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;e3de!l T&! ""#3$. $3Y6&TT& g* OPTI CAL . COVPONENT BASED TEMPERATURE MEASUREMENT | N
ANALYTE DETECTI ON DEVI CES 1111111 umnu a |0 15 20 25 30 Field of the
| nventi on *159159* The field of this invention is fluid analyte
concentration determ nation, particularly optical based protocols, e.g.,
refl ectance or transE’ ssi on Fasur ment basig anal yt e concentrgti on

9 T

det er mi nat i on. OBHERL F-OMRANEY D TEYRERA THREMEASUREMENT IN ANALYTE DETEGTION,

physi ol ogi cal fluids, e.g., blood or blpgacgerived product s r
i ncreasing inportance to today's society. Analyte detecti on”wwmwm, ﬂmMLgse
in a variety of applications, including clinical |aboratory testing,
testing, efc.picWoeie iJeftdesul ts of such testing play a prom nef®®¥ol e in
di agnosi s and nanagenent in a variety of disease conditions, Analytes of

i nterest include dite&plgiof thiviprsatigninfiyid anglviecoaeentrfiqudgisrmingtiangpartigulasiyr o |
bet a- hydr 0Xyb6Hti¥£l 3h&d phtdBEL AL Creflb @M BiranSRiskibn ABAsHrenR)l MYéannﬁ‘}ied’
steroids, etc. In response to this grow ng inportance of analyteé

measur enent , Pn¢aRirpEAMdetsrmiaptianyt e neasur ement devi ces for enggdd Want s
to test their own blood for the presence and concentration mummmmmm: of
a variety of different analytes are well known in the art. O great

i nterest ahd Backgownd ofithe Inventiomr e opti cal based nmeasurenent deviC&% in
which a sanple is 4J ] - f 4 ght L ed to
obtai n an anal yt e‘alcn(‘%i (k:g;lln ?%?ﬁ%ﬁwgﬁlogog%hﬂﬁ%{lﬁ gg Fltg&gﬁrg(j\/l\%o(almﬁh?fd%%%g{s’. No.
4,552, 458, t ds bbeweeincreksingimgerdnse i todays sodietyadnalyefderectionmetaps finduseimbl e t he

exposur e of r. 19 djf t gl . d_on en. The
| i ght beans araggtg%?%(lj&%lfq% “Ecgd?@c"th}‘fﬁg‘nébﬁ?iq‘grgz":s“%?18@9?68 [ eétg'f gh%ﬁggbeams
t hrough a tr amsfitapEsuth ghtagpll agiremmatgola i diagpesis ast mamgerhénghta vasietyef | ect ed

back from1 he,.stri m

.ong,a.simJlar folded nt etector .l ocated in
the same B arteate BpdtfRoafb T i RES BB, I fadude BBl RER,
opti cal arr angaiyglytsolf bata-hydroxybutgtaten h-laotde, detime tmalg atidepyrindbicid, efetaddst ed
from reagent §tri ps are U.S. Pat. No. 4,632,559, to Mles, for an optical
read head for®%reasuri ng non-specular, i.e., non-mnor-like, reflections
from a reagerin réspsise &t thisgrowingSimpdethnce b analyte/ Bdasd@hent O v4RiyCofanalfler a

gl ucose nedical nmonitoring.systemand U S. Pat. . 4,985, 205 for a test
Qartior anal yorsEDel ncoRing Ui pienp o s dbirovhlleat (BEe FoRareighce
measur emept  Ushétgtrition deRABintoniof alvatdtesmtiff&en Yinalgiedge WoR kf@WiEinltief £ ©fice

| ayer so as to avoid a two tier testi ngﬂﬁés% ess. The reference neasufrenent

uses two LED &edt gyerest and ‘{fﬁf%hlsiaﬁ"@ U GiearamEnheRvicghin Yy 2 sapgln is
di fferent di riighinaes andireReckddMehit tBéefrith & dteaizt Yo ditdih bR iSEBEQHE ML Y SO

that the neasurenmgnts n then be a e at .. No. 5,039, 225

descri bes a devic “FB‘?C?‘ ggﬁViSWWﬂﬁé'ggt'gg’ngﬁg 4% forf-oyne; wgh c?et‘“ér’f‘é‘?}i‘i&‘ssi ve

pl ate i nsert admpadt WRBoBRr foicfliiBle e ¥k goRurd Bfla teagensidr diffcent igh@aig ageife@d. The
5 1light is directed at_an angle rel %@gve to _a surface of the plate so that

a portion?is PEreerYy Thekight pepms t 8y afeé]reCtB’@tSH’i% enyyhigh fediresisdfig heams

nmeasur ement  Wiohgh slspiRént dREAIAObntb 8 répb MR BERALIR iSiRFIeGEd Bhck fromand dught f or
anal ysis. A characteristic of nmethods and devices that provide for glucose

det er ni nat i orflepgiasinitar flded pathpniag deteetos fncated i thesame Rlapg s the lightsqurgese can
have an inmpact on e phibmdliestEhinPASidh LRI04 ardszeRRh® fdrMurRitingahd §Q8mARENt S

and chem stry are tenperature sensitive. For exanple) |ight output from

| i ght enitti ribe dighberélsctedom seagent siips are Abhdat. N9- ﬁg&, i totMigsefor i ersicehanges.
Various ajd erfpédshet)@re?niess%ﬂngﬁa@spkan&gret,%B-Ai%r-m&', RALGIIREfGh Uraglfih&FL 11
refl ectance neasurenent instrunments. For exanple, in U S Patent No.

5, 995, 236 andtipUod Palipot, 787a198 1 te1Gard oy aglucosermedisabaonitiirian syptens anddU 8.
change in te h I ] I i septtting

di ode to theiﬂe21 'é\?)t'ew’ggsdw 8@%&0%{)%@%%1? Y %ﬁgﬁ? ia{t&@ﬁﬁ{}%&énh%%@ ee al so
U.S. Patent NefereBeegm@iseementiusing thg seerpptisel elgmantsdxyhusing therspine yedetertce layer so
conpensate fq . J I Al V] | o i ode.
Despite the a (t)(%/%%%a?g@%gg{?%ngg ﬁ%ﬁ%’ ’El?eox{efg}écg?{m{e%gc e%\%esﬁ?g%%&gfoped,
there is a continued need for further innevation in the field of optical,
e.g., reflectance, neasurenent 20 devices for analyte concentration
determ nation. O particular interest would be the devel opnent of a device
that is able to accurately provide a tenperature corrected anal yte
concentration value wi thout the use of additional tenperature sensing
conponents, e.g., thermstors, additional diodes or detectors above those
required for reflectance neasurenent, etc. O particular interest would be
t he devel opnment of a device and nethod in which the 25 power supplied to
the illum nation neans is not nodul ated to conpensate for tenperature
sensitivity. Relevant Literature U. S. Patents of interest include:
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30 4,787,398; 4,985, 205; 5,039, 22S;. 5,049, 487; 5,069, 394; 5,477, 8S3;

5,843, 692; S, 995,236; 5,968,760. Also of interest is WD 99/23479. SUMVARY
OF THE | NVENTI ON Opti cal based net hods and devi ces are provided for

det er m ni ng t lemémtaethe sakd db[br@)cfmﬁﬁlolﬂ‘;dr%m dlﬂﬁermtfdlredtndnsahpLED slare
practicing the %uaglect nmet hods, | ui nga Ie |r§ Hﬁ? dtoa5 mtrix

i npr egnat ed WPFH" ysqcaYPé‘TdSB?CSBSEJV(? yrlsg?t% &nfie G en&’%‘ﬁ?ﬁ fig system
produces a detect ah)ls@aormﬁsow 275 cREcridBPDAddvich fRRRYaburig@dptidaddénsiey *RE Afhtof

analyte in the sanmple. A surface of the matrix then jl 1 um nated_and an
optical, e.g. TATs@iss¥e plaigdnsert %WEH’&R‘@ ﬁsé’u’i%f‘%‘l 'ﬁ% "Faﬁ%{"'é?g 'Bﬁ‘}su“ﬁgﬁ@rcal ly

foll owing @ prigdatdetdfinangsREkIVOD QFhRGS AP thala poRIvANRNEoted back
preferably the illum pation or |ight detection means, is also enployed to

obtain a o t elPfcleloeior for obipining adsiprEnss IR Hemers Whileangthsr defectordhprianiadie e of

the matrix. ThgARaudIGERP&RMNsation of the sanple is then obtained from
t he optical measurenment” using ‘an algorithmthat enploys the optical

conponent deri ved 4 ehfpstesistifrd mediodeandrquicen fhyt peavidedenideposedaierainpliensing e

suited for us?mbﬁunteb?efﬁgttaﬁ&tv'aﬂg1SQF1at?en\iﬁfa'tl§$ YanHavhd fph&ioh tﬂe)/tﬂﬁ§ of fluid
anal ytes, and are particularly suited for use in detecting the

concent r aflf onmegsuggmgetpaseboitrtha eptighlsiompericats @nd BRI YRDRSCRP UGN CEY vEHFOr

FI GURES FI G el f strip
containing the ah@acltl#ggﬁglgq{odg}éﬁgg}lbﬁ% |d>1<&fta§m\(c;’g:B 9(%1 lﬁégb?lﬁgltﬁarﬁe?‘ﬁg anal yzed
is applied. Fe®peratuieschangss.dkioen atigmptmhaveiheernmpde toformast fop fhay tamperaturesaffeetan be
enpl oyed in t i K PJ '

EMBODI MENTS 2@% tclég%a i 5@% %[ L’U‘ﬁ%ﬂ%ﬁg&é‘e@%ﬁ d;érreﬂgPﬁ? %ﬁgggﬁ'@

det ermi ni ng t¥2¥Ghcenta kiopoare omphyc@viatlymasum aashidwmdtemmpluea anddmodulate
P%?;bﬁ;? g%t c\ﬁ%% Elyrpéngto themfg%pgrgl?jt ncaie go fg{:r%ﬁ)g‘epﬁ:ﬁwdg fo?g}g?ns%gt %uu%ue% rf]rg)ﬁ%s@cs te
produces a dedieds Séd aésopﬂ Bd?mnnt Nu 58843;6%where|arsmptarhppnmh 1stetm1ﬂd)edmount of
anal yt € in th 0 Serr;rsp % rt@ c ra{ur S ns1t1v1t O?ﬁﬁC 1 Xt I‘Ens tlaen i UITi nat ed and
an optical, énp PSf P ANEE M RERSUTErE & epnflél ﬁtgﬁ’ Yherefrom general ly
followng a pr edetDespitenbelabonc ass@yt deoitespad ipotocolnhap pavedadn mmppmierhb;e isa

f bly the i.ll ht .det ect.i , dt
Cbtain o | emperivta-0apL e mshat 6 el o ReBhe 2o Mt BRaPEPRPELS! (e
matri x. The adeaicyi for mmmmb@tmm dafenhinetma@pbzeuélsarhﬂnaast@hmm beabe from t he

optical neasu nt us thm at e S the optic nponent
Gorfved 1 empedippmen 3 £dvieR o B fun teetialeiotia e e b et Linbdar f o1
use in the dedoacdnirationofalud withbitalie/use bf slidftioril@dthperatire Sending tonipshearwal. gt es, and
are particul a %%quw tagg for ae ig detecti n&the cog&ent@eatl on of Iucose
in whol e bl oo PoraQdififRal diQRTSOE COPRHYUE ARGVE FROPS oAU P F AT ¢ MEFY F’Fm‘r s to
be under st 00deté. [Tatpaitioelar ifte et walld besthé\@dvelopiiitit@€a Hevideld ptHod GitvRich the

enbodi ments of the ipventi Q descri bed bel ow,, as variations_of the

particul af’ enBftff FHé’HQ 1huminaling meps ‘éf‘P‘i‘P"dl“;fqd QFRRSRSAHEr EOWEEMS ¢ he
appended cl ai g¥hsitivity. | S aI so to be understood that the term nol ogy enpl oyed
is for the purpose to of describing particular enbodi nents, and is not
intended to be limting. Instead, the scope of the present invention wll

be est abl i shegeiant e rappended cI ains. In this speci fi cati on and the
appended cl ai ns, S|ngylar references include the unl ess_t he cont ext

clearly dictates &$ ra!}ﬁﬂgsé’f‘f’ﬁ?rﬁ?ség‘ﬁl“ﬂ"ef}?@eﬁlatdr\%?r%ﬁ%gé 54581 63ni¥al and 15

scientifiggt 9417@3739%94193‘5910@ 51059992'5 5@@@@@05@3@@' 5‘@‘7%3‘39@&‘33@2}’5 yelesest ood
to one of ordinar l efd|nt he art to whic his invent'i on bel ongs.
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OVERVI EW 20 A% nigrsshie WQ RY2341B; ect | nvention is directed to
optical based systens for use in detecting the concentration of an anal yte
of interest in a fluid sanple, e.g., a body fluid sanple such as whole

bl ood or a fraction thereof. In the subject nethods, a fluid sanple is
applied to a matrix that includes a signal producing system The subject
nmet hods then enploy an illum nation and |ight detection nmeans to obtain an
optical neasurenent from 25 which the anakyte concentration is derived. A
vari ety of optical neasurenents nay be nade and enpl oyed for anal yte
determ nation, where such neasurenents include refl ectance neasurenents,
transm ssi on neasurenents, and the like. A feature of the invention is that
an algorithmthat enploys a tenperature val ue obtained using an opti cal
conponent of the device, e.g., the illum nation and/or detection/nonitoring
nmeans) is used to derive the anal yte



30 concentration fromthe refl ectance neasurenent. In further describing
the subject invention, the test strips and devices enployed in the subject
nmet hods are described first in greater detail, followed by a nore detailed
description of the subject net SEMMARYGRTHEINVENRERGENT TEST STRI P The
first conponent of the present invention to be considered is a reagent

el enment or reagent test strip, which includes a substrate that is

conveni ently in tOptisdldpedafethddpad, deﬂvéiarmoﬂﬂed&br deteeminifpOhOtthceiatibniofand

t he conponent or co e) rea S si_gnal oduci.n
Syst em | whi cHEFEE F Bk smue fiskackiEag e sipit ethafs A eableds ipbttice o
| i ght absori ngatrig apregHateR W WGtgnal Pa6duSing @y@skenpma@lugmangroa@dm%)@@t@ﬁx réduges a

i npregnated into the pores of the porous matrix. The signal -producing

syst em does rR?EeC@Plﬁrﬁ’Fcfdl“E‘dﬁ?‘I' S’,‘“‘i’%@&%""ﬁ%l for iR prpgunt ?fci‘ﬂ?léitet"h%é@wlﬂfe rrat rix.
lo In order tQrfacesdf e thdirid Rt MurkifibEAIdAN GPtical, b.gl, FefRE@AR! meMuleh@tt it he
matri x have at |east one side which is substantially smooth and fl at.
Typi cal Iy, t Hdtavedtherefrom, menerally folipwingsa prdetermined incypatinn periqdeAB Ptk snoot h,
flat side. Th@nFBidnt, &référalﬁy méqh'immdoh ®r 1@9& QbtEctiSR rfehs, isqlswefngb &%%ﬂtnsa are
covalently or noncoval ently bound. The matrix allows for th ]y | ow of an
aqueous nEYi UAMPIHRBIEGRIUE ﬁ@"fqﬁrmf\dlfbg to the ambisat tempasgiurefof the paatre. WQG aralyig ot ei n
COMpOSIti 0NS dofedniftioh e s gﬂewthém&a@u%himgggfcbwm@agyr&ﬁéﬁh&ngm ecting the
bi ol ogi cal activity o otelrn .g., enz tic activity of an enzynme.
To t he ext entalgomisghm thaenentleys t@r@tlm CMBpmma!eemdltVnmwa valupdhegwlyéck has
active sites e
ot The compiaedalPEites BE Rl the IARICHA 49 e BRI nE il
t hi ckness t o apelyies tand hee phabicwiarly switedfor gselin gétectiap thercbigentratipe of glucdseinvoi d
vol une orlynf%]ﬁbqeeﬁ yface to substantially affect the 2o reflectance from
the matriX r|x is of a uniformconposition or a coating on a
substrate providing the necessary structure and physical properties. The
matrix is usually not defor e retains its
original conformation and size upuﬁ:,ngévxl%e. T I%_@?ﬂ"ﬁ@ﬁ&h gx has a defined
absorbance, so that the vol une whi ch is absorbed can be cal i brat ed within
reasonable limts cg riations.usual d glgng ‘p ned v¥ about 50%
preferably not groar ’S?R%{FPC%%“%% orxr‘ﬁﬂn CREY 5 firY Sri'pe‘f?f' 198 ¢ FARPh to
al | ow f or2or oyiad nemaeir té |bichithe ﬂuﬂt@xng&hﬂlyxed;hﬂpphécs non-coval ently bound
reagents to be re ivel ni.form y di buted on_ t he urf ce o
T, as exenpl 5 20k Bt et heinadé 8 8 S8yl S apatEdIey i ¢ h
sanpl es i nvolprictige othid iavdakiomd. The pol yam des are conveni ently condensati on
pol ymers of nononers of from30 4 to 8 carbon atons, where the nononers are
| act ans or conbi nations of diam nes and di carboxylic acids. O her
pol yneri c conpositions hPESCRIRTIONDRDHE SPECIMC EMBODBENTSO0 find use. The
pol yam de__conpositions may be nodified to introduce other functional groups
whi ch pro%fi de for charged structures, so that the surfaces of the matrix
nmay be neutral, poptitdl b@e®meth6@aint devices areiebvlidedFortRitihidlng thednCen@tichCdfdi C.

Preferred surfaces are_positive
an anzﬁyte ?n a ﬂl? 8 sample. lJn practicing the subject methods, a fluid sample is applied to a

”,

matrix impregnated with a signal producing system. The signal producing system produces a
detectable product in an amount proportional to the amount of analyte in the sample. A

30  surface of the matrix is then illuminated and an optical, e.g., reflectance, measurement is
obtained therefrom, generally following a predetermined incubation period. An optical
component, preferably the illumination or light detection means, is also employed to obtain a
temperature value corresponding to the ambient temperature of the matrix. The analyte

concentration of the sample is then obtained from the optical measurement using an

3



charged. It has been determ ned that this positive charge enhances both
'stability and shelflife. Wen used with whole bl ood, the porous matrix
preferably has pores with an average dianeter in the range of from about
0.1 to 2.0 ~,digoritian ﬁxaperrﬂﬂeysahl optitdl @mpdremkt deflvéal tbmpe’kat(irepl,ahib The\higectt he
porous matrix c ores havi.ng an a anet er .qf..abou

the sanple of™ ﬁﬁ%% hgE swiegd E‘HE%%éetcg %gpan\'aﬁleté'falf ggf[erentrwg?s qul Ejt he
bl ood sanpl e aﬁ@@&s,maa aﬁqbaklc@luﬂy &dived &dggeanra&e&th@ titd dofieEnBrationadf giusoseat her,

the bl ood remai ns seated within all the pores of the matrix and provides
for a uniforVUSRI9M1ity of the entire matrix. In addition, this pore size
maxi m zes ¢ he non-blotting effect of the blood. That is, the pore size is
both 1o adequately filled, but not overfilled, so. that the hematacrit |evel
of blood will not %@m@eﬁwcwmt’@nweﬁ%@a‘? fugthen, 85 tp bg updersigoditpt frgadi ng of
the sanple. Ab&ftion & nbAfmiRERH he Piculh@iboBHRE of thelifVefticH deSerfbbE AR | 438!
when shelf-life and stability are taken into consideration. , A preferred
manner of pr e\tﬁaﬁti%g of the pgbewa smbadigenta may he madeand stil falkyidin feiseape opbey mer
onto a core r I

mat eri al tha?dfp RS pr o t}j%gétsta% téges@ralgrég)ga ﬁ?{ llgg?ehﬁ:fg%gdb@? lfracgélndgl% E&] ﬂ%@ Ose

pol yest er ¥ ared dpsstihingparticularpmbodimggierand isnet inginded tb de fmitng. I'\S@m Ilwtﬁg@em ng
reaction pro , Lier s present within the
por es of theddfrrgl%erqr‘g(g@%tqﬁbe lgoengh?llg%%ﬁt?% t&lﬁthéngbtp fgﬁ?ag%ﬂﬁﬁat the liquid
portion of the assay nedium e.g. blood, being analyzed can flow through
the pores of the i r el d at
the surface. 20 The s S???%Pé’%"@%@% %‘fﬁ% ?flﬁl é?lﬁ%lczﬁlr%/@ée@é%g%/%gl? © |tht% pﬂ]r‘J’\;les a
di ffuse refl emieasnthecmtetxluoluarl)td)eatas«shmvlsa Iﬂmléds elcfunedeotﬂoa)dkd, Al techiniedl endabl y at

| east 259, mop g, (6 SEARM AN, hA8 e 38 inefind Aok Rkekio8dlo AL i ed to
the matriX i s retiects 't as tance rix of

| ess t han abaudin&y Skithin mbmlmelssh this ingenadr helangpl oyed, with fromabout 0.01
mmto about 0.3 mm being preferred. A thickness of fromabout 0.1 nmto
about 0.2 mMmis nost 25 preferred, particularly for a nylon matrix.
Typically, thevematemi x is attached to a holder in order to give it physical
formand rigidity, although this may not be necessary. FIG 1 shows one
enbodi nent of the invention in which there is a reagent test strip 10

havi ng a #din hydmphthinhlezeﬁabwexthaawjei:&npmlbﬁ istiledeGB.to dpfi&l Babdd @jstemsmnasti c
hol der or handl e Hg ns of anfadheﬁlve 13 wh rec ¥ ﬁ go firmy
attaches the ¥& F’I"F“?v%af opeeniratiopofian apglye f&mteﬁshﬁla “i cp €38 n the
plastic hol detruldls’émpw suttasavidde BleodMiiaGhct@anaeds. Inakk shbjet:mahddacdmdd Snpldat

sanpl e can be a ed to . one side of t r eagent h | ect ed
o Ehe ot has ABREL S henttuf B 015G Sst SotRaaE M5B de Fabispt B hadsdher s

bei ng t est ed,eniphy dnemgRinstionABd Bght ABkdtioN nahs tolaetamrhntdpecamfrﬂ@srur&fenaﬂa@ﬂt 10
m2 to 100m® in surface area, ,esp eC| al IR/ 10 mgQ 50 m®? area (ﬂ}f

havi ng a i aﬁ’é}“é‘r‘h%?“ab}%‘i?tnci““ﬁ?ﬁ"tlé derlysert Y8R, °P§)\$Fﬁ1 BRasuEemeais Ay g madg o) yre
that 5-10 M Gha@kmpRys fof anaBfadeteritination)Where shidimdaadrbhaitCinclcle £ALUERe ONCe
saturation is reached at above the threshold of about 5-10 microliters, no

ot her requi r SRESFHICTRENt, FFARSHIISSHON FRRBSYremenis, anddhe jke. Adeaturg of the inventionis thatang, 1,
the support h@logthn @aGRkH 0yR adierdiBt Valve éltﬂealﬁé'll Jsh:?tan@p&%ﬂwnﬁ)oﬁé’:ﬂ ob@eappl i ed
to one side of the reagent pad 11 while lig reflectance is neasured from
the side of tqeéw%@@gélmﬂlwamatm aaﬂlﬁbethowﬁ@nqtmweéw frHspdtogiariys the prglyte
appl i ed. £ Gcop?ceﬁmmﬁﬁ%nﬁmﬂe%e&tad&emh&ﬁ’miéﬂ? reagent is applied to the side
with the hole 14 in the backing handle 12 while light is reflected and
measur ed on t he olth@rtheyidgssribing thecssubjec davisatirathe et stapsrad detiees employed inamn t he
one depi cted - d
For s, " subj eciOre LRI HENEE b IR ER gl AR Ibed 4 A ALIcBy SR HIEHR
accessi bl e oref i shkjees methods hemseivee. and usual ly two surfaces. The
hydrophilic | ayer (reagent elenent) nay be attached to the support by any
conveni ent means, e.g., a holder, clanp or adhesives; howevery in the
preferred nmethod it is bonded to the backikng. The bonding can be done with
any non-reactive adhesive, by a 15 thermal nethod in which the backing
surface is nelted enough to entrap sone of the material used for the
hydrophilic layer, or by mcrowave or ultrasonic bondi ng net hods which

| i kew se fuse the hydrophilic sanple pads to the backing. It is inportant
that the bonding be such as to not itself interfere substantially with the
di ffuse refl ectance neasurenents or the reaction being neasured, although
this is unlikely to occur as no 20 adhesive need be present at the | ocation
where the reading is taken. For exanple, an



adhesive 13 can be applied to the backing strip 12 followed first by
‘punching hole 14 into the conbined strip and adhesi ve and then appl yi ng
reagent pad 11 to the adhesive in the vicinity of hole 14 so that the

peri pheral poRtAcenTTESTSIT®RIPF €agent pad attaches to the backing strip. 25 As
menti oned above, inpregnated in the reagent pad or matrix is a signal
produci ng system made up of a plurality of reagent conponents that produce
a detectabl e produrie firdl cbi Iﬁmeﬁmqﬁ:eseﬁt mdaﬁucanalbyt:@sméreume;@@g&melaﬁmm gnal
produci ng systemis té}lca n analyte oxi dati on Sl?nﬁ produci ng system
By anal yte oxieasfnf (6% s PgWB’IChﬁ}C Ecd WESIHAIDAAS GoaveRenty 1t e $hape obpady madeng

the detect abl g & a8 gor R MHCd iR 0RPBRNE & coRPERALsI(BL. l@&chﬂ(&)}&%s%ﬁ@' eis

30 derived, the analyte is oxidized by a suitable enzyne produce an
oxi di zed f or nPIOfuCingsYsiem Yhigh sysgms E%BP‘?‘@Q%W&Q"‘B@“&?%BHR’%&SFaétﬁ‘?funt of

hydrogen per oysg®in thEh%namame ITheagﬁm bfRudiSg SdRPIn&PAO MBS egrlalkd b Ehe pb&s

generate the detectabl e product fromone or nore indicator conpound
dye coupl es, %iibe EOT?%énaa%JﬁF Slsralw&dé@ﬂawsarrmosamftslgp%wkye@p% thqqféovs P@nal
produci ng sysfigm mh,?hhwqgﬁh§lgnal is then related to the anmount of
analyte in the I ni sanple. As such, the analyte oxidation signal
produci ng1&yst ens Inppslectqlapsjst iy wading reflectanie iy peéesied that the snagrixhave ptdeast so
correctly chagg E&Mlﬁ&qs Sibs thaﬁlggﬁgotggﬁ@ﬂétd@&%ﬁ efrh%ﬂia‘ks B Yo A%y St ens

or peroxide pro u0|ng st gnal produci ng syst ndi cat ed above, the
hydr ogen per ostieetevithces bdstohgsradotin flatitidsi. e mytsix érvshyidrphilid @owns mntzyrtewtlt@ht

oxi di zes the ANANKLE AIRNALUGES, AfRGPIRIRARATRNDR: AL YT agen

per oxi de, wher nount ~of
hydr ogen per oaqudwsuﬂedtum ti;rqugbdum@d‘m # afso @flowy foobiadling of pmeummmpmxtlanfs tathal yt e

present | s t hl%atnﬁrmthgut 8 gﬁ%ﬁ%ﬂ@ dvér eéy %f{‘ ki & tﬂ«t: blomé cfaLz{cEi%lEys(%gléeyn%?tgP\? §Ezrs]ar 'y

depends on the hature of ass
oxi dase. As smymattchxeuetyzqf e emg{yncbﬁo thg Iextemslmt pnotaﬂasam to\vh eoalentiy bamdl thte is
10 gl ucose);

ol .oxjdase er.e the ana e | ol est

o conol o) oA TR s e Bt DR DR PN e R BR ) Denase
(where the anampostiosoffths muatrid edvgflective gldis afwaffeiank thitkaess (opeemie thelfernsatiah yt e
is L-glutamc cer ol de wher e, t he,.ana i.S,glycero
bal actose. oxi AadtEnindbledhnRar g bt fEirint BEuF Bttt the dnse
(wher e t heo an@flydtehcé fom tlgd vgeik €The priadrixeis 0f a emgnm cﬁmp@s’itﬁﬁl&lﬂh B6ating @n a
3- hydroxybuty te 15 d g{ enase §¥heredt te is a ketone body),
L- ascorbate o 85?%%? ?‘%ﬁ‘@g CREESHATIEEre A R %sb“ta %‘fsd) | act at e oxi dase
I(wher e ; he alnal yt ﬂ“hbgnakraﬂ's \l;ﬁaﬂﬁhd)ﬁcfohﬁ&&dd’h@et@ng aiebiBerc ok Rirs ke ofigiadlyte i s

euci ne mal at e oxi das ere the an te.is ate
oxi dase. ( wher EnaRBRRARg e PEongyree Thetoitts bach fne bbbtk AR, e

anal yte is ur'&cﬂurﬁélwmc@isladﬁﬁ&)i cambe dallibrated kngthinGefzeniablodinits vatitiomaso®y for use
with these and. ot her a es of nteresﬁhare 20 nomG tth%hose of skill in

the art amd gaﬂl@éta‘% ¥ 85RuET V% R feablnagt pelsy RAEX B350 i ncl ude

an enzyme t hadufmﬁénawm‘éngtm ARWVET B ritinufcle TR HABEK PEdnils MbRLcdvalently
det ect abl e product in the presence of hydrogen peroxide, where the anount

of detect abIe%P%H@&ft““ttﬂgfrqlaéwﬁlﬁ’é‘aﬁ%ﬂy 9‘“?14F‘%°‘%'é‘5é‘ﬂ‘f36ﬁ°f'§e pasior ti onal to

the amount of hydrQgGREmPaFyQF nfAgixtdifhces frePoBaRIYes, g&'ﬁblﬁaﬁﬁﬁlﬂ‘@hﬂﬂi&}{ﬁ%l\hﬁg
general |y a peroxidase, where 25 suitabl e peroxidases include: horseradish

per oxi dase ( Hemle blegd, The pelyapidesere ?@amﬂﬁaﬂqqeysaﬁ%m}was pemenqaueessY ey
synt het i ¢ @nad RUScahtdY lafthsPRAQ he Aldn¥Rerd el 1¥ctdnYs REmbin&idnk KEdiare@Es and di-

carboxylic acids. Other polymeric compositions having comparable properties may also find
use. The polyamide compositions may be modified to introduce other functional groups
which provide for charged structures, so that the surfaces of the matrix may be neutral,

positive or negative, as well as neutral, basic or acidic. Preferred surfaces are positively
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e.g., G et al. (1990) Analytica Chimca Acta, 233:299-302. The dye
‘substrates are oxidi zed by hydrogen peroxide in the presence of the

per oxi dase to produce a product that absorbs light in a predeterm ned

wavel engt h r aghgfped.ilt as bechQieffminBdlihathie hodiyw. chiige bitandek pothRebilikdiraahas- dye
absor bs stron‘ggy at a wavelength different fromthat at which the sanple or
the testing rd&gent absorbs strongly. The oxidized form of the indicator
may be the col or edyhdnaiséif With WRIOBIBEM, tH pofsdls eratr&saeffefamajlhappaew&h ih#Verage

evi dences a change in color of the testing side of the nmenbrane. That is to
say, the t est¢1ﬁget¢rea§errtngeaﬁfrplﬁ@b@a9é te A8 o, emnrefe&bIYafnoreﬁeﬂuwé t¢ hOgm.
sanpl e by C | orl ess
area devel %pr ﬁi‘g&%ﬁ%&fo&@&ﬁk P&th d’fg Z’gvslg%slt T3 Eg{a& ek ¥§erégtt0b?/%%l tﬁge ANS
and MBTH or anaiplegifiékod Hmsmotqau%ﬁﬂakdﬁt#@rapmmfe&whaamdthb ol sdagple &ee net. g.
in US. Patent Nos., 5,.,922,.530; 9 31: 5 453 360. a

4962 040, ¢ eIl LiecdE oF e irelira Kathe? WPl agionBs sepEd SRS ence.
OPTI CAL READI pdees[of YHe Ghatrixnaridipeovsdeb fe Gtunifetiieadabiliyofahd entiad mateladfmragdldenri ce is
enpl oyed to tomatical |y take an C ene a.tr m ssi on
ronsut enent . PisPPB ot asiie 5 AR eclect S W R it 1B g PR reme. | o
enpl oyed 1® daiet;ua&lﬁ fileedabia hytt ekidivd, 80 thatthe BEmatocrit el Bod will Rotvamsg the
enbodi nent s, i tabl e jnstrunent uch i ffuse refl ectance
Spect r ophot oreElE {HIE B PR =adPE dPesimite. A GpRtPert eudl SHbRaTEal | y
read refl ect adfeis gike a‘reb%tﬂhzm when $HeH-lifdardi stilitE &k edkbRinfo eonkidératicl refl ect ance

change, and, using calibration factaors, output the |level of analyte in the
aqueous fluid. As cRpleEpdhBannerolfrensring thy gprons mpjerial s togast therhyfwphific ¢ he

devi ces of 15diiferonBiaRete dfﬂyre%réarﬂb\ee THeadord fRYs daR Bk bielESitonBANS Al Bt
determ ning a tenperature val ue representative of the anbient terrper ature

of the matYi xPredrcesthhdeseribed iiisesity andstprete sichgs peiyestaredndpolyamidgs. The
iI'1um nation @fschd fiitwill @rRiGhd Rhe-ABBfbIng BRd ol PRAudISIIGh laiséuste'amerlatduraﬁ

value in the optical, e.g., reiflectance, neasurenent anal yte determ nation
algorithm Aip ersreé\seﬁtlathe\r@rqsef fhe sragirct Aees@prRjokdls wairik sathahi liged enpl oyed
in the subj eGlorffh dfmé%ktay%di'uﬁm éghﬁ&@t bé&iRg An\ély%lpé@tﬂ floW tEﬂoQgh Be pbls britke 2. @
device of the invention is depic where thé device includes a backing 12
to whi ch reade#fix yeule particiss, alﬂmaﬁétythf@cygﬁd\mhelql_ﬁtgms%@m ce 5, for exanple a
high integsity |igil Gl édﬁ&axﬂlaﬂ ?eﬂ@&ﬁ?)so tHat f?gﬁv‘éé §d1?fu£€er@§éc9incé tvﬁﬁt}ut Px@t 0

the reagent pad. A substantial portion Yo preferab east
35% and nor eusppld wfledsivg bagking ersferablyw; leps 26%emat93e¢feleblafat ke‘v‘aé@%dﬁ tlpﬁr oduct)
of this |ight, f,

detected by | 1|nél engg%lftldééh\ég ythgﬁlgrrﬁéigﬂ%ﬁéh Jnﬁgﬁ%t%elg%s ? g@tg%}rah%‘ﬂ%geg]o duces an
out put cur r eraf lgss theo rhoub®himm thickhess fsi ugmllyrempt@eew@sfrom_a@nt 0.8bmte aBowind/ or
detector 6 ¢ ot wavel engt h
of 11 gnt, i St BARGAE ARDECR A o SSREN At & BoRYAMA Apury TR S

for exarrptlfe paefeireds particuldrlydhr cuylerematgxt he phot odetector current to a

vol tage.. 30 Anal t and
converts it to, faypelyiitlx f QKRS Eh nde! i SERL ST AL AR M) 205
command of m rtgldltyr ddmsguhnsmrihy nivt bprmpa’smysﬁﬁrl sltows ane dmqulmhngoft thé inverttiogr at ed
circuit. It s oW, n | 1 i

entire systemg ¥1°% el lsareaé?m t"ﬁQSt 56 lI;2’3'1’1(§falLlana 8;%?13 C'T%’tatx pc?%rltv J(r’st?teorn E!fgt; 3)
t oget her WI t rnnpemcgmfaarplzandhmiddra)r hmdimrl;l b3 Ineasd mfranragherdeze 43 siichelgpalydindg to the

refl ect an a ecifli % ) cal cuI a te
evel s 11 (rETLpEees heaPiagh R Lbl GEhingled A nfis s ibienitp lralug Bt

t enper at ur e vﬁllu eheQbdado Whidh teageng pahl 1dphttachdd soaimgp saneplé caafbetapglicdey oessideand 5)
out putting analyte concentratio spl.ay 22. Menory 21 can be a
digital int eg‘t?aliléﬁagﬂtrpé ‘E‘{l\tﬁsi‘f e@?‘%&%@qﬂ fapﬁﬁ% the microprocessor

ope(r]I at) : ng p(r]I ogr aWGeﬂ'é’tﬁlﬁlvgﬁbiobﬂthgeicmla@ygbﬂaVsa?@Fcheﬁ@destﬂhtﬂe Eeiagéﬂtlbﬁ{]or g
readabl e medi um, ch i i u abl e of, storing the algorit an
bei ng read bfn%tmé\tgﬂjp‘ilﬁ(?“rtg" ?f\g%r?geb%“gam“{% é’é§ %E?JGFPFFIFI yb%(?fnrcpéo 22
can take various hard copy and soft copy %orns. UsuaIIy it is a visual

di splay, such as a liquid crystal (LCD) or LED display, but it can also be
a tape printer, audible signal, or the like. The instrunment also can
include a start-stop o switch and can provide an audible or visible tine
output to indicate tines for applying sanples, taking readings etc., if
desired. In the present invention, the reflectance circuit itself can be
used to initiate tinting by neasuring a drop in reflectance that occurs
when the aqueous portion of the suspension . solution applied to the

reagent pad (e.g., blood) mgrates to the surface at which reflectance 15
|s berng neasured Typrcally, the neasurrng devrce |s turned on . |n a ready

. o o e, o o o, S



m croprocessor, typically by storing successive values in nenory and then
‘conparing each value with the initial unreacted value. Wen the aqueous
solution penetrates the reagent matrix) the drop in refl ectance signals the
sta(rj t of the Mﬁh&ﬁrakd’agoﬂﬂamgialﬂtaiﬁfewabfag)&itcmﬁ?nit@gmﬁf l@glgran@tﬁcmtrs] n5rnﬁlﬂ2 %can be
used to initiate tin typi ca a dr about 10% In this 25 sinmp

hay there is Galiat el EhmATUE PisHmple VLB WS QLA OO PAGe
from whi ch nemadhee BRbbe Be RirdsBHE B A6t 5-10 thiclitedd) nd bihe R g REHeANSTDIdRH

readi ngs, with no requirenent of actjvi %ﬁ%b t he us Ref | ect ance readi ng

devi ces that HBQMIHE NSERTNe s £} besgen from s@BF‘&PP“?‘H\?‘%FﬂaS@ﬁPRd@TQ“am’bV

nodi fyi ng § hegd icla@ehpBes BRPPIEIRHBIY sideT Bt r@dgetaga@wwm@ngm fdflebtance is
determ nation 30 algorithns present therein to er’rP a tenperature val ue
¢

obt ai ned f r onPeafEreg Homche sigupfiiTeraeat pad 14 oppositibe ﬁ&ndﬂmee%mtegs applied- he
devices, are furthgg ﬁ%%'a*ags%ntﬂl%ﬁﬁﬂe l%ﬁgémi%, g;%d@@ﬂ‘te side %ﬁﬁﬂ?e%le 14 in
5.059, 394: 5 304, 468 306 5,418, 14

5.526. 120° 5 e badkinz: halsiltskbwel@aighslsm@c@md rseaatrtsd amthe 0916178@% @th reagent

S5, 789, 255; 5, 8:3,168ther sﬁmgtgasﬂéﬁme%ﬂgdémed %S efa't:b%ﬁa %t%ﬁ&ég\l aPlaghi ch are

herein incorporated by reference RATI ON
DETERM NATY ONvariquipshapssiand fogms, H@bmgb] the limitgionopreyidedhergin./Tde pad ehwilkbet o
obtain the to d containing an anal yte.
| n many enbod?cgrgsrslrtﬁg%ﬁxﬁga? %g‘%ﬁagpgaﬁtswa oyia}wts] uid sanple, by which is
meant that it is afh"clhmdirdplsbmbm (ehgeotelénendhnayi beatiadhedio thnsugporhiy anye . g., a
human, or tis i ¢l ude
whol e bl ood o‘st“ rnta%t? ﬁgzﬁt‘ss et%{ Ho&f(?e?w& %grfb]eg@l{s i ee?zn FB}edﬂt neeg%%h(? dn“L be
obt ai ned by abdndedyerthesttackiig. dihe bdnhimg cambwdmueenm anyeaorereacﬁtyb ladivesive; bpraow SI on
of the fluyjid, he .f.l i tated W t

r eagent pzllilgd otrh emnFmgthé ’(EOW}PChU[%’ © P%:%g rstlérFag fsymcgtgﬂ%’%ovgﬁ)qucn? yel "ﬁgh the liquid
sanpl e bei ng maeatial ned forcheohglrgihdie 1gfer, bhby mixtowave paultran’ontctbendm@gembdst est

strip. An exce ver. thr ol .d trix sat n,in he ar

refl ectance w' ﬁ ifh ﬁ‘éﬁwﬁ%igtj’ %g‘y(dmpg%f t% &S tséfngj’gwﬁ@ﬁt%% f1 uid
is applied tobdnhmgrbeag;hrat toetoemtfhntalferektﬂamﬂmtaﬂy@I'ithttllnsedltfmtreﬂiaemn&e Excess
fluid can be renoved ﬁ t bl Otlh\' n&a gﬁh renoval is al so
not 15 requi r‘BEPS“‘ﬁB‘F‘i‘%&E 5“"& ﬁs“teé‘t QU |‘%<‘3“‘ ¥ WA @8rpound
pr esent |mothz&ih&samﬂeedw;&ssaﬁtztthfemhort\hmemammhg@temnttor@karﬁmt frahX by neans

of capillary, Ckl ra w and/ qQr fusi Qn actions.

conponents of? Fﬁévestg%ﬁ'ég hﬁ%@ l?‘ngag'?% P b? @8?‘(?‘5 ?ﬁt RYRUNGRIpG “‘-15 4 into _
subisequent |y l?ea(ﬁﬁblﬁ@l sgip/aadadltdﬁghhncahaoerpglyn@ réfzefipadnl wtﬂdwnltasw&ﬂ ttlr‘eo:c | owi ng
application of the e to the test and t a ne ion . of a
predet er mi ned’ ‘flﬂ'é%‘itﬂ’mo‘ﬁ spithapthe 2 ?'ﬁﬁ’l PYEMA éﬁ%ﬁffagfxt%g E‘%ﬂ‘tﬂghﬁ om
about 10 to G&frigeconds (which incubation tine nmay be autorratl cally started
or manual I%/) started dependl ng on the natEre of the devjce and/or protocol
bei ng enpPbyed)) 4N HBipfiPRedaboNETieERlRd Injt © fp4eas PSP malxih b SEhAL AESORFRE Nt <

where the opt4 g@t@lln n%@-ﬁF beABlGalilySf feaféht bRRPABREthdCproMRS W H&BRIble pddtnftRc e Of
the matrix pad, typically that opposite the surface to which tll)ﬂle sanpl e was

applied, is iMP§RseRsihegnalytent HH*P“FS ITheignal PEuGRTYStemds typicaliyan opjyteThe
wavel engt h of o¥idaibik P%ﬁudu(&)@%teﬁalﬁyraﬂzﬂﬁ@ ofuﬂﬁtfﬂn@%bﬂtpr&ﬁ&n% QysBAVI nikiaht
usual ly from about 400 nor e usualb,é rom about 600 to 750
nm e.g.) 635h#iy gcmt%ﬂn&rtheéetectahﬁ Henal framvhich thegmalyts copcenprafianin thespippladse of
the el emegy agrdid, EH&%ﬁal?@flsj & xf'&t Hy agt}ltableﬂatﬁné@ p%dfuwaeoxtdl%tfomomé lected
and neasured, for exanple the detector of a reflectance

spect r ophot orésglsic amtﬁ@ommngdr progpitieeal emoynt ghydregep Reraxide| Brediydtogen he
amount of an of the
amount of andria i tEpEnga, frud U ktubRE 0GR BB Rl ELE BT oot
certain poi ntigdicatortdompourfds.erg. alyp coupdesi wirerdothe aiheunt afﬁtﬂt@tablc peoducteproduied by
concl usi on of e r L cation
ot onty 11 ™ Epd BB RReREL, U RF RURANEGCLE Bl Smbihe bRyALARREE, | G0
t he visual wavel ength range, such as infrared and ultraviolet radiation.
From t hese neasurenents of absorbance a rate of col or devel opnment can be
calibrated in terns of analyte |evel.



As such, a reflectance nmeasurenent .is obtained at the conclusion of the
‘predet erm ned i ncubation period. An algorithmis then enployed to derive
the concentration of the analyte of interest fromthe reflectance

measur enment . iﬁsiamﬂtpilegnﬂmiuglbmea)aalgtefoeiahtrﬂn&ighﬁl fréduchigBj s typivalytprasentiis t hat
the al gorithmenployed tpo determ ne anal yte concentration, i.e. .the

refl ectance n‘é‘ﬁg;ﬂ“ﬁeéﬁ@ﬁtmﬁ‘ﬁéf 5@ camFdY ﬁréi“i”&ﬁgifjiy ThRsreRide béf*éiosﬁ“f‘h]hm i s
one that e”p|@&S&uoﬁlgt@ﬁ&ﬁiéi{péf(ﬁidé@kdd@cin%ﬁ@ﬁlbl@ﬂﬁdiﬂg sysemkhe tenperature val ue
is one that is obtained from an tical conponent of the reflectance

readi ng devi ce, an%F‘H%Faéedpafi’PYq’glfﬁ’gﬁqoﬁe“aP"f‘E‘ %P@d}géal%‘PfglF‘t"‘g\%“@ﬁtlT“ﬁ‘éﬂe

conmponent of @ z{RE Ihecdxddises el AndlFreleces a Sorfkspondink lafBlnt@Mhjdrdged di ode
or a photodetector. In many enbodi nents, the tenperature val ue enployed in

the anal yte cRFRd#R: MAET 51 CORESRINGINGAMOBH inmeRst theHne Aok ef hyderecs Bererdai ned
froma tenper@ahys frodfids stﬂré/;ﬁ)nidanmH%aaHogilil diaftllyie g{esetnlf‘ﬁx tﬂésa%léf[. ﬁIZle specilic: @

]
light emtting diode. The tenperature value is obtained from:t
t enper at ur e ska4P pf this fisyienzyae neensssiedepensis on the nawrq of theaanalyterhsingiaprgyaddwt ce

using any conyepiil aRoRIARO s skl th@é%e?ﬁaytbgﬁgh‘{é&%é é}%@asgfv@fér@tﬁé Aafidis! 1 ght

emtting diode of the device at fixed Current can be determned at "a point
in time pAbxighagoseochotesigrol oxidise (whese be anglyteis cheesteyphy Alaohelagidasafwhpre thehe end

of [Lhe I ncubalyQf. i€ AR RimayB3 80 abAabaliRtcthe AL isWtiraldeh i), TEASUT ed

vol tage drop ca ble use errve a’tefiperature va representative of
t he anbi ent t@ntpmntgionidesedvherh themnalyte is Jpglitamiediddgl yesfol @sidasy (Wheghitheeni t ti ng

di odes to determ r r .ode are . 0 Sskill in
the art.  see See 1S bR % oalqtGnele it K BEsb0s KIBAEpEOaRL

Appl i cati on SevhemlthdNmalyG(ds 0 gl3cO&Eproteinee. gli Sudtasming), @f3-Hydoxyattyrete of t hese
docunent s bei | ncorporat ed her.ein 25 referen Wth respect. to.its
foaching &1 1 BEGHRIALE ek B aRerdrs pbBD S ERp Bl el TRAEE s B

t emrper at ur e oif afchebickicalidactdte otilese Geharcibe aeaypt Byletic acid), laciseityidst (whewath | on,
the optical cg nent .enpl oyed t.o deternmine optical c onent tenperature
[ surti o ent RGBT paHE felmel G B Mu By Sis ERTRARRS ok FERS Ge +he
anbi ent t enpewatiertie mblytehiepyratic aoid), Byteuidhseaivbet the gnalgeeiismiic dcil oxidasd) ahdat

t he di stance betwe t he. optical c one and the 30 tri.x generally
ranges from atB%[ﬁ]fe' @Wt“ﬁ%ﬁ?ﬁmﬁ gf?ﬁ#?’%’#ﬁfﬁ%@ﬁl“?’?%qw BA° and nore
usual |y feom labatto thoszronskill ilbthd aiandyapalsheasnipl@jkdy the same as the matrix
I's meant that the asured tenperatur fromthe actual

varies) if at all
tenperature of thd FEEPalRrIGYCIRGSYSEMS a]l%?l H‘r‘il’“&ﬁﬂﬁ?nzﬁ’f“’ thaticatdlyzen the GONVRIP8 t han
about 2 and rafragiye subadrdty inkya dibectiBlesprdduarin eHe@imdserice Of hydfogen peroxide, where the
amount of detectable product that is produced by this reaction is proportional to the amount
of hydrogen peroxide that is present. This second enzyme is generally a peroxidase, where
25  suitable peroxidases include: horseradish peroxidase (HRP), soy peroxidase, recombinantly
produced peroxidase and synthetic analogs having peroxidative activity and the like. See
e.g., Ciet al. (1990) Analytica Chimica Acta, 233:299-302.
The dye substrates are oxidized by hydrogen peroxide in the presence of the
peroxidase to produce a product that absorbs light in a predetermined wavelength range, i.e.,
30 anindicator dye. 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, faintly-colored, or colorless final product that evidences a
change in color of the testing side of the membrane. That is to say, the testing reagent can

indicate the presence of an analyte in a sample by a colored area being bleached or,
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As indicated above, the tenperature val ue enployed in the subject nethods,
i.e., the tenperature of the diodes, nay be determ ned using a tenperature
sensitive optical conponent of the device at any conveni ent point during
t he measur emeslterfitiod @ diyracolofisssiktaliievel dping @l Hxainples of Gye¥BGScEOf iailercsieast

once, and may, be ured a plurality of ti ring . the proc clgr,, wher e
when t he terrplé’F’é‘fi?rJTEEI iagSPf%ﬁ?feaaalagw W?ﬂo?@’gﬁqﬁlﬁgs’*& P%P‘Arhﬂf'&f |h§e. See
measured t enpegainll.8. Madnt!RSs. 5BP2,880;31766,20% 4, 569,01; 336 86@arkd )9204baRPer at ur e
val ue for use In the anal Kte concentrati on determ nation al gorithm

Fol | owi ng obt SisieRures obwhich arehgreindpgompsaieyae{fF@Rent and tenperature val ue
as descri bgd above, these two factors are enployed in an analyte
concentration determ nation to algorithmto obtain an anal yte concentration
val ue for theOBRH#M READRIDEYGK eni ent anal yte determi nation al gorithm may be
enpl oyed that is capable of converting the reflectance nmeasurenent value in
conjunction with the tenperature value to obtain an anal yte concentration
val ue. The al gori tlhthetshbiectimethods [ap pplirahreadingdavice js apaployed tajayemtically ke t he
nat ure of the ti@&l%eﬁ&ﬁe:ﬁé&ﬂ e?l% t&h&ﬂ@giorﬁﬁ&g%ﬁ\&g, éfiéctteﬁ'n m %um{ellt, Qt%.,t h.e
particul ar ref] ectance readin evi ce, that are enployed. representative
al gor i t hmi® hawhiglagptival reensirompent isvnepleyed hedegine thptanal e coneentrasion in the sgmpiode and

the fluid sa ' | i i £ ' t i L hns
descri bed i nn%L@ é@ﬁ%ﬁ‘%h&&g@? Bﬁg&ﬂ%’%@ %gg%g!r&@c@lcf SE%EQ gtg)g&ﬁét&

5, 968, 760; t heithdappedruistersefwart, inkmplhyedite adiemaically reedreflestartcedt destaingbimtseémce.
In these al gogit e_.or 0 . ined fr t.he: raw
Fef 1 oot ance dirs Tpafd 5y Rhr FBFSueotndt, KR Uil AhiG0RL ALRET olpf B 0% bF
concent r at i onanalyre i hle aghepms fltidnds exphired édgiatet deail balope g featued dfabksdevicheofK/ S

val ues are_enpl oyed in conj ion wth the tenperature val ue neasured
Lo ng an Gt 1 05 Pt ARsTERT et bied el & ey toP ARGtk § PRt oans, | n
order to obt alepretdnentiag el tyd amlsiamn ceiiferantre ofthe Masipdgiuking ai eicals@Ripahdny &f the

algorithmis: 25 d ucps mg/.dL) .=, Funct.i on of S 1 [(t KIS1 (t2),
00T ATy ¥ ey 8 e ds gt qeglion Mieshs, gnlig b thy ppSaiiie afiki o 5
(t2), ..., Klintk dpticdl)e.d aenetamte) ihsusdnenhaabtddeterhinatidn algorianmal | zed

refl ectance val ue neasured at .wavel ength .1 .ang ti ng)let, lt i S ev;l'lgent from
the above di seussiAbIFPCRCHAYREFTPSHNGR FAHME PR HRsmay e cinglave i hegyblect

i mprovemend iiAvdnkion fsisellethaBitallly Shdvarin G 2. DeBig R, ARiawLy EMBdlnvéntiod Ralepiced
concentrati on.

By 13 . using the optical ¢ onents_to determne _.
t enper at ur e o‘i"hetr%/u@e PF‘PW?}&‘%%W%W@/%‘O &’5’("86 2B pﬁ‘gblrfﬁ a&ﬁﬂgtsﬁh?‘é‘?'&@tt he
matri x i n whigirck Beforl@tagpleddtigh inteRdtyQighi Enittingldyde AR plofted abehm of hghe
measured tenperature val ue di Lect,l IZrmirtn thtﬁ agfslr%te concentraééi n
det er ni nat i or®™? G6r5aeePad; Arypelaniialnprtigndatdeas RERIFTaRY g¥leash ‘%’ta@d more
concentratio g@@tmbtw [ 80%!| M thddsnds 6f feaclibn PRRULEPIS tEO TR NE T GsivelyiCh as an
LED or phot odi ode, used for the above tenperature neasurenent

t
t enper at uP®  dElesidrm the scagend padand isdetected by dight detertor .dpraxampls & ererper ature

and require nghohRABEMEY tRatProdaedsanhBuRagss phdpbRdhilZatne BBhe il Beadid] Ligan, the
opti cal conponents neasure the tenperature at the |location that is nost

rel evant for S99%epangptdefenion can Recidpriphiogrreraie Py TeHoBd loarparutar wayekengthThi r d,
since the ill4mgRairidedrea e Quipdesrerlet8e RPhisE@lo amplifier 7, for example, a circuit

which converts the photodetector current to a voltage..

30 Analog-to-digital converter 19 takes the analog voltage and converts it to, for
example, a twelve-bit binary digital number upon command of microprocessor 20.
Microprocessor 20 can be a digital integrated circuit. It serves the following control
functions: 1) timing for the entire system; 2) reading of the output of analog/digital converter
19; 3) together with program and data memory 21, storing data corresponding to the
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1o conponents are enployed directly in the tenperature neasurenent, an
‘addi ti onal conmponent such as a thermistor is not required, thereby
providing for benefits in terns of manufacture and cost of the device. As
such, the subgf&tantdiveRinedat sfp@cﬁﬁ&ﬁtﬁﬂé iitetval g dafculnang arabid kidifrom thetswrédre

art. 15 All puplications and ts cjted in this ification are hereln
i ncor por at ed '8 cHADFEsUSing an %‘”&‘? Qaéﬁmf’ aiweamaqat%ﬁir@@ﬁ“ﬁ using pLeRtiGe! wer e

specifically @ﬂ@oﬁdﬂdbﬂhéﬂmideyaﬂdwba teﬁlg &ﬁlybﬁohm&amrdﬁa&d dRplay e.er ence.
The citation of any publication is Its discl osureciarlor to the filing

date and shouYlempRy2lsan Ms%étse%ewcawmc&swsldh%ﬁn fhe THereREFSS I nvent i on
is not entgtl b HATR: At W ir&drded olf b Lo Butet refMabl@ metfauent i on.
20 Al t hough tcﬁ)graflggrgtg%llﬁng i nvention #l%%erenr degcrl be%ltl nresgme get ail by
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¢ Ts readi| v, ARAekERssd RABARE dbNio@T U BRY vt harl Bofy R 36 cdfy thinit _Of
the teachings of this invention that certain ch antjges and nodi f'i'cati ons may
be made t her e¥syaliy it isduiisudledisplash wghﬁ%hqw%@y%mwp o LER displapfout iheanpabso
appended cl aiygs, VA MR png t he
concentration oftap]cﬁmgtr?a ble%lr%%% | ul dgegg?éplfmﬁ sal %Mahﬂgdﬁc%r%r{)aﬁsg ng: 5
(a) cont ath i reyitshpnd oganmveie\nmamﬂde reisible tigsrayinusiorndieatstiimesdbr gppbiingci ng
systemt hat . t on a surface of said matrix in an
anount pr opo%%?lggg%aﬁ?%&%%%%uﬁ{&g (aanal yte in said sanple; (b)

illum nating sai dIrsthppmt oivegmndthereefle¢tancocirduitdiself bamhmuaatuomntlateammg b(yc)
collecting li frao al a '
optical to nerg%%nen arﬁ[‘rép ‘anc ef %{'C%Ef%att\g%cﬁl%n‘?l}]eqqlgeaﬁé&%gﬁ@? ggfcttﬁ)lg?:e %nr%{g [ on in
said sanpl e fsbmnnma)pdieabptth@mhgenqaﬁm gmﬂnd)d)mgna@s anhaktgface sthwhidhreflecaanpd oys a

terrperatu £ val ue obt ai fr one_ of at.i on a.ns r. sai

| oht col et bt Be e TEmish R Fealrich Afied i W P &R Boiin SRR <. o
col l ecting stra‘pbc(aﬂbe readifysiagemtonoltitdlytnadadg arc&cﬁdeky(spadd liriterindls aypiczmalabblmplzi cal
measurenment is_ a er nce neas rreth d ac Cl ai s
oo 2 wher GPIPRGR Tiomt G BREANY PG SOUF qEoR st &Y miRbet feaRG HhR B8 ity e
prior tﬁ dumrl]d&gxraﬂﬁ{tngﬁédll@rmadbbﬁbmﬁ”pmetrﬂion&ﬂltlﬁ mafix Byaﬂaﬂcbemgem” yre@Bmnt .

20 4. The met ho or.di n sa I m nati on
reans 1o a | Ghpe B AR Ge apEda bt snntisd ot eion SR BT RGTes Tepk o HE UER 5"
or 4, whegeei nyieed xdﬂédt@bé is®6ink @Rhduedd. Plﬁbaﬂﬂedtdilc@.va'&fe it evaekeibyige sensitive
Ilght detector. 6. The metg\ﬁl accor di n .of the recedl ng cl ai

wherein said I?‘éWB@F%?P?Ir@P’\? ﬁ“gmélﬁ'f%? ’é’a VFF ey 4nd iBEncerPEefachs. 30

7. The met hodame c»@mdmﬂmammme@ﬁalw Wt&h@lﬁﬁ@hé@s edl @i diEpentAess Beltespahtd

tenperature val ue i s obtai ned to, ng and/ or_ after obtai nnent of
Salrrg ref | ect 4MRX thedrop ioreflec tangc 31gnals the start of thegmeasurmg time interval, Dropsrlln

reflectance of 5-50% can be used to initiate timing, typically a drop of about 10%. In this

25  simple way there is exact synchronization of assay medium reaching the surface from which
measurements are taken and initiation of the sequence of readings, with no requirement of
activity by the user.

Reflectance reading devices that may be adapted for use in the subject invention, e.g.,

by modifying the reflectance measurement based analyte concentration determination

30 algorithms present therein to employ a temperature value obtained from the optical
components, e.g., LEDs, photodetectors, of the devices, are further described in 4,734,360;
4,900,666; 4,935,346; 5,059,394; 5,304,468; 5,306,623, 5,418,142; 5,426,032, 5,515,170;
5,526,120; 5,563,042; 5,620,863; 5,753,429; 5,573,452, 5,780,304, 5,789,255; 5,843,691,
5,846,486, and the like, the disclosures of which are herein incorporated by reference.
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8. The method according to any. of the preceding clains, wherein said matrix
‘i s- @ conponent of a reagent test strip. 15 9. The nethod according to any
of the preceding clains, wherein said analyte is glucose. 5 10. An
apparatus for neasuring a concentration of an analyte in a fluid sanple
according to any of the preced met hod claims 1 to 9, said apparatus
conpri si ng: ayn%ﬂ T CONGEITRATIQN LRTERMINARION y reagent test strip that

i ncl udes a porous matri X pad which (i) has a first major surface for
accepting the sanple and a refl ective second nmajor surface opposite to the
first surface, (iilpPEctigigthesibiechmgthads; te firshstep ‘Stt?lP'Efﬁ'Qﬁhettﬁée ?ﬁﬁaﬁ&daml’lém t he

first surfgceoita%@au@ ﬂwa%oﬁ%mgqnwﬁt@qemaﬁlﬁ@lmsddamémd %e'ﬂﬁilfﬁ%ﬁ:tl@gb&ﬂf h one
or nore reagents of a si produci ng systemthat reacts with said anal yte

to cause a chénigeample.ttyev ‘élflﬁ E’é@féﬁ'@blt sfa fuidsampleomkics igoptained frem anjapigl.nat i on
means for ill Hg‘ Qﬁﬁﬁ&g?xt ﬁk@uestﬁ&Q&dRﬂ)‘t'JsEﬁEthe%d)t &g}pfb@@f hl'ﬂerésp ﬁﬁé‘gfg&% blodd C)

| i ght detection neans noni t ori I ntensity ect romthe
second sur f acer fodctionsdhqvend. Whertbﬁ‘@S@hdﬁbéﬂoodaﬁdodjmammm@rbweﬂr@gﬂ gickag the

anal yte Conce%éxactoh\‘;ak{ﬂieﬁ{ rﬁ%&hﬁﬁﬂgpﬁag%‘vk%&ff tHeHhul £ Juﬁﬂe i id sd 4 i§ gy Sl d

means conprises an al gori I'oys ‘a tenpérature va tained from
one of saildl i tdntavtedanithahe mntspaéndmgfalvidcmcemgﬂmalmmsvcd\m@mlwmgﬁmId

o gor1 (1 R0 SR A e BRI GORRSD, R 521 o

excess over threshold matrix saturation in the area where reflectance will be measured (i.e.,

about 5-10 microliters) of this fluid is applied to the reagent element or elements of the test
device. Excess fluid can be removed, such as by light blotting, but such removal is also not

15  required.

Following application to the matrix, any assay compound present in the sample
passes through the reagent element or matrix by means of capillary, wicking, gravity flow
and/or diffusion actions. The components of the signal producing system present in the
matrix subsequently react to give a light absorbing reaction product.

20 Following application of the sample to the test and typically the conclusion of a
predetermined incubation time ranging from about 5 to 120, usually from about 10 to 60
seconds (which incubation time may be automatically started or manually started, depending
on the nature of the device and/or protocol being employed), an optical measurement is
obtained. In those embodiments where the optical measurement is a reflectance

25 measurement, a surface of the matrix pad, typically that opposite the surface to which the
sample was applied, is illuminated with an illumination means, e.g., an LED. The
wavelength of illuminating light may range from about 300 to 3000 nm, usually from about
400 to 1000 nm, and more usually from about 600 to 750 nm, e.g., 635 nm, 700 nm, etc.

Light is thus reflected from the surface of the element as diffuse reflected light. This

30 diffuse light is collected and measured, for example by the detector of a reflectance
spectrophotometer. The amount of reflected light is then related to the amount of analyte in
the sample, usually being an inverse function of the amount of analyte in the sample. In
other words, absorbance is measured at certain points in time after application of the sample,

i.e., at the conclusion of the incubation period. Absorbance refers in this application not only
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10  the temperature value is one that is obtained from an optical component of the reflectance
(1§J_+_+'E ' 18;/?3& tedding devicd AHitASrd ParticulahD Xndebatire behBite Spiicar comBofnt drnd + ' L0
10++! #3" 109 befitange &hdity d@%élﬁ:@&i ]@h" &h(ttTr@ dl@%lo Bbk?bt()()ete&to; 3By Fo& () - & (
3"10%8] Bl & () gﬁoéP-H- 1r3+;é9 zr G I .e% ntk g)) ngenfratiqn determination

,s110% . & () -F8Eghs &P)"é“é‘i‘%%%‘ﬁ § PAPoLogHI

3" 10933&' () - &ilgorthiis, o&é ﬂtﬁ%s oBtaing@frih Q¥ rdtyre s3witil O taRnafipn meakGRihe) -
103b3b 10 3b 103b3bI %e&n/?b?’ & ) TGy} [ <P
10! L&10% () " 10%€e& () - SSY109%@&' () - 3nt 109’ ()-! U3ni 1
0%<<& ()-N rSl 1I 'I‘h@%ﬁn‘fs&a(u}cgﬁﬂé 1i996@ec(f}or§th]3@ﬁﬁ>e1£ﬁ€ sensitive optical component
10FF!) " 10‘%FF&' " 109°P& &g -1 (1094a& ()-N 1" 7#@#%&zl)i§r S1o1tr" 100 T& () - 2!
"1099T& () -z 1 3ctapce reading device usmg any convenient protocol. For example, the voltage
|1 1098$3%& ( )dr dckokO YFigHd e(n)tﬂﬁ% did@6tsedevict aOB&d currenfdnte \détedrhihed at a point

Y& Y& Y& () - PP
10%& () -2 Flom/dit)l%e(p)roxllzx%?o/d%gé (pnor t%%rp Efte]r'oor simultaneous with, the end of the incubation

20 period. Based on the calibration of unit, the measured voltage drop can be used to derive a
temperature value representative of the ambient temperature of the matrix pad. Methods of
using light emitting diodes to determine temperature of the diode are known to those of skill
in the art. See e.g., WO 99/23479 and its priority U.S. Provisional Application Serial No.
60/063,935; the disclosure of the latter of these documents being incorporated herein by

25 reference with respect to its teaching of how to employ a light emitting diode to determine
ambient temperature of the diode. In the devices employed in the subject invention, the
optical component employed to determine optical component temperature is sufficiently
proximal to the matrix so as to substantially provide the ambient temperature of the matrix.
By sufficiently proximal is meant that the distance between the optical component and the

30  matrix generally ranges from about 0.5mm to 25mm, usually from about 1.0mm to 10mm,
and more usually from about 1.5mm to 5.5mm. By substantially the same as the matrix is
meant that the measured temperature varies, if at all, from the actual temperature of the
matrix by no more than about 4, usually by no more than about 2 and more usually by no
more than about 1°C.
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10b! F" 10% - & 5“P (v g a(tim%qf‘l‘i‘“rfd%sﬁwﬁ&l"fc)a‘ 21 1F" 10% X
X&' ()-2 10b7cdhp oﬁe@hi%@ﬁe\hce at any convenient point during the measurement procedure. As

10! F*10%n=n& ()-2! F"10%u=u& ()-2! F' 10%u=u& 5 2F"10% & () -2! F'.10%u=u& (
) - 2! F" 10%-u Fug_]C%l )thezteg@grgtyggswzwgyast @fpey and ng y be measured a plurahty of times

10% u. u&' (3 - Sifiri % &ehur@%ér&vﬁén the Qﬂa@«%‘aﬂ& i hedsurdd Wpltality of dllesN®B 10=n=n

10=n=nABBHCDDVEd 10! 1" GL0% ué& ()
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10-u 10-ul 1z 1006 sk dn dé addVfe Bkcéntration determmatlon algorithm

10% u&' ()-gl (! 10% u&' ()-1%n0% u&' () T#10% u&' ()-TI W JJLaM\XY: /
Following obtainment of the reflectance measurement and temperature value as

described above, these two factors are employed in an analyte concentration determination

10  algorithm to obtain an analyte concentration value for the sample. Any convenient analylte
determination algorithm may be employed that is capable of converting the reflectance
measurement value in conjunction with the temperature value to obtain an analyte
concentration value.

The algorithm that is employed necessarily varies depending on the nature of the

15 analyte and the signal producing system, as well as the particular reflectance reading device,
that are employed. A representative algorithm that may be employed where the analyte of
interest is glucose and the fluid sample is whole blood is a modified version of the
algorithms described in U.S. Patent Nos. 5,049,487; 5,059,394, 5,843,692 and 5,968,760; the
disclosures of which are herein incorporated by reference. In these algorithms, one or more

20  K/S values are obtained from the raw reflectance data, where the values are then related to
analyte concentration. In the algorithms employed by the subject methods, the K/S values
are employed in conjunction with the temperature value measured using an optical
component of the device, e.g., the illumination means, in order to obtain the analyte

concentration. A specific representative algorithm is:

25
Glucose (mg/dL) =  Function of (K/S 1 (t;), K/S 1 (t2), ..., K/S 1 (),
K/S 2 (t1), K/S 2 (t), ..., KIS 2 (ty),
K/S 3 (t1), K/S 3 (t2), ..., KIS 3 (t,),
Temperature)
30 where K/S 1 (t;)=  Normalized reflectance value measured at wavelength
1 and time t,

It is evident from the above discussion that the invention provides for an important

improvement in the field of reflectance based measurement of analyte concentration. By
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10%& ()-2z 1 oogAns gn %ir&?@&i&le M3eLx JB W Bc%:‘cjg gha &.p{o)dpc.'}t eml\{)n[oye an ?hen Xsmg

10% u&' () - VKWiti tedstireditEyseratdre 'vA10&/@ipet] | Jr- thé AnalyddSahbentiaon deferin@tid () -

('"1098b3b& ()- (!#"10%b=b& (& - (1, ".10%&!31&&' %‘%51-9 . nga%grﬁg 1!

100 () - 105 RS e despiogtel oy e van beyiels. Hhgfase

10bbdef f P][lhi défropfical &dmﬁdﬂérﬂt@?jﬁikﬁhn )(,Ebldﬁ%@bdibdéjusé@%@ie(abo@!té@ﬁ@iué) -z
UG () -FE" 10%& ()-iiuiii :

10%&: () -fF meé%re&%ntl tlhéJ Itelrr{perature E’cpcndent measurements are linear with respect to
temperature and require no hardware or software based linearization. In addition, the optical
components measure the temperature at the location that is most relevant for use in obtaining
a temperature corrected analyte value. Third, since the illumination and/or detection optical

10  components are employed directly in the temperature measurement, an additional component
such as a thermistor is not required, thereby providing for benefits in terms of manufacture

and cost of the device. As such, the subject invention represents a significant contribution to

the art.

15 All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
indicated to be incorporated by reference. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an admission that the present invention
is not entitled to antedate such publication by virtue of prior invention.

20

Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

25  appended claims.
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10  measurement; and
(d)  determining said analyte concentration in said sample from said optical
measurement using an algorithm that employs a temperature value obtained from one of said

illumination means or said light collection means.

15 2. The method according to Claim 1, wherein said collecting step (c) comprises

collecting reflected light and said optical measurement is a reflectance measurement.

3. The method according to Claims 1 or 2, wherein said temperature value is obtained at

least once at a time prior to, during and/or after obtainment of said reflectance measurement.
20

4. The method according to Claims 1, 2 or 3, wherein said illumination means is a light

emitting diode.

5. The method according to Claims 1, 2, 3 or 4, wherein said light collection means is a

25  temperature sensitive light detector.

6. The method according to any of the preceding claims, wherein said temperature

value is obtained from said illumination means.

30 7 The method according to any of the preceding claims, wherein said temperature

value is obtained prior to, during and/or after obtainment of said reflectance measurement.

8. The method according to any of the preceding claims, wherein said matrix is a
component of a reagent test strip.
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10  pad from the first surface toward the second surface, and (iii) is impregnated with one or
more reagents of a signal producing system that reacts with said analyte to cause a change in

the reflectance of the second surfa_c_e;

b) illumination means for illuminating the second surface of the pad in the
chamber;
15 c) light detection means for monitoring intensity of light reflected from the

second surface of the pad in the chamber; and

d) means for calculating the analyte concentration from the intensity of reflected
light, wherein said means comprises an algorithm that employs a temperature value obtained
from one of said illumination means and said detection means, wherein said algorithm is

20 recorded on a computer readable medium component of said device.

16



