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deposited on substrate in solution form The invention is
particularly suited for drying solution to produce 5 reagent test
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produce one or more strips. Many existing systems designed to dry such biological reagents
25  use high-velocity air impingement techniques to dry coating applied in aqueous form to a
substrate. While effective to a certain extent, there are disadvantages associated with these
currently employed techniques, typically due to low heat that may be applied and high air
impingement ratés necessary for drying in a reasonable amount of time.
As such, there is great interest in the developmeﬁt of new techniques for drying a
30  liquid reagent composition with low viscosity and surface tension that has been appliedtoa
substrate. The present invention satisfies this need by providing an improved approach to
drying a liquid coating or composition applied to a substrate. Specifically, the present

invention avoids problems commonly associated with high-velocity air impingement drying
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19 J UL 2006 such as poor efficiency, slow desiccation, solution -
" disturbance due to airflow Various features of the inventi on gofifi e1eg
i ncreased manufacturing efficiency, a concomtant reduction in
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20p resent BRIEF DESCRIPTION OF THE DRAWINGS
Each of the following figures diagrammatically illustrate aspects of the present
invention. Variation of the invention from that shown in the figures is contemplated.
Figure 1 shows an overview of the inventive system from the front side.
Figure 2 shows a top view of material being coated by a coater section with solution
25  for drying in an IR dryer section of the invention.
Figure 3A and 3B shows a bottom and side views, respectively, of a heating panel
used in the IR dryer section.
* Figure 4 shows a bottom view of a heating panel assembly used in the IR dryer
section.
30 Figure 5 shows a close-up of the IR dryer section from the backside.
Figures 6 shows product of the inventive system in an intermediate stage of
production.

Figure 7 shows an exploded perspective view of a test strip made using the present

invention.



_invention. 1 9 JUL 2006 DETAILED DESCRI PTION OF THE I NVENTION I n
- describing the invention in greater detail than provided in they jy; 2008
Summary above, the subject drying systemand nethods for its use are
described first in greater detail, follow,-d by a review of reagent
test strip precursors that can be fabricated with using the subject 5
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Unless defined otherwise, all technical and scientific terms used herein have the same
25 meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or equivalent to those described
herein can also be used in the practice or testing of the present invention, the preferred
methods and materials are now described. All existing subject matter mentioned herein
'(e.g., publications, patents, patent applications and hardware) is incorporated by reference
30  herein in its entirety. The referenced items are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission

that the present invention is not entitled to antedate such material by virtue of prior

invention.



invention. 3 1 9 JUL 2006 It is noted that as used herein and in the
appended clains, the singular forns "a", "and", "said" and "Hh§jUL2WE
i nclude plural referents unless the context clearly dictates

ot herwi se. Conversely, it is contenplated that the clains my be
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provide a shield fromunnecessary exposure to radiant ener and act
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| nCOﬁlB(?ﬁﬂ?‘}r ﬁ%/er I&%oﬁé’&% Erﬁsr%e provided in-line with dryer section (6) as well. These
may include features like those in dryer section (6) or employ air-impingement drying
techniques.
Preferably, the various dryer sections are provided behind a cover or within a

25 housing as shown. Door(s) may be included for access. When employed in a radiant drier
section, the structure will provide a shield from unnecessary exposure to radiant energy and
act like the walls of an oven, re-radiating absorbed energy and speeding drying within.
When employed in auxiliary dryer sections utilizing forced air for drying (especially, heated
forced air), the structure provides a containment environment.

30 Substrate or webbing (8) preferably comprises a semi-rigid material that is capable of

providing structural support to a test strip in which it may be incorporated. The substrate
may comprise an inert material like a plastic (e.g., PET, PETG, polyimide, polycarbonate, |

polystyrene or silicon), ceramic, glass, paper, or plastic-paper laminate.



may conprise an inert material |like a plastic (e.g., PET, PETG

" polyi nmide, polycarbonate, polystyrene or silicon), ceranic, o asiyl 7008
paper, or plastic-paper lamnate. 4 1 9 JUL 2006 For use in an
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wel 1y, dry' a variety of different types of coatmg compositions applied to the surface of a
substrate. In many embodiments, coating (10) comprises one or more reagent members of a
signal producing system. A “signal producing system” is one in which one or more reagents

25  work in combination to provide a detectable signal in the presence of an analyte that can be
used to determine the presence and/or concentration of analyte. The signal producing System
may be a signal producing system that produces a color that can be related to the presence or
concentration of an analyte or it may be a signal producing system that produces an electrical
current that can be related to the presence or concentration of an analyte. Other types of

30  systems may be used as well. |

A variety of different color signal producing systems are known. Representative
color signal producing systems of interest include analyte oxidation signal producing

systems, An “analyte oxidation signal producing system” is one that generates a detectable



A variety of different color signal producing systens are known.
Representative color signal producing systens of interest inggggﬁzmﬁ
anal yt e oxi dation signal producing systenms. An "anal yte oxid

signal producing systenm is one that generates a detectable 5 1 9 JUL
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Act ac’onggrgio% %)%%gt)a or 1211%1% i:r%lgi%htor cdmpounds into a detectable product in the presence of
hydrogen peroxide, where the amount of detectable product that is produced by this reaction

25  is proportional to the amount of hydrogen peroxide that is present. This second enzyme is
generally a peroxidase, where suitable peroxidases include: horseradish peroxidase (HRP),
soy peroxidase, recombinantly produced peroxidase and synthetic analogs having
peroxidative activity and the like. Seee.g., Y. Ci, F. Wang; Analytica Chimica Acta, 233
(1990}, 299-302. .

30 The indicator compound or compounds are ones that are either formed or
decomposed by the hydrogen peroxide in the presence of the peroxidase to prodube an
indicator dye that absorbs light in a ﬁredetennined wavelength range. Preferably, the
indicator dye absorbs strongly at a wavelength different from that at which the sample or the

testing reagent absorbs strongly. The oxidized form of the indicator may be the colored,
6
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' nqectrocgbglgéa tegtt s?;npss ?\.?e gfn paiv‘ucular mterest to)the present invention. Such reagent
systems include redox reagent systems, which reagent systems provide for the species that is
25  measured by the electrode and therefore is used to derive the concentration of analyte in a
physiological sample. The redox reagent system present in the reaction area typically
‘includes at least enzyme(s) and a mediator. In many embodiments, the enzyme member(s)
of the redox reagent system is an enzyme or plurality of enzymes that work in concert to
oxidize the analyte of interest. In other words, the enzyme component of the redox reagent
30 system is made up of a single analyte oxidizing enzyme or a coilection of two or more
enzymes that work in concert to oxidize the analyte of interest. Enzymes of interest include
oxidases, dehydrogenases, lipases, kinases, diphorases, quinoproteins, and the like. -
The specific enzyme present in the reaction area depends on the particular analyte for

which the electrochemical test strip is designed to detect, where representative enzymes
7
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pyrrol oqui nol i ne qui none, types of surfactants such as Triton, "Macol,
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for coating (10). In solution, the systempreferably conprises a

A xt enclagos@bout 6% protein, about 30%salts and about 64%water. The
e R T AR T P,
the bmwedetdnde mydiiteras ddestibed above is preferably used for coating (10). In solution,
the system preferably comprises a mixture of about 6% protein, about 30% salts and about
64% water. The fluid most preferably has a viscosity of roughly 1.5 Cp. Still, it is to be
25  understood that numerous kinds of solution méy be dried with the inventive system. Most
preferably, the solution comprises reagent-type solution. Indeed, the advantages of the '
present system are most apparent in connection with drying solution in which chemical
activity must be maintained and with less viscous solutions, particularly solutions with a
viscosity below 100 Cp.
30 As for hardware to be used in the inventive system, Figures 3A and 3B show a
pi'efelred heating element used to deliver radiant energy within dryer section (6). The
apparatus depicted is a panel or heater board (24) produced by Radiant Energy Systems
(Wayne, NY). For each board (24), 8 resistive heaters (26) are provided in connection with

a ceramic thermowell (28) and associated electrical connections (30). The heaters are set to
8
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levels do not destroy the substrate. In some instances, it may be possible to use a substrate
that transmits or is transparent to the energy and achieve the same effect.

In either event, solution (10) will typically easily absorb energy, i.e., have a high

25  emissiviy (about 0.9). Accordingly, the IR energy applied has an effect where needed for
drying, but not elsewhere.

Even under high-intensity drying conditions according to the present inventton, it is
possible to dry reagent coating without significantly affecting reagent activity. For instance,
where protein-based reagents are included in the coating, the drying conditions employed are

30  setso as not to denature the protein reagents beyond utility. More particularly, when the
solution applied to the surface of the substrate includes an enzyme, activity of the enzymatic
coating composition following drying by the present does not exhibit significant loss of

activity as determined by DCIP/PMS methodology. The low absorptivity of the water in the
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ut i lthepregenb@pkestion. Typically, each comprises an air impingement dryer utilizing heated,
forced air. Auxiliary dryers (22) are useful in speeding-up web processing by completing
drying once the shape of the bead of solution laid-down on the substrate is substantiélly set
25 by radiant-energy drying.

Normally, air impingement drying introduces a host of problems, especially in drying
low viscosity solution. Simple air-impingement drying introduces both cross-web and
down-web reagent stripe inconsistency as compared to the processes of the present -
invention.

. 30 At the most basic lével, it is easily understood how high-velocity air impinging upon
solution produces tipples, resulting in an uneven dried product aldng the length of a stripe of
solution. The effect on the cross-section of dried reagent produced using air-impingement

drying alone is, however, less obvious. Solution coating dried merely by air-impingement
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approach offers significant improvement in dried stripe width accuracy and placement
precision. ‘

F urtﬁermore, thicker coating regions of reagent may be achieved without requiring
- 25  multiple coats of solution. In instances where it-is not feasible to alter the surface tension of
“ reagent or the surface energy of substrate to be coated, there are few alternatives to control
stripe width and thickness. The ability to rapidly set the shape of thick coatings makes their
application feasible. |
In an electrochemical test strip, the dried reagent coating serves as an active layer in

30 the electrochemical cell. Sufficient concentrations of the reagent components are required to
achieve satisfactory results. It has been appreciated by the inventors héreof that low -
concentrations of reagent produce poor test results. The ability to apply relatively thicker

reagent coating on substrate for inclusion in test strips thus offers potential for improved test

strip accuracy.
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the form of a card). The width of the test strip precursor may also vary depending on the

nature of the particular test strip to be manufactured. In general, the width of the test strip

precursor (or coated substrate alone) may range from about 0.5 to 4.5 in (13 to 114 mm). It
25  may, of course, be wider, especially to accommodate additional stripes of solution.

As alluded to above, the width and depth of solution coating applied to substrate or
webbing (8) may also vary depending on the nature of the product to be manufactured. For
test strip production, the striping width will typically range from about 0.05 to 0.5in (1.3 to
13 mm) and its thickness range from about 5 to 50 microns. Especially for use in

30  electrochemical test strips, stripes or bands of aqueous reagent material are most preferably
laid down in widths about 0.065 to 0. 200 in (1. 7 to 5.1 mm) wide and between about 15 and
25 microns deep when wet.
After being cut into a card, like that shown in figure 6, precursor (54) is singulated to

produce individual test strips (62). Like the precursor, test strips may be cut manually or by
12



20 stage shown in figure 6. As such, the length of the test strip
precursor may vary considerably, depending on whether it is ihgthg 2006
formof a tape or has a shorter shape (i.e., in the formof a card)
The width of the test strip precursor may al so vary dependi ng on the
nature of the particular test strip to be manufactured. In general, -
t he mitohitedindhe(dgswits uﬂaspr sipglé@tlimsmaar(soa reoytdidicgtis reats eal )oddy may
range fromabout 0.5 to 4.5 in ééq% to_é?l4 my. It 25 may, _of course,
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wet. After being_cut_into a_card, like that sho n figure 6,
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200 SIS ans (o oo, wih a | aser singulation means, a rotary

1di e cutt iFiguRERhDwWsah @xploda’melewpffaomnigs@fepmyntb@v@abcttdthamﬁﬁﬁﬁcsmnﬁ hown
and descrlbed or in a single operation. Patterns wused for cutting
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into rrps rn may of not
on tdmmmzﬁﬁ&atﬁmrmm hﬂap&xrtqoﬁn@deﬂmddiytatbre@d mltmgspaaéﬂ @ébveWgeraajacéme
pattern is visi may .be apparent froma conplete outline,

a pdergeat paseh (TZQ@megggqr@ﬁgpggsggpm &ripe. markings of a strip. For

atent an fieapein BRRPAPAAS 5GP RteB B WA K FabboB8 g >
Reaggied Tete ttheStcadtish Zond 0 The gmnmt?ofq:hwslogi@amanip@dﬂﬁt isiigttodifce@ifié Ngl e
representative el ectrochem cal test st rlg' The subject test trip
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into the reaction area of"the test strip may var genera
r andiesn i oxidédablet (oDretlutible) Bulplance in an amount con'espondmg to the concentration

of the component to be analysed (i.e., analyte). The quantity of the oxidizable (or reducible)
substance present is then estimated by an electrochemical measurement.

25 The measurement that is made may vary depending on the particular nature of the
assay and the device with which the electrochemical test strip is employed (e.g., depending
on whether the assay is coulometric, amperometric or potentiometric). Measurement with
the strip (62) is preferably accomplished by way of a meter probe element inserted between
the electrode members to contact their respective interior surfaces. Usually, measurement is

30 taken over a given period of time following sample introduction into the reaction area.
Methods for making electrochemical measurements are further described in U.S. Patent

Nos.: 4,224 .125; 4,545,382; and 5,266,179; as well as WO 97/18465 and WO 99/49307

publications.
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usually fromabout 0.3 to 0.6 |I. The sanple nmay be introduced into the
reaction area using any convenient protocol, where the sanpl ?grrjm Rﬁ’d
injected into the reaction area, allowed to 20 wick into the reéaction
area, or be otherw se introduced through the ports. The conponent to
be analyzed is allowed to react with the redox reagent coating to

form an gwiidivaaitlegection of GUgddalolensit SIARL SerePat@ind RO WAL &P dneSRendi ng
to the concentration of the conponent to be analysed (i.e., analyte).
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sanpl uction into the reaction area. M of naki ng
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1®! eqidOcRETS CRlggsi gnal generated in the reaction zone, the anount of

the anal yte present in the sanple is typically determ ned by relating

the el eThe oxbion zaie isivgnieh agieity catuedprtfepablp haes velsmefof pt Pustabshty

obt ai ned caontrol or standard al ues, In many enbodi nent t he
el e@llﬁgdﬁ%‘fﬂycaéﬁeaé'i fi’ﬂﬁ’iF gﬁé'j%ﬁi gﬁ?é%;suzﬂ)éﬂsl% élg‘élﬁél-é/)t‘i@ “é‘_eﬁghé SPUEL | on
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str t'o ‘produce a va centration

i N gh SRR SicePRipaes (50). tWRIlE Bfetspacek IdyBr is Ah6WR 1S 8&iHeA! le¥@ng@adi Ny
device for automatically practicing these steps, such that user need
15n| teagipgn srea tnphigh the afpenteationddmnsti yigneccarsd othies ponfigadatione afe poasiblgnal yt e

congentration.. r |t fr vice, i.s further cri hed i

copCn s’ Rianfial eyl Pets (80 Teargln by 156 L FRE IS iy e

I eagpacOayaendrillyMiingés faoihiabbiit0.000a0 002018123 &P300 aR usudB!frie of at

| east about 0.11, usuall¥ at | east about 0.3 | and nore usually at

| eaghous BHEB t90.80p 1 (AHede” tmy- vhramennerinwhishdke spacerds et 2@ | or

| ar . i . =8 | .er.m .

chodSbmipSpP Ufatiidicd of B 70). ALK EERGLTMRER e hifang ogger
20defpdres may ey anilgak iths suffiidntlo turgs BPprovidebh effedthe cafraicererkitoned

activity occurs, other configurations are possible; (e.g., square,

tri ﬂw&ﬁ% thedpacti@naFea. i r r equl ar - shaped reaction areas, etc.). The

thicknesgg %piEt}a& the working and reference electrodes are generally configured in the

form of elongate strips. Typically, the length of the electrodes ranges from about 0.75 to 2
in (1.9 to 5.1 cm), usually from about 0.79 to 1.1 in (2.0 to 2.8 cm). The width of the

25  electrodes ranges from about 0.15 to 0.30 in (0.38 to 0.76 cm), usually from about 0.20 to
0.27 in (0.51 t0 0.67 cm). In certain embodiments, the length of one of the electrodes is
shorter than the other, wherein in certain embodiments it is about 0.135 in (3.5 mm) shorter.
Preferably, electrode and spacer width is matched where the élements overlap. In a most
preferred embodiment, electrode (64) is 1.365 in (35 cm) long, electrode (66) is 1.5in (3.8

30 cm) long, and each are 0.25 in (6.4 mm) wide at their maximum and 0.103 in (2.6 mm) wide
at their minimum, reaction zone (68) and ports (70) are 0.065 in (1.65 mm) wide and the
reaction zone has an area of about 00064 in” (0.041 cm?). The electrodes typically have a

thickness ranging from about 10 to 100 nm, preferabiy between about 18 to 22 nm. The
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spacer |ayer generally ranges from about 0.001 to 0.020 in (25 to 500
m, usually from about 0.003 to 0.005 in (76 to 127 m. The manner in

" which the spacer is cut also determines the characteristics qug@fymﬁ

(70). The cross-sectional area of the inlet and outlet 20 Torts mmay
vary as long as it is sufficiently large to provide an effective
entrance or exit of fluid fromthe reaction area. As depicted, the
wor Kipigesiacorpefaerdeinaie atipdd seotlask (a3 & Fehmma)l from clordridgilecedde 6dhe form
of elongate strips. Typically, the |length of the electrodes ranges
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2bout "0, 1808550 fing 0 3 R Mo@nl i e bEbREILATEPIIRRES 50 T,
0. 27cimbifftidnlwith nfeady farptaiting & physidlogieairadiptenidior 4 Meet engidingf one

of the electrodes is_  shorter than the other, wherein in certain
ehbotisiamert sueh pgneipd apovs. Mhere thephysiolagycak pasnple to be psied by astp is

| .SDa s ' | |l ap. |
oot DoBFPERIGRERE ngVifitiiad Syl LRSS itk for MBI TRYD 0N °P, " @
el ecidi@dRn(fH&ns] Sdhdlike) KdiRr,36st eidp Hidngay iackideacbn@sleoidhorn (6. 4

mm) wide at their maxi mumand 0.103 in (2.6 nm wde at their
i ni stardard okt 3 slicowmenirabIoluing e costame)stapdardizageoneantiationst nm) wi de

d th i . f ' 4 in2. (0 1 cnR).
The BlEwel R EREy ARG InErelaR o RRNE 1AL PEINLRAlE 10 10
PO imwentyndh ehaddmiigitieest ankaityteldntentAdon 1 a phpididgidalYample. 2AHEe
spacer incorporated in the,strip is set back 0.3 in (7.6 mm) fromthe

end iapiseations eayde)preseneQiyPePraROTe pE AR NeEDvBkaging alabeltinsdey ththat i s

0. 165,11 . i ps according to the present invention
may é”ﬁ?%é?%%gm%ﬁﬂgggﬂgggﬁE“@E%bination with nmeans for obtaining a

physi ol ogCcahssanpl e and/ or a nmeter or reading 5 instrunent such as
not ed above. \Were the physiol ogical sanple to be tested by a stripis
bl ood, thEheughjthe invenian haspeemdesgdedingglsrense tha singls exampls, ppiionally

I ckKi £ CR.: ' : || ke, Burt her,
oo citipfiohl 18 hu ReblRe bt 3P IR Im B0, bGrokiotild 4%
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glucose). Finally, a kit may include instructions for using test
st r i hgseinc 8dp & bryurderyteed gt tp besadiha thepreseat fseation isde e Hubted arly

anal ) o SROSCHGHIADsdohe Bt HOISHON G ks SHIR deingTEP S il UCL ! oS

may De present dn one or nore of coORtal ner agi ng, a labe
insert or the |Ilike associated with the subject test strips. CLAI M
Though the invention has been described in reference to a single
exanpl e, optionally 15 incorporating various features, the invention
is not to be limted to the set-up described. The
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invention is not limted to the uses noted or by way of the exenplary
description provided herein. It is to be understood that the“ﬁ;ﬁﬁdﬁbﬁ
of the present invention is to be limted only by the literal

equi tabl e scope of the following clainms. That being said, we claim 15
1 9J UL 2006 That being said, we claim 1. A nethod of producing a

r eagamibenadafl] welddsil: at € conprising: coating a substrate with reagent
in solution, and exposing said solution to radiant energy provided by

at | east one radiant energy heater, wherein airflow sufficient only

to bre i rrier ' ' .directed at said solution
whi Il?'e gg%ghggﬁqgr@f@g%ﬁ?%ﬁi p%ﬁ%?%&&@&@%ﬁ%d of producing a
reagent aoatifga subsghtcatith @agepk isdoh@ion, &Rt i ng a substrate with reagent
in solution, .and exposing said solution to radi ant energy provided by
at | east eéﬁ@ﬂ%ﬁﬂlmlun@h%rr Jiaplegersy, profidekbnatdeast osersianht e i s
progh&gﬂ i@ roll, and the nethod further conprises feeding said
rol " p 111 sai d radi ant energy source. 3. A nethod of producing a
reagent oolareid aifibstsuficierd onAPrib Hidal a vaposbdrfier of thabsiiti@ie W th reagent
in sol ut(i on,  and exposing said solutjon to radiant energy provided by
at PBEsed Yrraidrsebtionwhilerapasedrie a2 radifi 8PEER sai d substrate is
provided in a roll, and the nmethod further conprises feeding said
roll past said radiant energy source, wherein said feeding of said
subgt r & metindpdpiaiuoing aatagent edatedambyteencabprding and 50 feet per

m nute. 4. The nethod of claim1, 2 or 3, wherein said reagent is
provi ded FORURE 2jsebufatewHh reagentin solytionrgad et hod of claim 1, 2 or 3,

wherein sgj RSty Bh&iol HEES o ' £ The met hod of
claimb5, ersglgn 1sai dﬁrogz(lggnt eﬁerrgiﬁéogﬁ%ﬁpﬁgf}e% 2"%@?%‘9“% ivered at
an emdrgnbeédtar, of at least 3.5 Win2. 16

wherein said substrate is provided in a roll, and the method further comprises

feeding said roll past said radiant energy source.

3. A method of producing a reagent coated substrate comprising:
coating a substrate with reagent in solution, and
exposing said solution to radiant energy provided by at least one radiant
energy heater,
| wherein said substrate is provided in a roll, and the method further comprises
feeding said roll past said radiant energy source, wherein said feeding of said

substrate is performed at a rate between about 5 and 50 feet per minute.

4, The method of claim 1, 2 or 3, wherein said reagent is provided in at least one

stripe.
5. The method of claim 1, 2 or 3, wherein said substrate includes a reflective surface.

6. The method of claim 5, wherein said radiant energy is infrared energy delivered at

an intensity of at least 3.5 W/in®.
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