In this example the polished circular plastic disk former 1010 has a diameter of 50mm, a
thickness of 3mm and is formed from polyacetal or pglycarbonate. A rectangular hole1015 having
dimensions of IOmm x 4mm is created by CNC milling. Of course, it will be appreciated that the

dimensiongs 5o HEROUGHH %%r&lﬁ%‘lﬁlg'%BWM&E%&%‘QI‘@%%&&}&M %%?sdo% gich the

dimensions of the reservoirs within which the reagent sack is to be placed. 32 The aluminium foil 1020
is deforndelavhlhesrsatdeshseshtisitespijans mcthehtes st tegon e ee apé gets therbafkbred
onto the @lUMjHINLEANaIRgr. A piece of polypropylene film 1040 is placed over the aluminium foil
1020. 5As shown in Figure 14, a tube shaped copper coil 1050 is aligned over the aluminium foil 1020

and polypropylleiFe fllgl 104% Pr ssyre is. a d to th ube and a h (Ihg(w %ya(rgg d’:l"y

between 0.1 M zaalr(l) T MAZ dmtlaf1 aﬁle Ié IS app elal%o%est% ape copper Coil 1050 for

a vety sIymmtbmef(ﬂypmﬁynlngtmbemdﬁe]éﬁ)awdﬂﬁrﬂ%)eEleetwhseduﬁlbmtbm&inmﬂemﬂnﬂmé 102 Boldxrate
creating 10intense t. Accordin a hi d, short lived h at pulse is geperated along the
o T Ml Ot RV R IR oy pyfer N AADG B SoEIB D

edge of {fe rectangu r his CAUSES T e po yprop
aluminiunvéoihtCRBaimdgtieabdgd dl/th ¢hh @bt anbdpressure. thhve ghdbe htawandafie btdesby the heat or

the magnetic field. A punch (not shown) is pressed onto the foil and the reagent sack 1060
containing the Each of these embodiments avoids the need to precisely measure the amount of test

sample that needs to be applied to the inlet. More than the required amount can be applied for the
10 reaction to occur and any excess gets soaked up. This approach avoids mess and possible

contamination through spillage.

REAGENT SACK

In order to provide for long term storage of a reagent in a reservoir or blister, a reagent
sack is provided as mentioned above. This approach prevents the reagent from migrating along
15  the microfluidic channels; prevents the reagent reacting with any adhesive chemicals and losing

activity; and prevents the reagent from being denatured by light and humidity.

The reagent sack is an aluminium foil sack sealed to a polypropylene backing with highly
localized induction heating. The reagent sack is made from aluminium foil which is nominally
15um thick and typically may be up to 50um thick. The aluminium foil is coated with an inert

20  surface coating material such as lacquer paint.

As shown in Figure 13, a polished circular plastic disk former 1010 is provided. In this
example the polished circular plastic disk former 1010 has a diameter of 50mm, a thickness of
3mm and is formed from polyacetal or polycarbonate. A rectangular hole1015 having dimensions
of 10mm x 4mm is created by CNC milling. Of course, it will be appreciated that the dimensions

25  of the polished circular plastic disk former 1010 and hole 1015 will need to match the dimensions

of the reservoirs within which the reagent sack is to be placed.

The aluminium foil 1020 is placed on the polished circular plastic disk former 1010 and a

stamp 1030 made of an elastic silicon rubber is pressed over the rectangular hole 1015.



15reagent is obtained, as shown in Figure 15. The reagent sack 1060 may then be inserted into
the blister or reservoir. When the rollers squeeze the reagent sack 1060, the aluminium foil 1020
ruptures and the reagent is released into the blister or reservoir and flows into the microfluidic channel.
QR CODES AND PHONE READER 20Figure 16 illustrates a laminated assay card 1100 according to
one embodiment. This embodiment has three reagent reservoirs 1120, 1130, 1140 each containing an
associated reagent, although more reservoirs may bg provided. A sample may be loaded into the
laminated assay card 1100 through an inlet and retained in a chamber 1150. A lateral assay strip 1160

is provided suchygs, g |gfelahi TIYBeaSS A BRI WL @Qﬂe@%ﬂ%ﬁﬁ@f‘ﬁ#ﬁ?eof!ﬁd%@ﬂﬂ@‘ét%‘ﬂ the

laminated 25assay card 1100 moves relative to split roller arrangement 1170 in the direction A and
displaced®&&gents from each reservoir in sequence to react with the sample and seals each
microfluidic channel associated with each reservoir, as will be described in more detail below. The split
roller 33 arrangémentgti¥B tHas mgapetboptevkattonipressiomahtne lateral assay strip 1160. The split
roller arrangement 1170 has a comparatively large diameter (in this example 12mm) with thick elastic

silicon rubber. Wiﬁ&@ﬁﬁ*%li’%&@l@ﬁ% R OuL0RGHRBE fosthmkhilahsaHee 2D G reservoirs and
|

squashing the channels The thickness is influenced by the amount of bare assay card area, the

Sreservoir zoneAaSn%(t)he fluidic ch%qnel z§n can,be absorbia Ol%the hng@_/ elast

Show 1 St Shapltd oA dR is ali oVer %giﬂ(ﬁ?nlﬁfnb?% .
Each reagent reserv0|rIH]2 gﬁ% 13141 %asgmlcr%?Fm&CC annel a§souatedt erewit coupﬂed with

the chanibép 2a8@oTmeapidtroéiditiic IdH@nnels associated with the 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 microfluidicrRaqinels applalYcortagedlyatheppitjaienlOasiangereantchly 0 Bites tha 1
associated reagent reservoir-lé%gé,llBO, 1140 has heen compressed. To enable the microfluidic

channel H48bEHRBE MPRRL ¢ diso it FRRUFIJRLPEBE $h4RF Icpttb 08 (b Pt e e ARMRHENS 150
requires (i9pitag ppasecadiace ahthe reagenidieser vaitsd 4R ih3Qudilan Tincleasedhket@agent

reservoirs density, the reagent reservoirs 1120, :!%(f)? ]g.fffo re staggered in two or more columns.

ThiproVitiass %%@?@%@éﬁﬁi&%‘wﬂﬁr@i Eidsihe Mels SR dperoner Antgethent

1170 hashen«assasiaierbleller panthihiehseo MpiassefofSdgRNM KQSEINO IS it dheseheaumnEum
foil 1020 along the edge by the heat and pressure. The reagent is unaffected by the heat or the

magnetic field.

A punch (not shown) is pressed onto the foil and the reagent sack 1060 containing the

15  reagent is obtained, as shown in Figure 15.

The reagent sack 1060 may then be inserted into the blister or reservoir. When the rollers
squeeze the reagent sack 1060, the aluminium foil 1020 ruptures and the reagent is released into

the blister or reservoir and flows into the microfluidic channel.

QR CODES AND PHONE READER

20 Figure 16 illustrates a laminated assay card 1100 according to one embodiment. This
embodiment has three reagent reservoirs 1120, 1130, 1140 each containing an associated reagent,
although more reservoirs may be provided. A sample may be loaded into the laminated assay card
1100 through an inlet and retained in a chamber 1150. A lateral assay strip 1160 is provided such
as a lateral immunoassay strip. A split roller arrangement 1170 is provided and the laminated

25  assay card 1100 moves relative to split roller arrangement 1170 in the direction A and displaces
reagents from each reservoir in sequence to react with the sample and seals each microfluidic

channel associated with each reservoir, as will be described in more detail below. The split roller



A QR code 1110 is provided which provides location and timing information for use by the assay
apparatus. The QR code 1110 may be read by the assay apparatus or, in this example, is read by a
mobile phone and communicated to the assay apparatus via, for example, a bluetooth 20 transceiver.
In this embodiment, the mobile phone is a LG Gt540 which runs an open source QR code image
processing library known as "zxing,,. Zxing is a library that contains a kernel supporting QR code
detection. Additional functionality is provided such agsa command interpreter, QR code result
transmission to the assay apparatus procedures, error handling procedures, lighting control

pfocedua%ﬁaﬁgmmvaliﬁgé@w REBHNIGR E%IﬁB%Q'o‘ili“Biﬂﬁéiﬂ?éljaﬂ%%ﬁ iihp lAminaied aasayeard to

enable, for example, the laminated assay card to be positioned in a location that can be imaged by the
mobile phéHEEcTHabEEH) ks pararnesteln S EierBIsiet 6ashis artmy s biwaerthy drek elapic
informatign s Hae MARIS RIAEHIOEABLL e APEIAtAROIHE RRTSY:GRRAIH ARA R 8f84nd

information to the mobile phone using, in this example, a bluetooth transceiver. 34 The QR code
encodessfvasherashsrpasirdn ihisrialipasgpsLidlrencadh@ithe pamsnbiob i aronsrdsnceriths T5) In
addiion, e QR coeMMETRRER EhadROGIBHRIGAU: AbAIBESLY HERANMOLIRESNEEhILEDS3 at

which each or all reservoirs should be compressed (although the length and/or speed information may

be pre-programme within the assayl?@p?%atﬁ)é‘whaddition tﬁﬁi R code may en o&i%infor ation

. reagent reservol das a 1o C cnan assoclate < 1
relatlng to the Wla , votume or contents of each reservow%‘f course, | Wlﬁ%e apprecia ecﬁWa more

or less infarplediontmidyy beaerbeodeéd0 1 beisnexafhplic Plaimthe distante froth tiertaginatedtassay card
1100 ed entre of the QR,code 1110:.P2 is.the distance to e the first reservaoir.,1120; P3
o the T R B e e S e T A L B ReDeie
1130; anchéorésctOonesdistdmealfeomctiodl fiadie dgenot therthirdyreseraoadlifi3h¢sphe rddtection zone
116Q. In the example,.{P1.P2.P3,P4,.P5} ={22 10.15.15.15} | h ngth of the reservoirs will
Sl B e heepiet fadd b L1001 150 1S0TAOHLAN CUmSEene
reservoir may then be changed by varying the width of the reservoir. However, the assumed length of

the reservoirs mM&FBRPEh IS AR RRrE IR ASaEE NEs e FragenEiRsen@drs 120 vilP0e

appreciatedthabthinsatiomethmmagent regemnairsuthe sparphal.tdsCangdibentataral agsay strip
1160 may be changed to suit the needs of the reaction to be undertaken and the methadology of

actuating th& 1hhihatdlad Qpesage the reagent prserieishdsniy-dasdpassphrsstiy A hdbild Thone will

now be degorikedtipserie idQdetall Wik wiRianseTIgFaswRIds the spAdestequdddbthautaipinated assay
card 1100 is inserted into an assay apparatus (denoted as reader in Figure 171. At step 5110, the

lanlinatethisietlyidicy ghinpelss Hifpitdallsy tHenasmmte! POMaR a5 ottt pHsceasimMie using the

rollers 1téthphareifseigonttinccapplies anmoftagkteotbiadistance 25 which displaces the card by a
pre-programmed amount to prevent the QR code 1110 from being obscured by the split roller

arrangement 11y %R code 1110 is provided which provides location and timing information for use by

the assay apparatus. The QR code 1110 may be read by the assay apparatus or, in this example, is
read by a mobile phone and communicated to the assay apparatus via, for example, a bluetooth

20  transceiver. In this embodiment, the mobile phone is a LG Gt540 which runs an open source QR
code image processing library known as ‘zxing’. Zxing is a library that contains a kernel
supporting QR code detection. Additional functionality is provided such as a command
interpreter, QR code result transmission to the assay apparatus procedures, error handling
procedures, lighting control procedures and communication procedures to control the positioning

25  of the laminated assay card to enable, for example, the laminated assay card to be positioned in a
location that can be imaged by the mobile phone. The assay apparatus contains a microprocessor
running software to receive the information from the mobile phone, to control the operation of the
assay apparatus and to send information to the mobile phone using, in this example, a bluetooth

transceiver.



35 position and timing information and any other encoded information such as speed is transmitted to
the assay apparatus at step S130. The offset applied by the offset routine at step S110 is then
reversed. At step S140 the laminated assay card 1100 is advanced by P2 rapidly, then advanced
5slowly at speed Si for the length L of the reservoir 1120 to squeeze reservoir 1120 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 T2. At step S150 the lajpinated assay card 1100 is advanced by P3-L
rapidly (which closes the microfluidic channel coupling reservoir 1120 with the chamber 1150), then

advanced slowlyt 3RSReRERDARE HiR ROk RIS hEd GSRAYNISA 4P I0SIERZEH RS AR 140 and

stopped. A signal is then sent to the mobile phone and a message Is displayed to the user. The assay

apparatugthHghinfarsaoereldytarhe) 1o, additinp stee @R sodnerarsiradtba ingtaed cerb@isldvanced
by P4-L rapidly;fwhiah Fieses dbe sniesaftiigic caanaeh crUnlingre s ovaibditdR with she Lhamber 1150),

then advanced slowly at 15speed S3 for the length L of the reservoir 1130 to squeeze reservoir 1130

and stops&dongsigiralciethamdonspsamenfrebRE Pheway anare-ressayaqd Hispiaybelasahie user. The
assay appARIURhEMW@ER fOHHalRY e héy encodeAhRIRRaEM Qe G ADINRIRS @S SAVFRED 1 100 is

ejected by P5 rapidly and stopped. The apparatus then waits for delay time T5 to allow an

immunorEAdERdA # FebuicsarspIh&Pfeamess sé i B e mecisisilelin sHa apidles meEyaEipn drsyIBged to
the userencodddiaHgss thamiakeas ashete efibe gsteation#ansandfiemnabilm pkape Bnalagsthe

image. Using internal calibration data, the colour signal from the image is converted into a

concentr@its ORacededd shnBiaiacheigiantsdosulem s, the first respavaash] 2 Baristths hetgedes the

laminategjgssayalct AP campleieln upiliameriisa &orped EBudaRAakeiorensap safects
the laminated assay card edfge. In this example, {T1,T2,T3,T4,T5}= {10,15,15,15,300} in seconds.
10  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 width of
the reservoir. However, the assumed length of the reservoirs may be changed by length

15 information encoded in the QR code.

It will be appreciated that the location of the reagent reservoirs, the chamber 1150 and the
lateral assay strip 1160 may be changed to suit the needs of the reaction to be undertaken and the

methodology of actuating the laminated assay card.

The operation of the assay apparatus and mobile phone will now be described in more

20  detail with reference to Figure 17.

At step S100, the laminated assay card 1100 is inserted into an assay apparatus (denoted

as reader in Figure 17).

At step S110, the laminated assay card 1100 is advanced by the distance P1 rapidly to
reduce processing time using the rollers 1170. An offset routine applies an offset to this distance
25  which displaces the card by a pre-programmed amount to prevent the QR code 1110 from being
obscured by the split roller arrangement 1170.

At step S120, the QR code is read by the mobile phone. After a delay time of T1 to allow
mobile phone to interpret the QR code, a message is displayed to the user at step S120 and the



36 Although the timing in this embodiment does not take account of the speed of advancing and
squeezing the reservoirs, for other embodiments, the speed of advancing and the distance advanced
may be taken into account to adjust timings for more time-critical reactions. The P1 and Ti values may
be pre-stored as 22mm and IOs in the firmware or software of 5 the mobile phone. If the QR code is
printed in the same way at the same location each time, then these information items may remain
constant. To register a new P1 and Ti value, the useyswill scan the QR code manually and the mobile
phone will send this information to the assay apparatus as an update. This P1 and Ti information is

then effective JRLRAGHRRsaN SAFhAbNMFamedid Ul Re.ARRieH iR thabie RQRLrAfRdsshnique

could equally be applied to the other embodiments mentioned above to provide position information,
timing inferfagRsaYorRHar S cEeR b i ohn afibat speh ekhyien e e EBnsatoion SbMduthray
operatiop.Qp.{pg assay card. ABSORPTIVE JOINT Figure 18 illustrates an absorptive joint
arrangement. Whenever multiple fluidic channels 15meet, there is a risk of back flow between the

fluidic channelshich cagheaLitin mixind ot loss qf . Alihoughh sealaple ghaniels,and double
roller arrangements mentioned above can address this problem, e app?ro ches can increase
complexitipahdat eptedSdofdinigtylcagtiabsof gitve padol2 0D B tprayided fedsichimbl2bepicwgeddn the
chamber,1150 mentioned abaoye). TQ1 ahsorptive pad 1200.such as a glass wool disk is provided with
Sositeote A I o e e T A o a R SraTR 2 TSR
immunoaggpasastsithd24@iis tordbimatiore With an absorption pad 1250. The absorptive pad 1200 is

highly hydrophilic In this example, three reservoirs 1210, 1220, 1230 are provided which are

coupled with the alisprptise tRathArRRddasRisrefdidimohanaelscdhsyalsorphivRIpad ARAQ isspsqided
at the 25joint of the microfluidic channels coupled to the reservoirs 1210, 1220, 1230. The

absorptiV g hawns! woupline 1eserrrito\e Gardt the chemhstidbe by ire sdeanersira ashnat: 220,
1230 is rieagedtbykOMHRNIND drensizesandicaniigusalipRobhedesaryous dxlfopgdd A 23Rathe

microfluidic channels and the speed of the rollers to be less than the
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 laminated assay card 1100 is advanced by P4-L rapidly (which closes the
microfluidic channel coupling reservoir 1140 with the chamber 1150), then advanced slowly at

15  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 laminated assay card 1100 is ejected by P5 rapidly and stopped. The
apparatus then waits for delay time TS5 to allow an immunoreaction to occur. A signal is then sent

20  to the mobile phone and a message is displayed to the user.

The user then takes a photo of the detection zone and the mobile phone analyzes the
image. Using internal calibration data, the colour signal from the image is converted into a

concentration of a target substance in the test sample.

The assay apparatus then ejects the laminated assay card 1100 completely until an optical

25  card sensor (such as a photosensor) detects the laminated assay card edge.

In this example, {T1,T2,T3,T4,T5}={10,15,15,15,300} in seconds.



37 absorptive flow rateHence, the absorptive pad 1200 has the strongest absorption speed, quickly
absorbs fluid and slowly releases it to the nitrocellulose membrane that has a lower capillary flow rate.
In this way, the absorptive pad 1200 acts as a buffering zone. Accordingly, the flow that reaches
the absorptive pad 1200 is absorbed by the glass wool 5 pad which prevents back flow. This
arrangement is simple and robust, low cost and obviates the need for sealable channels or double
rollers. ASSAY APPARATUS Figure 19 illustrates aggrrangement of an assay apparatus according to
one embodiment. 10 The assay apparatus provides a simple, reliable and effective arrangement for

determining theRSEACHOtHIAGRHARGTHID & iR SRTHE: TRE SLARAUP ROk R ARSAY

apparatus are shown with its cover removed to help improve clarity. DETECTORS In this example, the

assay afdretiecenia prsES AN Ot car stigrcaiudongid athoptresl aisrdetactos 20601tisBgR other
types of soufc& anchdeteetiormay Q&Bﬁﬁv%eﬂigﬁ‘gpﬁﬂﬁﬁgll foRPPRbiRe sheragieNisiss ghihe particular

reactions that are intended to occur, such as the mobile phone mentioned above. Accordingly, the

optical properties of the f uﬂ resulting from the reaction,gccurring within the.reaction chamber can be
R ormime ma e T g R et 8B
2056. TyhicalbhitbeloorcéhthatiQR oddhestarget®Baderstoavey deteersined dranpthesd opticahen
charactetrlllstlc%?nd aﬁ |nd{cat|on of the Exresence of the tar%?ta 6}%%”%?%% (lealprgiﬂge@ on the ﬂllsplay

€SC (0) N 1iems may, re, canstant. 10 regis vV € USCr w.
2060. HOWaver, it will e ‘appreciated that other Charactenstics Could Be measured to determine the

presencehattafgRtcade mafor hxam phe, rantele ptrooh emicahdebeciofomagtioe fardwidadaywhich couples

with metallic strips on the Jami teE SS ard. The. electrochemical detector. then measures
bleoroctbi R A URIAT PRSP POt ER MRS IR SR SRIF R SR s ER
signal tosamampiifier which amplifies these characteristics, if required, and an indication of the

presence of the target agent can be provided on the display 2060.
10 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 card.

ABSORPTIVE JOINT

Figure 18 illustrates an absorptive joint arrangement. Whenever multiple fluidic channels
15  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 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
20  effectively an infinite flow sink such as a nitrocellulose membrane provided as a lateral
immunoassay strip 1240 in combination with an absorption pad 1250. The absorptive pad 1200 is
highly hydrophilic.

In this example, three reservoirs 1210, 1220, 1230 are provided which are coupled with
the absorptive pad 1200 via microfluidic channels. The absorptive pad 1200 is provided at the
25  joint of the microfluidic channels coupled to the reservoirs 1210, 1220, 1230.

The absorptive pad 1200 has a flow rate f0. The flow rate f1, {2, f3 provided by the
reservoirs 1210, 1220, 1230 is managed by controlling the size and configuration of the reservoirs

1210, 1220, 1230, the microfluidic channels and the speed of the rollers to be less than the



38 ROLLERS In overview, the operation of the assay apparatus is as follows. An assay card
having a test sample provided therein is introduced into the apparatus between a pair of
polymer-coated rollers 2070. A switch 2080 is activated which sends a signal to a roller controller 2090
to drive the pair 50f rollers 2070 using a motor within the roller controller 2090 via the gear train 2100.
The motor may be a stepper motor or may be provided with a position indicator to enable the roller
controller 2090 to provide accurate control. The presence of the gear train 2100 causes each roller
within the pair 2070 to counter rotate and slowly draw the laminated assay card between the rollers in

the direction A As gl e xR /AR IMDYBS, AR hRloWolis CarseR s JesRbiplEs PR L0 the

laminated assay card to be compressed sequentially to cause reagents therein to be released into the

reaction @HalApebsartaithnésudisiarityselisssrie the mipadipystusgatagnatiatdeiid eeible roller
arrangepentiybiel aybeuardinpiace oidhrivingle Paibakiolersewrimeesiened above. In the

double rollers arrangement a pump roller 500 is provided which is offset by a predetermined distance

from a valve roller 510. The pu 15raller 500 gperates to co the reservaoirs, and. displace the
flids contamed ATy o R Snelee R A 2 e B e BB e
assay cgrad ebichgntiveigd advigowhe valve roller 510 operates to selectively seal the microfluidic

channels either temporarily or permanently in order to prevent mixing of fluids and to assist the

reaction, as Wilh@%%ﬁﬁ{%@ﬁﬁm argpietal Bebavy, I gBseend b im R thedRRE FhigasREN In Figures

21A to 21C, the pump roller 500 and the valve roller 510 are offset by a predetermined distance in the
directionR28RGISiATAUBIAIAPRES have different lengths. In this example, the valve roller 510 has a
shorter length than the pump roller 500. However, the exact dimensions and relative locations of the
two rollerssean B&RRis8ependent on the layout of the laminated assay card. Each roller may even
be formed of a humber of segarate rollers 25 having gaps inbetween. The pump roller 500 .is

dimensioned ad&dEatdd B HRIST AL AF FERERI A ST ADRYBIIE 1B M SR AR cated
to he ableHedseyaghwithupesoftiidicchaly) elsiseltad Dertheilaminatechassayraiidriaieadieethose
microfluidic changfls to be selectively sealed. For example, the valve rﬁ}I'Ier 510 in this example will

|

seal anyMR¥TBifufid BREHRSE B e TREG SPIBROMG S MTASHY ARPHIAARER outside of

this regich30b40tungitectedena® ticndespssp@va dtfigure 21A, the rollers 500, 510 have a fixed
distance between them

DETECTORS
In this example, the assay apparatus comprises an optical source 2040 and an optical

15  detector 2050, although other types of source and detector may be provided dependent upon the
characteristics of the particular reactions that are intended to occur, such as the mobile phone
mentioned above. Accordingly, the optical properties of the fluid resulting from the reaction
occurring within the reaction chamber can be determined when the aperture 2030 is aligned with
the optical source 2040 and the optical detector 2050. Typically, the concentration of the target

20  agent can be determined from these optical characteristics and an indication of the presence of the
target agent can be provided on the display 2060. However, it will be appreciated that other
characteristics could be measured to determine the presence of a target agent. For example, an
electrochemical detector may be provided which couples with metallic strips on the laminated
assay card. The electrochemical detector then measures electrochemical characteristics of the

25  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 2060.



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 5scale, 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 compresses the reservoir 520. Thereatfter, as
shown in Figure 21B, following any required delay tg @llow any reaction to proceed, the pump roller
500 compresses the reservoir 530. Although the pump roller 500 will 10also compress and seal the
microfluigig,ghaanel 525, the valve roller 510 is also now in a location to seal the microfluidic channel
525 and the microfluidic channel 535 is no longer sealed. Accordingly, fluid will be emitted from the
reservoir 530 aleng thei¢enictiodlojdicatbanfiel b3S dyudiparaisriofiyithtl eanhe laS2fy willdieasegjadda

prevent any hackflow towards the reservoir.520 As s n in Figure 21C. the compression of
both the FUUBI 1 A0 o e B T B 416 18P G e STy b e i e o
retains tReMickafuidic WtinpelstbadndbB5dndheisigloded coifiguratioriter2 090 bedapprécigted that,
if required, a self ing.region 480 e provided jn the yicinity of the locatio he, valve roller
st d bl it AR IS MR IR R s bl Do
535. 20 b@ECBTHONPPENSINGor maPie provnided setisorfnoirsholva)are pnabidebeonltbe assay

apparatus which i%’-ﬁ'@ t with.indexing on th? I? Inated assa ﬁgrd to eterrﬂ'% its location and to
. con I‘OTleI' §O pI’OV% ee% curate control. eepre ence,é_{ ex%lear ain causes €4dcC I‘%l ?I‘
provide control signals to‘control the operation 0 rollers.” For example, one or more photodetectors

may be prokidebe paict? 0T Wioichugérrexaes adignall yviien dhedperire drtbey leaninatedcassay card is
sensed. e 28different Ahgiadetecipis may b used i enarais diferant signals such as pauging for
different amounts of time, causing the Iamlng ed assay card to be heated, vibrated or suBYecteglnto
othHr stithalimsnileing syyertndds he thenpirersatedjassayl bard Giuap prapnidgtehocationbavitl @sable
signals t9 %%etgé(%géj&%% t():}{ atrrﬁ% et%hoto teé:(;g%rf, tgng{r;able tf}% grocessing of the laminated assay card to

S1mnuitan T 11} S€ . Ly .
be paused for appropriate amounts of time to ena qe,r%or example, reactions within the laminated 40

Figure 20 illustrates an example double roller arrangement which may be used in place of
the single pair of rollers 2070 mentioned above. In the double rollers arrangement a pump roller
500 is provided which is offset by a predetermined distance from a valve roller 510. The pump
15  roller 500 operates to compress the reservoirs and displace the fluids contained therein to cause
them to move throughout the microfluidic channels on the laminated assay cards as mentioned
above. The valve roller 510 operates to selectively seal the microfluidic channels either
temporarily or permanently in order to prevent mixing of fluids and to assist the reaction, as will

be described in more detail below in Figures 21A to 21C.

20 As can be seen in Figures 21A to 21C, the pump roller 500 and the valve roller 510 are
offset by a predetermined distance in the direction A and, in the example, have different lengths.
In this example, the valve roller 510 has a shorter length than the pump roller 500. However, the
exact dimensions and relative locations of the two rollers can be varied dependent on the layout
of the laminated assay card. Each roller may even be formed of a number of separate rollers

25  having gaps inbetween. The pump roller 500 is dimensioned and located to displace any
reservoirs. The valve roller 510 is dimensioned and located to be able to interact with
microfluidic channels routed on the laminated assay card 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

30 540 unaffected.



assay card to take place, or to be heated or 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 laminated assay card based on its 5relative location
within the assay apparatus. HEATING Furthermore, electrical contacts (not shown) are provided
which contact with heating elements placed on the agsay card. These heating elements are configured
to contact with the electrical contacts when the assay card reaches a desired point during processing.

These heating %%%Wﬁ&ﬁﬂ&@@@?é%&?{ﬁe%i@ﬂf%& Wi eificacy; ol derGHRnS YR fhg.assay

card. A detector such as a contact thermometer or an infra-red detector (not shown) may be used to

provide f8clipalitect WbhitrdistHie apeielliare O genpsdagschrd el mibidtuyalrsonitsringlcould be
pefformQ%ﬁ}ﬁ‘é%@e@F?ﬁi&%i@?&ﬂﬁie{c?&éﬁﬂ@l%@{be&é\%wnflﬁ'&%@ﬁtﬁiﬁ?&ﬁ&% hgating:slements are

described, it will be appreciated that any suitable means of heating the assay card may be 15provided

such as,dereghaidentadhtines ereovord Wit anghdss syragisipatug ofilih Fepbr/ssngtesdhyteard.
In agditiqp,ja drtagiRh Il as R Bhatalalrstiar isRrRvided dpetirhoyw whighs detectssfar.the

presence of a flow preventer which is used to decouple the reaction chamber from the inlet port to
facilitate s Ay SRS Samplesad peontbretekeledithe had dbnpurap tole oR0feveRterc2behe pair of
rollers 204Qmgy bmare prevented from being actuated to prevent damage such as bursting of the
reservoirs, chambers or microfluidic channels. In this example, the reagents are selected to cause

a change in the,gplical propeficsof he tesuliAnkapmposiian i e seaction chiamagy wilh e optical
properties varying in dependence on he Concentration cﬁ?a?éet gent Within the test ample. en
the aperpureQ03hispaligped 26Mithdheppticaltboucser@iid 6 dnd theogtidal petgetoil205Q) thid optical

properties of the camposition gan be detected and pr, ed to provid .indication of the presence
%S 3 ca dﬁw rgi/cg)(%ﬂgl'&é:han éi) %ﬁe V, R/groﬁe % f{ﬁ:ﬁseﬁsq now 1n aqocp

of the taflge(f %%néﬁlfeﬁgi%% the ISp cordingly’if can be seentha polypropylene ?ﬁlr%nof the

laminatet assah cardpfbvidiesprotettidh dod the seasifluelanchiragile® Mesnbrdoezmosenéxternal
Contam”}é&%?dgqg& fluid will be emitted from the reservoir 530 along the microfluidic channel 535 but

the microfluidic channel 525 will be sealed to prevent any backflow towards the reservoir 520.

As shown in Figure 21C, the compression of both the reservoirs 520 and 530 by the pump
15  roller 500 has completed and the valve roller 510 retains the microfluidic channels 525 and 535 in

their closed configurations.

It will be appreciated that, if required, a self sealing region 480 may be provided in the
vicinity of the location of the valve roller 510 in the position shown in Figure 21C in order to

permanently seal the microfluidic channels 525 and 535.

20  LOCATION SENSING

One or more sensors (not shown) are provided on the assay apparatus which interact with
indexing on the laminated assay card to determine its location and to provide control 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 laminated assay card is sensed. The

25  different photodetectors may be used to generate different signals such as pausing for different
amounts of time, causing the laminated assay card to be heated, vibrated or subjected to other
stimulus. Placing apertures in the laminated assay card at appropriate locations will enable signals
to be produced by the photodetectors to enable the processing of the laminated assay card to be

paused for appropriate amounts of time to enable, for example, reactions within the laminated



41 polypropylene film also provides a sample loading opening. The user can dispense the sample to
the sample loading opening by means of disposable plastic pipette or, preferably, by direct sampling
by dipping into the sample. The PVC backing provides a rigid support for the laminated assay card.
Because the joint 5section of nitrocellulose membrane and conjugate release pad is very delicate, it
should not be bent or deformed. If that happens, the surface property is changed and, as a result, the
capillary flow pattern is changed. Then, the sensitivifjyand reproducibility could be affected. Therefore,
it is important to provide a rigid support for the test strip to prevent such an undesirable changes

The PVG hacking alsqurpMaes A B iRIRG @IS 950w ARRLAEDRIMSIUEHAD (R RaTieRdS 1A dRsR QR

code) and warning or indication sign. The printing can be performed by screening printing, offset or

flexo-priftifip ushpresEe aeiRe oy AR apRTAtISe are deskeheddtalilliosanneasibreth i Yosppmeertiiise an
open f'O%&éHHQEM&%@HEﬁi’ﬂr?H}J% preenRdneHRicHRvIdIS fharprLRAT e, opvehlavet«vdien a blood

plasma is drawn to the channel, the plasma begins to fill the microscopic pores and the capillary flow
begins. MaansddifbALICI SeeARsrabpeisipacenten snalsdern drdrrodaikilsseanerrbbased tidigap

between thaiceVSEARH NRMPIADGSISalSS.HRgcessary flow. Then, a significant amount plasma liquid
just flows through the flow channel without having an opportunity to meet the immobilized antibody.

To preveﬁﬁ%ﬁ\pca loss, nitrocellulose membrane has an open channel. To achieve this, a burning
laser beam scanner is used to selectively cut out the opening area. The laser source can be 20 CO2

laser, Nd-YAG faseican@drrefeiiohl. JOReassasarsidien saanpiodidRasy eabalas: waadHagHs out the
sample loading opening. ALTERNATIVE LAMINATED ASSAY CARD igure 23 illustrates a

F .
laminatetlHBEAE BAtrd P0G QRIBORE 0 BRRS BRATEGIRERENTHRECABDEEiP iFRNRI S Bfple pad
1200,, agiesiagrastewhamierssal QandaJaicsaflwidice Rioshanngls Hiatcauplemdisectyawith the

lateral assay strip 1160,, rather than via a chamber 1150,, The laminated assay card 1100" has three

realdbnt FESBAAGIECEE 815, AR¥Are 1A 0MBERYT BuneAliity &1 HasBensdd hen gt ShHatidn hisrector
reservoirgenay Be AevidasmiosARPI6 ity Re-eadetdde (ihe dingted pesaywerisipkdOfadhrough an
inlet and retained in the sample pad 1200,, A lateral 42 ) o

feedback to control the temperature of the assay card. This temperature monitoring could be

performed by the optical detector 2050 mentioned above. Although electrical heating elements

are described, it will be appreciated that any suitable means of heating the assay card may be

15  provided such as, for example, heating the void within the assay apparatus which receives the

assay card.

In addition, a detector, such as a photodetector, is provided (not shown) which detects for
the presence of a flow preventer which is used to decouple the reaction chamber from the inlet
port to facilitate loading of the test sample. Upon detecting the presence of this flow preventer,

20  the pair of rollers 2070 may be are prevented from being actuated to prevent damage such as

bursting of the reservoirs, chambers or microfluidic channels.

In this example, the reagents are selected to cause a change in the optical properties of 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 2030 is aligned

25  with the optical source 2040 and the optical detector 2050, 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 2060.

Accordingly it can be seen that the polypropylene film of the laminated assay card

provides protection for the sensitive and fragile membrane from external contamination. The



assay strip 1160" is provided such as a lateral immunoassay strip. The sample flows from the sample
pad 1200" via the chamber 1150" and into the lateral assay strip 1160,, under capillary action. A split
roller arrangement 1170" is provided and the laminated assay card 1100" moves 5relative to split roller
arrangement 1170" in the direction A and displaces reagents from each reservoir in sequence to react
with the sample and seals each microfluidic channel associated with each reservoir, as will be
described in more detail below. The split roller arranggement 1170" has a gap to prevent compression
of the lateral assay strip 1160,, The split roller arrangement 1170" has a comparatively large diameter

(in this example, L RMMININEE GIRSUCSHERN B4ABRE o PO ARARIES NP HONESI B QYR RaRK and

forth whilst squeézing the reservoirs and squashing the channels. The thickness is influenced by the
amount dfbayarisdagdingrgamethe nesosofidimesaieinlastiurpe Ehahmes Eord s dry & ehsorbed by
the highly,glagtis sliaqpbhes kashiproent reservoir 1120,, 1130,, 1140" has a microfluidic channel
associated therewith. The reagent reservoirs 1130,, 1140" are coupled with different parts of the lateral

assay 15strip 1160" whilst the reagent reservqir 1120" is coupled with the chambgr 1150,, The.
e erariinic ool AR S o - R i S35 A B meiios,
frond the ssplibrotiénarvacidnsenb dribh Bhatatibcooft@atoretailsofpadah vesedebirast) chstivatl theotriierofluidic

channels are onjJy.contac %1b the split roller arrangement 1170" after the associated reagent
Bt ol b e e B oo e A St
with the feageattceservbinsetd 20hei 130, schib40 ity del repteduto ey aterkl sy @tdp THGOfoandtthe

chamber. 1150 r ires routing space adjacent.the reagent reservoijrs 1,120,, 1130..,11 To increase
e reaq SR S R B R T TR R Pt Pane &
more columns. This provides the space required for routing the microfluidic channels The split roller

arrangement 177" Th4s Bpchiesalseintetid6HampRiRgHEr Lo Ao SResHof Bt LR GiREtMIA those
columns(or a AR Boaepgnd WanisPse videsidn cisRravidesihecation asgdiningcntaraaiander use by
the assay apparatus. The QR code 1110" may be read by the assay apparatus or, in this example, is
read by OB PHcher A RSB 610 R8s KshBHPA in a similar manner to that
described above. 43 The QR code encodes five items of position information (P1 to P5) and five
items of timing iNfomtzerail{isoTaNreadditidnsi ghed ORbe sdedpeaylencorial ey Idrgtiel. MbILB of each
or all resgyaite AL R AReRH BLI%RG LB cachlcA BI e ORI G somRIaRsA.

(although the length and/or speed information may be pre-program within the assay 5 apparatus)

In additi_éh@ ﬂi@sngab@gd@_méyléhem@mﬁmmaﬂorﬁmmiﬂge@mﬁwdthmm@ Hrasoridiitenet each
respyvoir, QF COUESS. Bl PG aRPGEAleD gt faeiR B eas P aiion MavReanariad L Hys

example, P1 is the distance from the laminated assay card 1100" edge to the centre of the QR code
1110,4 PR bhengietienieetoneerssay fhevirShrasemeinfigno anpgis pleswistinde tosedgesohmegecond

reservoirl 1404 R4S NG HSIRMGEi IR GHYD R NG HHE RSB O mmobilized antibody.

To prevent such a loss, nitrocellulose membrane has an open channel. To achieve this, a
burning laser beam scanner is used to selectively cut out the opening area. The laser source can be
20  CO2 laser, Nd-YAG laser and, preferably, DPSS laser. The scanning laser beam also used to cut

out the sample loading opening.

ALTERNATIVE LAMINATED ASSAY CARD

Figure 23 illustrates a laminated assay card 1100’ according to one embodiment. This
embodiment includes a sample pad 1200°, an enlarged waste chamber 1210’ and microfluidic
25  channels that couple directly with the lateral assay strip 1160°, rather than via a chamber 1150°.
The laminated assay card 1100’ has three reagent reservoirs 1120°, 1130°, 1140’ each containing
an associated reagent, although more reservoirs may be provided. A sample may be loaded into

the laminated assay card 1100 through an inlet and retained in the sample pad 1200°. A lateral



101130,4 and P5 is the distance from the far edge of the third reservoir 1130" to the detection zone of
the lateral assay strip 1160,, In the example, {P1,P2,P3,P4,P5} = {22,10,15,15,15} in mm The length of
the reservoirs in this example varies, but they may instead by fixed in which case the volume of the
reservoir may then be changed by varying the width of the reservaoir. It will be appreciated that the
location of the reagent reservoirs 1120,, 1130", 1140,, the 15chamber 1150" and the lateral assay strip
1160" may be changed to suit the needs of the reacfjgn to be undertaken and the methodology of
actuating the laminated assay card. The operation of the assay apparatus will now be described in

more detail, ] E‘t%amWti%%%ﬂ)é&ﬁi%%oa%{érm%ﬁ{ﬁ%mgﬂsﬁﬁ%%gﬁ{ﬂ@ﬁo@@?rlﬁﬁ‘iﬁ@ted assay

card 1100" is advanced by the distance P1 rapidly to reduce 20processing time using the rollers 1170,,
An offsetBuineasblifés Fin disebapbsisldiztaned widdhedidprabessaieterd 19 aupeerserjtanmed
amount tp.prgvent the QR code 1110" from being obscured by the split roller arrangement 1170,"

The QR code is read by the mobile phone. After a delay time of Ti to allow mobile phone to interpret

the QR code, a message is displayed ,user and the ition and timing 25infqrmation and any
other encoded TN S Chad Do B S B R S O P s
TheXoffsetlapptied dpyithelleffsatingatiatis tliehineherdeectidd A anlihbsidmicrategassdyooardch100" is

advanced l%)é P2 rapidly, then adv nee t%Iowl af S Q{ed %i for the len th(i_i o{lthe rleservoir 1612q to
IESCITVOolr .1n, Sfﬂ &nce 0 reac V\g € samp eé)n seaseiac mlcrogllu ¢ channel associated with
squeeze reservoir 1 and stopped. A signal’is then sent to the mobile phone and a message is

displayedath tresengeir, IHhe dissayappbedtusntioen deaitsbid o de [Byetiplet Tl Bhadgmeatdd #¥Sas @ard
1100" is advanced by P3-L1 rapidly.(which closes the.mi %glui ic.channe| coupling reservajp.1120"
with the SRR Qs L0 s S Sl W o e SHC B RN T o
squeezearesapaitivti0laggrddsiopped iAtsig nahispiledr2 wemy totthihicloblilstphohecandbbeneBsage is
dISP(I)a yegntzﬁ)fgse the ?(r)ll-errré Sy 8Ra2 E%HJFo'lt‘ﬂ'legvl\ll\{f%!ttgcfgge%161{%¥1{[|er¥eesérr\3/birs 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 microfluidic channel associated
therewith. The reagent reservoirs 1130°, 1140’ are coupled with different parts of the lateral assay
15  strip 1160° whilst the reagent reservoir 1120’ is coupled with the chamber 1150°. The
microfluidic channels associated with the 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.

20 To enable the microfluidic channels associated with the reagent reservoirs 1120°, 1130°,
1140’ to be routed to the lateral assay strip 1160’ and the chamber 1150 requires routing space
adjacent the reagent reservoirs 1120°, 1130°, 1140°. To increase the reagent reservoirs density, the
reagent reservoirs 1120°, 1130°, 1140’ are staggered in two or more columns. This provides the
space required for routing the microfluidic channels. The split roller arrangement 1170’ has an

25  associated roller part which compresses reagent reservoirs within those columns.

A QR code 1110’ is provided which provides location and timing information for use by
the assay apparatus. The QR code 1110’ may be read by the assay apparatus or, in this example,
is read by a mobile phone and communicated to the assay apparatus in a similar manner to that

described above.



10The laminated assay card 1100" is advanced by P4-L2 rapidly (which closes the microfluidic
channel coupling reservoir 1140" with the lateral assay strip 1160"), then advanced slowly at speed S3
for the length L3 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. 15The laminated assay card 1100" is ejected by P5 rapidly and stopped. The apparatus then
waits for delay time T5 to allow an immunoreaction t;occur. A signal is then sent to the mobile phone
and a message is displayed to the user. The user then takes a photo of the detection zone and the

mobile phone aﬁﬂ@’%ﬁsc% endPNRIR VNG BISIpalicRIIRIBHAR dAtep G PSIaKSigRaldram the image

is converted into a 20concentration of a target substance in the test sample. The assay apparatus

then ejectdthe iRdeiimati 45849 Eavdln rdditemphetQi; aads arpshcaieshe sagtvl (sioch3aef gach
photosengai) ARIRCE NG ARINAIECE A AN S/ 2 AR U IS BMEEids SRotiRt b dodlipressed

{10,15,15,15,300}in seconds. Although the timing in this embodiment does not take account of
the spee@gtatnlictheit abaand/of e npf ehazEeB Mgy deroFotegempeditahis tsassgsed of

advancing andkie fisianee.RdNaneddnanae (akai IR AREONT R AIUS HENNRL QTTIRHE or
time-critical reactions. 45 The P1 and Ti values may be pre-stored as 22mm and IO0s in the

firmwareCORSHt Pt tRECTHBKIIO prHe. [itthe IOR dhieciatpdithatmein erdashdnpay aki oRansarhe

location @ﬁ&m&i@ﬁl thenthasadniaroationiisms may fﬁ@l@iﬂiﬁ&c@é@%yﬂ%ﬁ@@ iﬁ?@f EU9EYY a{Je_and Ti
value, the user will scan the SR code manually and the mobile phone will send this information to the
t

assay 5&5pHFR s A ceadtk! Orhfe pethgdistriisro ks risthrdH S fieiveitdr A8xt Bk salPeard of the
same kingsthvill Re-apprrsirtecthat the Ry qade tachpigve sauit et alRe arnlied teghesther

10 1130’; and PS5 is the distance from the far edge of the third reservoir 1130’ to the detection zone
of the lateral assay strip 1160°. In the example, {P1,P2,P3,P4,P5} = {22,10,15,15,15} in mm.

The length of the reservoirs in this example varies, but they may instead by fixed in which

case the volume of the reservoir may then be changed by varying the width of the reservoir.

It will be appreciated that the location of the reagent reservoirs 1120°, 1130°, 1140°, the
15  chamber 1150’ and the lateral assay strip 1160’ may be changed to suit the needs of the reaction

to be undertaken and the methodology of actuating the laminated assay card.
The operation of the assay apparatus will now be described in more detail.
The laminated assay card 1100’ is inserted into an assay apparatus.

The laminated assay card 1100’ is advanced by the distance P1 rapidly to reduce
20  processing time using the rollers 1170°. An offset routine applies an offset to this distance which
displaces the card by a pre-programmed amount to prevent the QR code 1110’ from being

obscured by the split roller arrangement 1170°.

The QR code is read by the mobile phone. After a delay time of T1 to allow mobile phone
to interpret the QR code, a message is displayed to the user and the position and timing
25  information and any other encoded information such as speed and reservoir length is transmitted

to the assay apparatus. The offset applied by the offset routine is then reversed.



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 card. 10
REFERENCE CURVE PROVISION In embodiments, structures and components to support a
reference curve may be provided on the laminated assay card in parallel with the main assay reaction
to provide a stand alone calibration curve. For example, two standards (a hi and a lo) may be provided
for on the laminated assay card and may be injectedy gimultaneously with the sample and processed
using 15 common reagents so that temperature and environmental effects that cause reduced or

increased intengiy igitalf:arR GAbIAIR] 40 TRAL TG 8081P i AR RIS ASRRIAIRANY APspeed

immunoassay card, and method Tor production are disclosed. The ¢ard has a backing sheet for a

mechaniealfeufpornain &dselrifiyseey rtdrbl didw teseaseipererairiARlirsssannsdd s everifiim for
providing@,pERLe ¢ SHERRE o CaflR N RING f0r 8 1IN 4610 BRANAY Phegtsihers B fiRadhesive

layer. The strip and the cover film adhere on the surface of adhesion layer. The film has vacuum
mouldedvf?é@kfé?ﬁlleié}’tﬁ@@tﬁﬁ; The clamping pressure to press the strip is controlled by adjusting the
depth of the pocket. On the cover film, there are holes for venting air and for injecting the sample. The
production line &ha koliterrollapsaress] Albackingsineed toll BS{hintagidg (wihdincRBadhesive roll and a

cover fim foll e caver i s previously mayed with vecuum, movkding,process using oty and a
vacuum to create a pocket structure. The test sfrip IS a multilayer Taminaté structure composed of
nitrocellsiosel ISz fobrhadsrae R\ C bbtkineséitnviahl AD50rbgntadeseoanjudade reléaspstibel apna
sample f{'st%rlenT *s‘%n{q‘o”%féé‘.%"’%i%?@’}oﬁ%{% a%ﬁha']“m%‘s“ tilayercard, 46, Stucture. £a1 A%rs‘a{y'ggqt%{‘a?#gﬁlé?ace to
print barcode, label and instructfons as well as u‘lgger grip space during sampling. will be
appreciatedtsHat thdafeatoees3of the different embodiments mentioned above can readily be combined

together by the skilled person, as appropriate, in other combinations than 5those explicitly disclosed.
REFEERENCESThe laminated assay card 1100’ is advanced by P4-L2 rapidly (which closes the

microfluidic channel coupling reservoir 1140’ with the lateral assay strip 1160’), then advanced
slowly at speed S3 for the length L3 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.

15 The laminated assay card 1100’ is ejected by P5 rapidly and stopped. The apparatus then
waits for delay time T5 to allow an immunoreaction to occur. A signal is then sent to the mobile

phone and a message is displayed to the user.

The user then takes a photo of the detection zone and the mobile phone analyzes the
image. Using internal calibration data, the colour signal from the image is converted into a

20  concentration of a target substance in the test sample.

The assay apparatus then ejects the laminated assay card 1100 completely until an optical

card sensor (such as a photosensor) detects the laminated assay card edge.
In this example, {T1,T2,T3,T4,T5}={10,15,15,15,300}in seconds.

Although the timing in this embodiment does not take account of the speed of advancing
25  and squeezing the reservoirs, for other embodiments, the speed of advancing and the distance

advanced may be taken into account to adjust timings for more time-critical reactions.



Each of the applications and patents mentioned in this document, and each document cited or
referenced in each of the above applications and patents, including during the prosecution of each of
the applications and patents ("application cited documents") and any manufacturer"s 10instructions 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 documents cited,gr 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 incorporgied Perain: Py JRIGIENSEL L pNagE MO ficaUens AOth REFHARRAL thedessriagd

methods and system of the invention will be apparent to those skilled in the art without departing from

the scopb@rtparithsmn dfithe o aodets duititicth & ilgesatioh s Sehsaescapaiirih shriveeidhRith
specific preferad:fMPAIPEREY shaUH dsmuadersiaedithatihenrentianas saimad showdnot be

unduly limited to such specific embodiments. Indeed, various modifications of the described modes for

carrying 2e8beHRRrststivAnNMidafdishviobiderphprsw Bkitad himolosuiBidtody arsilated fields are
inte@dedaf%%t‘ﬂgtmrﬁﬁhﬁ)é%p?}ﬁg e FlaMSin i DIMSIEn R FRENHDEISH ASTAXGH h AYPRIISING: @

support substrate; an assay strip assembly provided on said support substrate operable to test a
sample; Wﬂﬁ%taining substrate provided overlying said support substrate and said assay strip
assembly to form a laminated structure retaining said assay strip assembly therein. 2. The laminated
assay card of Qlawilhemippredinsaidhstgdpo@subdtratehanpisam kétamily bekbgirhtd arehbanided

together, 3 is AN MRAIRA AP SR ST KIRID s R R IR A DR BRiR3 L ASSM D I B, BRREMPlY

processing information such as when to heat or perform some other operation on the assay card.

10 REFERENCE CURVE PROVISION

In embodiments, structures and components to support a reference curve may be provided
on the laminated assay card in parallel with the main assay reaction to provide a stand alone
calibration curve. For example, two standards (a hi and a lo) may be provided for on the
laminated assay card and may be injected simultaneously with the sample and processed using

15  common reagents so that temperature and environmental effects that cause reduced or increased

intensity signals are calibrated in real time against the standards.

Accordingly, an immunoassay card, and method for production are disclosed. The card
has a backing sheet for a mechanical support, an assembly of a lateral flow test strip for an
immunoassay and a cover film for providing a protection surface and a clamping force. On the

20  backing sheet, there is a thin adhesive layer. The strip and the cover film adhere on the surface of
adhesion layer. The film has vacuum moulded pocket fit to the strip. The clamping pressure to
press the strip is controlled by adjusting the depth of the pocket. On the cover film, there are holes

for venting air and for injecting the sample.

The production line is a roll-to-roll process. A backing sheet roll is laminated with an
25  adhesive roll and a cover film roll. The cover film is previously moulded with vacuum moulding
process using hot air and a vacuum to create a pocket structure. The test strip is a multilayer
laminate structure composed of nitrocellulose membrane, a PVC backing film, an absorbent pad,

a conjugate release sheet and a sample filter. The immunoassay card, a thin multilayer card



10comprises at least one reagent layer operable to react with said sample. 4. The laminated assay
card of any preceding claim, wherein said assay strip assembly comprises at least one reservoir. 5.
The laminated assay card of Claim 4, wherein each reservoir is in fluid communication with at least
one reagent layer. 156.The laminated assay card of Claim 4 or Claim 5, wherein said reservoir
comprises an inlet reservoir operable to receive said sample. 7. The laminated assay card of Claim 6,
wherein said inlet reservoir is operable to filter said ggmple. 8. The laminated assay card of any
preceding claim, comprising at least one reagent 20reservoir operable to receive a reagent. 9. The

laminated|, 335a¥ Q%ij%\%%' @h@u@?é@@é@k@%ﬂﬁ%&%ﬁg'tﬁw%ﬁﬁpiﬁs%@ﬁb'ﬂé%@@%h [RAGRIY ERPIVOIr

with assay strlp assemb y. 10. The laminated assay card of any preceding claim, wherein said
retainingSBétss &é‘%ﬁ}ﬂ*‘ig@s a shaped primary recess operable to receive assay strip assembly. 48
11. The laminated assay card of Claim 10, wherein said shaped primary recess is dimensioned to
compress assalt stilptesggndeliitodtbaaic Segaport stitistkiféerent 2mblodilanninatedtéasalabard ofiany
one of Clai to 11, wherein said Jetaining s bstrate comprises secon ary recesses
operable (for(%fgflne aﬁgglset%oﬁl a?sal ttr%eserl%?/ltl)lgspan(? Taid Hiflie ggr?duﬁl i%colnﬁ é?nlna%71 %nassay
cardbof ahysereqddinty clacimsaherein said retaining substrate

REFERENCES

Each of the applications and patents mentioned in this document, and each document cited
or referenced in each of the above applications and patents, including during the prosecution of
each of the applications and patents (“application cited documents”) and any manufacturer’s

10  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 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.

15 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 spirit of
the invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly limited
to such specific embodiments. Indeed, various modifications of the described modes for carrying

20  out the invention which are obvious to those skilled in molecular biology or related fields are

intended to be within the scope of the claims.



comprises an elongate aperture arranged coincident with said at least one reagent layer. 14. The
laminated assay card of any preceding claim, comprising a retaining structure at least partially
surrounding an inlet hole operable to retain said sample in a vicinity of said inlet hole. 1015.The
laminated assay card of any preceding claim, comprising a vacuum device operable to generate a
negative pressure at an inlet hole to assist receiving the sample. 16The laminated assay card of any
preceding claim, comprising an indicator encoded op-said laminated assay card operable to provide an
indication of at least one of a configuration of said laminated assay card, instructions for using said
laminateghasggy card, user identification, 15physician identification and a date of dispensing. 17.A
method of manufacturing a laminated assay card, the method comprising the steps of: (i) providing a
support dubstratelatfiinpeditissangaad, assgyising: assembly operable to test a sample on said
supporting substrate; and 20(iii) overlying a retaining substrate on said support substrate and said
assay strip assgmlyda fapn@daminated structure retaining said assay strip assembly therein.

an assay strip assembly provided on said support substrate operable to test a sample; and

5 a retaining substrate provided overlying said support substrate and said assay strip

assembly to form a laminated structure retaining said assay strip assembly therein.

2. The laminated assay card of Claim 1, wherein said support substrate and said retaining

substrate are bonded together.

3. The laminated assay card of Claim 1 or Claim 2, wherein said assay strip assembly

10 comprises at least one reagent layer operable to react with said sample.

4. The laminated assay card of any preceding claim, wherein said assay strip assembly

comprises at least one reservoir.

5. The laminated assay card of Claim 4, wherein each reservoir is in fluid communication

with at least one reagent layer.

15 6. The laminated assay card of Claim 4 or Claim 5, wherein said reservoir comprises an inlet

reservoir operable to receive said sample.

7. The laminated assay card of Claim 6, wherein said inlet reservoir is operable to filter said
sample.
8. The laminated assay card of any preceding claim, comprising at least one reagent

20  reservoir operable to receive a reagent.

0. The laminated assay card of Claim 8, comprising fluid conduits operable to couple each

reagent reservoir with assay strip assembly.

10. The laminated assay card of any preceding claim, wherein said retaining substrate

comprises a shaped primary recess operable to receive assay strip assembly.
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11. The laminated assay card of Claim 10, wherein said shaped primary recess is dimensioned

to compress assay strip assembly onto said support substrate.

12. The laminated assay card of any one of Claims 4 to 11, wherein said retaining substrate
comprises shaped secondary recesses operable to define at least one of said reservoirs and said

fluid conduits.

13. The laminated assay card of any preceding claim, wherein said retaining substrate

comprises an elongate aperture arranged coincident with said at least one reagent layer.

14. The laminated assay card of any preceding claim, comprising a retaining structure at least

partially surrounding an inlet hole operable to retain said sample in a vicinity of said inlet hole.

15. The laminated assay card of any preceding claim, comprising a vacuum device operable to

generate a negative pressure at an inlet hole to assist receiving the sample.

16 The laminated assay card of any preceding claim, comprising an indicator encoded on said
laminated assay card operable to provide an indication of at least one of a configuration of said
laminated assay card, instructions for using said laminated assay card, user identification,

physician identification and a date of dispensing.
17. A method of manufacturing a laminated assay card, the method comprising the steps of:

(1) providing a support substrate;

(i1) positioning an assay strip assembly operable to test a sample on said supporting

substrate; and

(ii1) overlying a retaining substrate on said support substrate and said assay strip assembly

to form a laminated structure retaining said assay strip assembly therein.



