23 June 2006 METHOD FOR MANUFACTURI NG A STERI LI ZED AND CALI BRATED

BI OSENSOR- BASED MEDI CAL DEVI CE BACKGROUND OF THE | NVENTI ON [0001] £2 JEf%fQPe
of the Invention [0002] This invention relates, in general, to nethods for
t he manufacturing of nedical devices and, in particular, to nethods for
manuf acturing sterilized and calibrated nedical devices. [0003] 2.
Description of the Related Art [0004] Radi ati on-based sterilization of
specific types of nedical devices is comon and w despread today due to
both favorabl e economics and reliability. Depending on the type of nedical
device to be sterilized, radiation-based sterilization can be acconplished
using either electromagnetic or particle radiation. lonizing radiation in
the el ectromagnetic spectrum (e.g., gamma [y], X- ray and el ectron

o ac ETHOGRORYELTUNCR KA STERIL 120D D) AR "o
detrinmental m croorgani sén; Seﬁdalg'ﬁélsgﬁq{l@lhe pglﬁi‘;g lf': posi ti ve. aha

negative ions that are creat'ed by such characteristic ionizations, free
radi cal s and activated nolecules can also be produced in nedical devices
under goi ng radi ati on-based sterilization. [0005] Ganmma radi ation has been
commonly used to sterilizeBACKGRAUND OF THE IBVENIIONs, incl uding comon
hospital supplies such as plastic hypoderm c syringes and sutures. Ganma
radi ati on can successfully destroy detrinental mcroorgani sns w thout

i ncreasi ngopdier. MR MdiRefiod Ne medi cal device undergoing radiation-based
sterilization. Therefore, radlation-based sterilization that utilizes gama
radi ati orf00@2]of t en Thai_[sén‘_mmionoelasas;'incgedemﬁ,eo iﬂeitlmisifonth'é manufactiningroft andar d
dose of 25 kq/mgéicgladccjal\'%[els glrlld,hlgspalbtlec% ar,r t%urgulat ce>c|13/ fol#%)eacrjmlfarc]:tur;}encg s%gliliz]éd and

calibrated medical devices.

[0003] 2. Description of the Related Art
[0004] Radiation-based sterilization of specific types of medical devices is

common and widespread today due to both favorable economics and reliability.
Depending on the type of medical device to be sterilized, radiation-based
sterilization can be accomplished using either electromaghetic or particle
radiation. Ionizing radiation in the electromagnetic spectrum (e.g., gamma [y], x-
ray and electron radiation) can produce bactericidal effects by transferring photon
energy into characteristic ionizations in or near a biological target (e.g.,
detrimental microorganisms). In addition to the pairs of positive and negative
ions that are created by such characteristic ionizations, free radicals and activated
molecules can also be produced in medical devices undergoing radiation-based

sterilization.

[0005] Gamma radiation has been commonly used to sterilize non-bioactive
medical devices, including common hospital supplies such as plastic hypodermic
syringes and sutures. Gamma radiation can successfully destroy detrimental
microorganisms without increasing the temperature of the medical device
undergoing radiation-based sterilization. Therefore, radiation-based sterilization
that utilizes gamma radiation is often referred to as “cold sterilization.” A

minimum standard dose of 25 kGy of radiation has been routinely used in medical



23 June 2006 device sterilization. This dose can provide a safety é to
equi valent to 10-6 inactivation of the nost resistant m croorgani ﬁé “e2006
{1 0006] Exposure to radiation-induced energy can alter chemcals, including
water, by pronpting their ionization, deconposition and the production of
free radicals. 1In the presence of oxygen, such free radicals can form

hydr ogen peroxi de and/or hydroperoxyl radicals that act as oxidizing or
reduci ng agents. These agents can subsequently degrade and ot herw se alter
a variety of chemcals and biochemcals (e.g., enzynes). [0007] Ganma
sterilization could be considered appropriate for conplete destruction of
m crobial flora in biosensor-based nedical devices (e.g., disposable

gl ucose sensors which conbi ne | ancing, sanple transfer and gl ucose

concentration TRESUE LAAIEATREPRL oldledh bAGE & shitt PRI RTRfAL 1 fIfiyOCe)

However, sterilizatron o sensor |ca d alning anal yte

speci fic reagenigacfitaton oﬂhgmg{mﬁmgﬁ%og‘%ﬁgﬁl tions such as anal yte
specific enzynes and associ ated nedi at ors) has not heretofore been

successful due to the fact that radlatlon can i nduce a detrinental effect
det ri nent fect, can alter

bi t i
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assenbl ed and pacEaged product. Otherwi se, a | ess econom c approach
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medi cal device that yields a biosensor-based nedical device that
sterile and accl{egtaizymea).i brated. In addition, the 2

[0007] Gamma sterilization could be considered appropriate for complete
destruction of microbial flora in biosensor-based medical devices (e.g., disposable -
glucose sensors which combine lancing, sample transfer and glucose
concentration measuring components in a single integral medical device).
However, sterilization of biosensor-based medical devices containing analyte
spécific reagents (i.e., biosensor reagent compositions such as analyte specific
enzymes and associated mediators) has not heretofore been successful due to the
fact that radiation can induce a detrimental effect on biosensor reagent
composiﬁons. This detrimental effect can alter the biosensor’s chemistry

resulting in an inaccurate response during use.

[0008] Ideally, biosensor-based medical devices should be sterilized as an
assembled and packaged product. Otherwise, a less economic approach of
sterilizing individual components of the biosensor-based medical device followed
by assembly and packaging of the device under clean and sterile conditions would

be necessary.

[0009] Still needed in the field, therefore, is a simple and inexpensive method for
manufacturing a biosensor-based medical device that yields a biosensor-based

medical device that is both sterile and accurately calibrated. In addition, the



23 June 2006 nethod shoul d enable the sterilization of an assenbleg gnd
packaged bi osensor- based nmedi cal device. SUMMARY OF THE | NVENTI ON Eo81p 7006
Enbodi nents according to the present invention include nethods for

manuf acturing a bi osensor-based nedi cal device that yields a biosensor-based
medi cal device that is both sterile and accurately calibrated. In addition,
the nethod enables the sterilization of an assenbl ed and packaged

bi osensor-based nedical device. [0011] A nethod for nanufacturing a
sterilized and calibrated bi osensor-based nedical device (e.g., an

i nt egrated bi osensor and | ancet nedical device) according to one exenplary
enbodi nent of the present invention includes sterilizing at |east one

bi osensor - based nedi cal device that includes a biosensor reagent

conposi tion. ThendhRBHvAR] e iDRIR st DFRAS bf AasséfibledGnd Packdgel Hi¥RABAL, an
anal yte specific enzyme and a nediator. The sterilizing can be acconplished

usi ng, for exanpiassd medjeshdgvicadi ati on- based techni que. Thereafter, the |
bi osensor reagent conposition of the sterilized biosensor-based nedi cal
device(s) is calibrated. [0012] A nethod for manufacturing a sterilized and

calibrated biosensor-based QEMPRARYOFIHRINVENTEONO anot her exenpl ary
enbodi nent of the present invention includes first assenbling and packagi ng

a plurality of biosensor-based nedical devices that include a biosensor
reagent co jtion. The packaged . biaosensor-based nedical, devices_are then
Sttt z0d G| 1o EitrodPens Bcudinedd dis pesstt PoRTPEL Hcls e h6R fig o
plurality of stgphlitgqfh 8 Q-Asgagrik%?éldbﬁé@ Rids3 bisHs6E
Thereafter, the g?%??ﬁ?‘?&ﬁnﬁa%ﬁage bi gsensor%gzeéﬁ ﬁd?égg?leggs\;ai(ices are
cal i brated. Themedicabdeniceothat@mrboliestanlecmdlacsirett]y ¢adibrae®3In)aditi@i)Qbe

method enables the sterilization of an assembled and packaged biosensor-based

medical device.

(0011} A method for manufacturing a sterilized and calibrated biosensor-based
medical device (e.g., an integrated biosensor and lancet medical device) according
to one exemplary embodiment of the present invention includes sterilizing at least
one biosensor-based medical device that includes a biosensor reagent
composition. The biosensor reagent composition can include, for example, an
analyte specific enzyme and a mediator. The sterilizing can be accomplished
using, for example, a gamma radiation-based technique. Thereafter, the biosensor
reagent composition of the sterilized biosensor-based medical device(s) is

calibrated.

[0012] A method for manufacturing a sterilized and calibrated biosensor-based
medical device according to another exemplary embodiment of the present
invention includes first assembling and packaging a plurality of biosensor-based
medical devices that include a biosensor reagent composition. The packaged
biosensor-based medical devices are then sterilized, using a radiation-based
sterilization technique, to create a plurality of sterilized, packaged biosensor-
based medical devices. Thereafter, the sterilized and packaged biosensor-based

medical devices are calibrated. The calibration can be accomplished, for



exanple, using a statistical sanple of the sterilized, packaged 23 June 2006
bi osensor-based nedical devices. [0013] Processes according to exe%ﬂFéﬁy
enbodi nents of the present invention provide for the manufacturing of a
steril e biosensor-based nedical device in an inexpensive manner by avoi di ng
costs associated with assenbling previously sterilized biosensor-based

nmedi cal device conponents in a clean/sterile environnment. Furthernore,

hi ghly accurat e bi osensor-based nedi cal devices result fromperformng the
sterilization step prior to the calibration step. BRI EF DESCRI PTI ON OF

DRAW NGS [0014] A better understanding of the features and advantages of the
present invention will be obtained by reference to the follow ng detail ed
description that sets forth illustrative enbodi ments, in which the

principl es of ”aﬁaﬁmgré,eﬂéihga s?aﬁr%ticéd?shhlbk?&bthégéghg{d,?S&&gg@g}’ds@gso‘?f Lfigs of

whi ch: [0015] FI G IS a perspective view o osens ased rmedr cal
device (i.e., amedidabdevioeshemn cal bi osensor-based nedical device) that can
be utilized in certain enbodi nents of present invention; [0016] FIG 2 is a
per spective view of another biosensor-based nedical device (i.e., a

i i zoa 1| URICL P ErbEsHaRrarite TACRAIRY fifodift 6wk iRhebfudfion, | ¢ ,

flow chart ill uptdvadd fog tiee menufaomeingfof atsepie bidsenspr-beedsmedicalUedidedntag One
exenpl ary enbodi nrent of the present invention; and [0018LrFIG. 4 is a flow
1

chart i1l ustrat insgpensivegmaniss byraveidipg cosis asspeigied ithhassembling prayieusdy her

exenpl ary enbodi . i j ne 2006 TAI LED
DESCRI PTI ON OF #EE“%%@E&%”%QFF%%?B%G%%?@%’&@M 8%%&?] ﬁ‘ga SIS ar y
enmbodi ments of etMdrdin@seN Fuitheraivre Mighlyaaolratecsipdeaythdsed MrRAGaRAéHES a

variety of sterilized and accurately caljbrated, L
_ result from performing the sterilization step prior to the calibration step.

BRIEF DESCRIPTION OF DRAWINGS

[0014] A better understanding of the features and advantages of the present

invention will be obtained by reference to the following detailed description that
_sets forth illustrative embodiments, in which the principles of the invention are
utilized, and the accompanying drawings of which:

[0015] FIG. 1 is a perspective view of a biosensor-based medical device (i.e., an
electrochemical biosensor-based medical device) that can be utilized in certain
embodiments of present invention;

[0016] FIG. 2 is a perspective view of another biosensor-based medical device
(i.e., a colorimetric/photometric biosensor-based medical device) that can be
utilized in certain embodiments of the present invention;

[0017] FIG. 3 is a flow chart illustrating a sequence of steps in a process
according to one exemplary embodiment of the present invention; and

[0018] FIG. 4 is a flow chart illustrating a sequence of steps in a process

according to another exemplary embodiment of the present invention.



bi osensor - based medi cal devices, including, but not limted to, thes ; .o-006
integrated biosensor and | ancet nedi cal devices described in U S Eagen%
Application No. 10/143,399, which is fully incorporated herein by
reference. [0020] FIGS. 1 and 2 illustrate an el ectrochemni cal

bi osensor-based nedical device and a colorinmetric/photonetric

bi osensor - based nedi cal device, respectively, that can, for exanple, be
manuf act ured by processes according to exenplary enbodi nents of the present
invention. [0021] Referring to FIG 1, electrochem cal biosensor-based

medi cal device 100 includes a top electrode 102 and bottom el ectrode 104.
The top el ectrode 102 and the bottomelectrode 104 are held together by an
adhesive | ayer (not shown). The adhesive |layer is adapted to provide a
reacti on zone 106. El ectrochem cal biosensor-based nedi cal device 100 al so
includes an integrate 1-Gl0+ [ I a lancet or an
i ntegrated | ancet). [gagg?ugﬁﬂfﬁﬂ#ﬁaig?rg§@é?€aéﬁéﬁﬁéﬁﬂ‘tﬁggénsor-based

medi cal device 100 includes a biosensor reagent conposition (such as a-
redox reag onposiptd gt N I . 6. The
bi osensor @gg%]gnt co%docg?%ﬁsSggrpgggé?ggﬁgﬁﬁg&%?@yggt6t\?tmﬂ§h}etgg?ég? ng?on ‘
conponent (s) ( ecah be ghploged)o manafatiuve &lvarkerplof stetitized andracthfitélyldalibhtenpl €)
during an assay of the fluid sanple., In electrochem cal biosensor-based
medi cal devi ce higsensphBassdanedical dey icay dpgludiagnkis g10f ligwted do,dhe pegratedn t op

el ectrode 102 I des;. Wit hi . i 106. 0 0023]
In the confi gu?tgg ?%’?181{) ﬁa@bét?ﬁéﬂbl%a??l g%]%cg%]%%s? lﬁge e&’%gi?ééghégp @%a%{og’qglé'rve as
a counter/ref er HIL43,89%cxliones fullpiiheorporated| Redin Ogaettihces adapted to serve
as a working electrode of an el ectrochem cal cell. However, in other

el ectrochem cal biosensor-based nedi cal device enbodi nents, and dependi ng

? n a volt a[tﬁgl%s eque n?ﬁBs@HQJnidefjill‘ﬁgtrﬁtQ Gn %le%ﬁ%&l?e%@gﬁi bqggeng(?lj-lgase& n%dﬁ&ll %e*?ifce the
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and a colorimetric/photometric biosensor-based medical device, respectively, that
can, for example, be manufactured by processes according to exemplary
embodiments of the present invention. N

| [0021] Referring to FIG. 1, electrochemical biosensor-based medical device 100
includes a top electrode 102 and bottom electrode 104. The top electrode 102 and
the bottom electrode 104 are held together by an adhesive layer (not shown). The
adhesive layer is adapted to provide a reaction zone 106. Electrochemical
biosensor-based medical device 100 also includes an integrated micro-needle 108

(also referred to as a lancet or an integrated lancet).

[06022] Furthermore, electrochemical biosensor-based medical device 100
includes a biosensor reagent composition (such as a redox reagent composition,
not shown) present within reaction zone 106. The biosensor reagent composition
is selected to interact with targeted component(s) (e.g., glucose) in a fluid sample
(e.g., a whole blood sample) during an assay of the fluid sample. In
electrochemical biosensor-based medical device 100, the biosensor reagent
composition is disposed on top electrode 102 and resides within reaction zone

106.



electrodes can be reversed such that bottom el ectrode 104 serves g@\f 06
working electrode, while top electrode 102 serves as a counter/r eL@ﬁgQ

el ectrode. [0024] Suitabl e biosensor reagent conpositions for

el ectrochem cal biosensor- based nedi cal device 100 include, for exanple, an
enzynme and a redox active conponent (e.g., a nediator). Further details
related to el ectrochem cal biosensor-based nedical device 100 are discussed
in U S Patent Application No. U S. Patent Application No. 10/143, 399.
[0025] FIG 2 illustrates a colorinetric/photonetric biosensor-based nedi cal
device 200 that includes a support substrate 202 nade of an inert material,
a mtrix 204 for receiving a sanple, a biosensor reagent conposition (not
illustrated) within nmatrix 204 that typically includes one or nore nenbers
of an an e oxidation SI nal _produci ng an top | ayer 206 (for
exanpl e, alloxilﬂanspar ‘thetCBB 1gufalipy 0 aﬁi%rﬂ @8¥@W§l%‘rqd§d§9 inedaptsd oegrve 3p
QLher SoOaT Mo Soufer/ Bl ehduRicht SR TRIGe RD9TERRRICAIBREN 1RY o

device, top |ayer exanp a menbrane ¢
bi osensor reagewbrkimElestrédedTt ani dmmgnahedl &emerHbWevdrnanbhhé‘rfblé‘dtfo%Héﬁﬁ@a'ﬂCe
matrix 204 and the top |ayer 206 are nmutually inclusive.
Col ori metri c/ pHiewsmserb @eémyéi&%éwl%g@aoﬁm&apn@éwe@élnm uplktagei ncl udes

"nicgrated FanceiyenepgRBaT e oBeRBIcRENCER 48 OF R PR F U B quence of

steps in a proc&drodedcardbs aveised stich thhﬁbdlfmemttrb(ﬂwmse@%sfa@ra WSk gct uring
a sterilized and calibrated biosensor-based nedi cal device. Process 300

i ncludes the stedgstiofesvhile tapAlegirogde 162 3ervesnea sowser/wierencsrdedtadsensor - based
medi cal device (e.g., the nedical devices of FIGs. 1 and 2 that include
integrated | ancets and biosensors, i.e., electrochem cal and

col ori et rjpg24)hot ormsmtablémm&sb reb@ent c6MpOsifibnd frelectBehdntitall BibseRdor-

bi osensor-based nedi cal eV|ce as set forth in step 310. The

bi osensor - based®apashmedicalydayi el((gbmclude for example, an enzyme and a redox active

component (e.g., a mediator). Further details related to electrochemical

biosensor-based medical device 100 are discussed in U.S. Patent Application No.
U.S. Patent Application No. 10/143,399.

[0025] FIG. 2 illustrates a colorimetric/photomefrié biosensor-based medical
device 200 that includes a support substrate 202 made of an inert material, a
matrix 204 for receiving a sample, a biosensor reagent composition (not
illustrated) within matrix 204 that typically includes one or more members of an
analyte oxidation signal producing system, and a top layer 206 (for example, a
transparent top layer) which covers at least matrix 204. In other embodiments of
a colorimetric/photometric biosensor-based medical device, top layer 206 can be,
for example, a membrane containing a biosensor reagent composition
impregnated therein, in which circumstance matrix 204 and the top layer 206 are
mutually inclusive. Colorimetric/photometric biosensor-based medical device
200 also includes an integrated micro-needle 208 (also referred to as a lancet or an

integrated lancet).

{0026} FIG. 3 is a flow chart illustrating a sequence of steps in a process 300
according to the present invention for manufacturing a sterilized and calibrated

biosensor-based medical device. Process 300 includes the step of sterilizing at



sterilized in step 310 includes a bi osensor reagent conposition. [2@%7& g@ﬁf
apprised of the present disclosure, one skilled in the art wll 5 i

that the present invention can be enployed during the manufacturing of a
vari ety of biosensor-based nedi cal devices including, but not limted to,

i ntegrated biosensor and | ancet devices described in U S. Patent Application
No. 10/143,399, which is hereby fully incorporated by reference. [0028]
Gamma sterilization can be considered appropriate for the conplete
destruction of harnful mcrobial flora in integrated biosensor and | ancet
devices that conbine |ancing, sanple transfer and gl ucose concentration
nmeasuring (biosensor) conponents in a single integral disposable device. In
such devices, a mcro-needle is adapted to penetrate a subcutaneous skin

| ayer, to acces bl god sanpl e.and.to . .transfer the bl o

exanpl e, an el e%?ﬁc?@ﬁg)ﬁ?sfﬁfo rhgsrd n}fgécﬁpg?wf% %e\;ﬁed’éeqbﬁag ‘%Y'ﬁﬁggéﬁés 1and
concentration detipt 'iﬂdl‘@ddifﬂ ratB@ | AicOs And bR e Moré,Qze, &M oRh&HRAI fify Provi ded
in a sterile condition. 9] Process 300 is particularly beneficial for

manuf act uri ng acatomehwmhdfoamemc seashrs |0 aieaté atddeadianeistecilized biosedsoobassbr
reagent conpositian (e.g., a reagent c osjition that in n.a aIyte
specific enzyne'“ﬁ%&ala%é’gcﬁ a3 gﬁ?ﬂﬂﬁm%ﬁwﬁb& 'oéﬁ%ﬁogftqa %ﬂp 5%‘&%&?@

al tered upon expOied ihQtepalioahtRAes fefosaasama ent ddipAidyti cal perfor mance
of a biosensor reagent conposition that includes PQQ based gl ucose

dehydr ogenase (a gl ucose specific enzyme) and ferricyanide (a nediator) has
been determned as b altere X tion.. 7 23 June
2006 _[OOSde er| iz PF ?P%‘fsgﬂ gilﬁy ?Fpngﬁlslcﬁ’f aﬁﬂ’engall?‘g @eﬁté’?”illl i zation
techni que. |z@§1aWh|e| r@%nfiﬁﬁ/@ﬁt‘l&?&n‘ e Qﬁﬁl@?&d Qﬁl%he%ﬂﬁ?&?ﬁng of

according to exerrp ary enb Sdinents of the present invention prove
particul arly usefaretywhEbiosensacbasddanedibalsledices otvhidijng, b(tleﬂgt lim#ed)tyma

radi ati on-based technjgue | o Cp60. source
and a dose of 16‘egf)at%4)g’1?€§)’s8éﬁ"gpa8?¥té{%§}fﬁﬁ ©5G e@é’é@té Phréeh Application No.
10/143,399, which is hereby fully mcorporated by reference.

[0028] Gamma sterilization can be considered appropriate for the complete
destruction of harmful microbial flora in integrated biosensor and lancet devices
‘that combine lancing, sample transfer and glucose concentration measuring
(biosensor) components in a single integral disposable device. In such devices, a
micro-needle is adapted to penetrate a subcutaneous skin layer, to access a blood
sample and to transfer the blood sample to, for example, an electrochemical cell
area of the device for glucose concentration determination. Therefore, the micro-

needle must be provided in a sterile condition.

[0029] -  Process 300 is particularly beneficial for manufacturing a biosensor-based
medical device that includes a biosensor reagent composition (e.g., a reagent
composition that includes an analyte specific enzyme and associated mediator)
whose analytical performance is altered upon exposure to radiation. For example,
the analytical perfofmance of a biosensor reagent composition that includes PQQ-
based glucose dehydrogenase (a glucose specific enzyme) and ferricyanide (a

mediator) has been determined as being altered by exposure to gamma radiation.



in sterilization step 310. [0031] Next, the biosensor reagent conpggltlon of
the at |east one sterilized biosensor-based nedical device is cal FBrPHI%e000
as set forth in step 320. In order to avoid analytical inaccuracies
resulting fromchanges in the analytical performance of a biosensor reagent
conposition due to sterilization step 310 (e.g., changes in calibration
coefficients due to exposure of the biosensor reagent conposition to gamm
radi ation), calibration step 320 is perforned after sterilization step 310.
(0032] By performng calibration step 320 after sterilization step 310,
effects of the sterilization step on the anal ytical performance of the

bi osensor-based nedi cal device are conpensated. For exanple, ganma

radi ation enployed in a radiation- based sterilization technique can have an
altering ef on I r.for aace of osen rea

conposi ti orl Qsﬁlat i ngﬁerdg%at}r; S‘riegq yﬂ?caélp‘ét fiady S%'ﬁaibl%%tegﬁaatéo% '59‘6‘?

However, by condysvéwg, & il bddedtiibed ﬁt&DaxﬁbBQWQP@@éssE@acc@P&hg td &RdrhPRry Such
effects are conpensated for during the cali bration, thus provi di ng an

accurately cali mmimédnbmtegéﬂsmremsmem proive @emwbﬂrly'l'lmeﬁllw Zleadlathﬂ-

conpensation ca rt.icu usef ul i.osensor-b

nedi cal  devi ce lggh%lq'tﬂ? Pmﬂ? rﬁd'apg'ﬁlb "-33?38\5 TP @é{Fﬁj a&‘@ﬁsor -
or a colorinet rirhgihhbwiBAEs Cb@sbhfb'é%ﬂagrdbs@ﬂfjlé aflwrcagrcﬁnftabémﬁ;sl%dbéﬁse%
single integrated bi osensor-based nmedi cal device IG 4 is a flow

chart illustratiimgterlizgadipresier3?. steps in a process 400 according to the
present invention for manufacturing a sterilized and calibrated
bi osensor-based nedi cal device. Process 400 includes the step of assenbling

a8 23 Jungo@ﬁ?:G Pl Unadit! the Bfoseh&sre hr&ﬁ?ﬂﬁxtiﬂ?ﬁéﬂﬁé aﬂ@xgt%ﬁéste@mzé@t forth
in step 41 bi osensor - based medi cal devi ces assenbled in step 410 can

be any suit abl e bidsensoetinsed madisal mmcoalcal@maiede@ seh fonth mcstetptﬁ%b nlordeew i n
the art. Process 4Q0 owever gartlfs %1rl benef i Ch for nyf act uri ng
bi osensor - based 25, agafy’tlca inaccurdcics resulting from’ changes in the analytlcal per ormance
of a biosensor reagent composition due to sterilization step 310 (e.g., changes in
calibration coefficients due to exposure of the biosensor reagent composition to -

gamma radiation), calibration step 320 is performed after sterilization step 310.

(0032] By pérforming calibration step 320 after sterilization step 310, effects of
the sterilization step on the analytical performance of the biosensor-based medical
device are compensated. For example, gamma radiation employed in a radiation-
based sterilization technique can have an altering effect on the analytical
performance of biosensor reagent compositions that include an analyte specific
enzyme and a mediator. However, by conducting a calibration step subsequent to
sterilization, such effects are compensated for during the calibration, thus
providing an accurately calibrated biosensor-based medical device. This type of
compensation can be particularly useful for integrated biosensor-based medical
devices where a biosensor (e.g., an electrochemical cell biosensor or a
colorimetric/photometric biosensor) and lancet are fabricated as a single

integrated biosensor-based medical device.

[0033] FIG. 4 is a flow chart illustrating a sequence of steps in a process 400
according to the present invention for manufacturing a sterilized and calibrated

biosensor-based medical device. Process 400 includes the step of assembling a



devices with a biosensor reagent conposition and an integrated Ians?t,nezoo6
including those illustrated in FIGs. 1 and. 2. [0034] Assenbly of H%

bi osensor - based nedi cal device can be acconplished wusing any suitable
assenbly techni que known to those skilled in the art including, but not
limted to, those described in U S. Patent Application No. 10/143, 399.

[ 0035] Next, at step 420, the biosensor-based nedi cal devices assenbled in
step 410 are packaged to create packaged, biosensor-based nedi cal devices.
Such packagi ng enconpasses, for exanple, cartridge form packages or '
individually wapped devices in a card format package. [0036] The packaged
bi osensor-based nedi cal devices are then sterilized using a radiation-based
sterilization technique, to create a plurality of sterilized, packaged

bi -b d t.cal ' forth i 0]
D oo oo R 8 B R0 0 v

| ancet, the st epiokénsat-bastd fiédipal4RVides assdaledlin Pecd HREM B SlyauitaBlel ancet .
[0037] Next, the biosensor reagent conposition of the sterilized, packaged

bi osensor - basedbiesefiserbasedvnedical slewices knowate thosaskitled irf thetant. | Rrosgss s 04uis,
Only a fraction of a biogsensor reagent conppsjtion.batch . used tq.assenble
the plural ity opowbSoleRaaLbete e br FoRRORi iR hioihint S8 medicd he
calibration stegeyiwitiek 8iRERsor feadBAPESNPSSiGon aidd & Mtdedtbd Aln¥t, HRIEGhed
sanple) of the sterilized, package bi osensor - based nedi cal devices can be

cal i brat ed ver sthosaillugfratedne ElGstlhand. 21 n this manner, calibration
information (e.g., calibration coefficients) can be econom cally obtained
for the renmmining devices that were not part of the sanple. 9 23 June 2006

I'n addi ti ogo34gal i br ajis@iinisly O tiAlostaRsr-BNedIREREA VY chieBshé@nipIRBR4St eri l e
room conditions, thereby not unduly increasing manufacturing cost. [0038]

Process 400 cr eusi RS ARy S{i@_ble! @smb@etncsluﬁqmlswmh@sq skalded id)é_hi: nrta'mCIUfiing,
i nexpensi ve mangr by 2ul gk REb A AR b5t AbPiATRS R LB Y oS! ¥

[0035] Next, at step 420, the biosensor-based medical devices assembled in step
410 are packaged to create packaged, biosensor-based medical devices. Such
packaging encompasses, for example, cartridge form packages or individually

wrapped devices in a card format package.

[0036] The packaged biosensor-based medical devices are then sterilized using a
radiation-based sterilization technique, to create a plurality of sterilized, packaged
biosensor-based medical devices, as set forth in step 430. In the circumstance that
the biosensor-based medical devices include an integrated lancet, the sterilization

step 430 is adapted to create a sterile lancet.

[0037] Next, the biosensor reagent composition of the sterilized, packaged
biosensor-based medical devices are calibrated, as set forth in step 440. Only a
fraction of a biosensor reagent composition batch used to assemble the plurality of
biosensor-based medical devices need be used for the calibration step. For
example, a sample (e.g., a statistically selected sample) of the sterilized, packaged
biosensor-based medical devices can be calibrated versus a reference method. In
this manner, calibration information (e.g., calibration coefficients) can be

economically obtained for the remaining devices that were not part of the sample.



sterilized conponents of a biosensor-based nedical device (e.g 453 June 2006
previously sterilized |ancet and an el ectrochem cal test ceII or
photonetric test strip) in a clean/sterile room Furthernore, by performng
sterilization prior to calibration, a highly accurate bi osensor-based

medi cal device is rendered. [0039] In both process 300 and process 400, a
sterilization step precedes a calibration step. This particul ar sequenti al
order of steps (i.e., a sterilization step prior to a calibration step)
enabl es the manufacturing of a sterilized and calibrated biosensor-based
medi cal device of high accuracy and range, as denonstrated by Exanples 1
and 2 bel ow. EXAMPLE 1: Effect of Gamma Radi ation on the Enzyne Activity of
a Bi osensor Reagent Conposition [0040] Pall adium (Pd) sputtered pol yester

panel s (avail ablg agaﬂ%c&lfﬁﬂt% ste r{)%wg&s%t Fece@nlﬁ?g %“%%%a%&t%lfgga?ﬁnnol i ne

gI ucose sensitive bl osehsor reage ositiron co n| n rro

qui none- gl ucose cdﬂmyldng,gamsyanéﬂﬁaulmd}casmgrmmﬁmumg taxe. qui none (PQQ, .
potassium ferricyanide, a buffer and other conponents as set forth in Table
1 below. This biosensor reagent conposition is descrlbed further in U S

Patent AoDiigyl on Npodfl 208 sk o ARG IEIEN LUALY d0Rarparat d by

ref erence 3 June I 0Sensor Reagent

Conponent Vi ght j{e&pehdlvdamanhérdsy M@dm‘% Btk ﬁgsbc.@wdtwmgs%aﬂ]@uﬁg previdlsly
0.02730.0869 G traconic acid Buffer (buffer pH 6.8): D potaSS|um
sterilized components of a biosensor-based medical device (e.g., a prev1ously

sterilized lancet and an electrochemical test cell or photometric test strip) in a
clean/sterile room. Furthermore, by performing sterilization prior to calibration, a

highly accurate biosensor-based medical device is rendered.

(0039] In both process 300 and process 400, a sterilization step precedes a
calibration step. This particular sequential order of steps (i.e., a sterilization step
prior to a calibration step) enables the manufacturing of a sterilized and calibrated
biosensor-based medical device of high accuracy and range, as demonstrated by

Examples 1 and 2 below.

EXAMPLE 1. Effect of Gamma Radiation on the Enzyme Activity of a Biosensor
Reagent Composition

[0040] Palladium (Pd) sputtered polyester panels (available from CP Films,
Canoga Park, CA) were coated with a glucose sensitive biosensor reagent
composition containing pyrroloquinoline quinone-glucose dehydrogenase (PQQ-
GDH), pyrroloquinoline quinone (PQQ), potassium ferricyanide, a buffer and
other components as set forth in Table 1 below. This biosensor reagént
composition is described further in U.S. Patent Application No. 10/242,951,
which is hereby fully incorporated by reference. '
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1.3344.247 Citraconate Wetting agent (0.066 %: Pluronic 0.0670. 2]% %%32006
Detergent (0.0332 % : Pluronic F870.0330.105 Enzyne stabilizer (1. X

Cadl 20. 0190. 0605 Stabilizer (75 mM: Sucrose2.56738.174 Enzyne Cof actor (484
M : PQX.0160. 051 Enzyne (240 M: PQQ GDH2.6478.428 Mediator (750 m\):

Pot assi um 24. 69778. 635 Ferricyani de Total solids:31.407100.000 [0041] Dried
Pd panels (size 6" by |I.5") coated with the bi osensor reagent conposition
of Table 1 were packaged in KAPAK (M nneapolis, M) pouches (1 panel per
pouch) with silica gel desiccant and seal ed under argon (Ar). The pouched
sanpl es were shipped to a sterilization facility together with a pouched
control sanple (i.e., a panel packaged in KPAK but that was not to be
irradiated). A Gammacell 220 (serial no. 254) was used to irradiate (i.e.,
sterilize using a radiation-based technique) the sanples. For this purpose,
Co60 was used as a source of gamma radiation. Sterilization was perforned
at Johnson & Johnson Stergliizati ' gy (New Brunsw ck,
NJ). [00421 Fol |l owi ng sterﬁbzl%g't ﬁ%e%?c%rﬁib%&éntﬁ%&ﬁﬁéﬁ@%?k@ doses of gamma
radi ati on (w thout opening the pouches), the sanples were returned and the

PQQ GDH activiﬁé_as.sa%e.d_u&_ng_l_he DCLPLPES (DCILP =
2, 6- Di chl or ophenbPmi®®EAtnol  Sodi um sal t, | Mesight (dmaz| fe selidfosyl f at e)
spectrophotonetri c nethod disclosed in U Sl0®atlent App|icati on No.
10/ 242, 951. Buffer (citraconate 66.7 mM): 0.0273 0.0869
Citraconic acid
Buffer (buffer pH 6.8): Dipotassium | 1.334 4.247
Citraconate
Wetting agent (0.066 %): Pluronic 0.067 0.213
P103
Detergent (0.0332 %): Pluronic F87 | 0.033 0.105
Enzyme stabilizer (1.7 mM): CaCl, | 0.019 0.0605
Stabilizer (75 mM): Sucrose 2.5673 8.174
Enzyme Cofactor (484 uM): PQQ 0.016 0.051
Enzyme (240 uM): PQQ-GDH 2.647 8.428
Mediator (750 mM): Potassium 24.697 78.635
Ferricyanide
Total solids: 31.407 100.000
[0041] Dried Pd panels (size 6” by 1.5”") coated with the biosensor reagent

composition of Table 1 were packaged in KAPAK (Minneapolis, MN) pouches (1
panel per pouch) with silica gel desiccant and sealed under argon (Ar).A The
pouched samples were shipped to a sterilization facility together with a pouched
control sample (i.e., a panel packaged in KPAK but that was not to be irradiated).
A Gammacell 220 (serial no. 254) was used to irradiate (i.e., sterilize using a
radiation-based technique) the samples. For this purpose, Co® was used as a
source of gamma radiation. Sterilization was performed at Johnson & Johnson

Sterilization Sciences & Technology (New Brunswick, NJ).

[0042] Following sterilization with 10, 20 and 30 kGy doses of gamma radiation
(without opening the pouches), the samples were returned and the PQQ-GDH
activity assayed using the DCIP/PES (DCIP = 2,6-Dichlorophenolindophenol
Sodium salt, PES = phenazine ethosulfate) spectrophotometric method disclosed

in U.S. Patent Application No. 10/242,951.
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11 23 June 2006 [0043] The 10, 20 and 30 kGy doses where chosen ba§§gﬂgq¥%6
belief that a 25 kGy dose of gamma radiation is commonly used in medl ca
device industry. It was assuned, therefore, that a 25 kGy dose woul d be
sufficient to produce a suitably sterile biosensor-based nedi cal device,
however no analysis of mcroorgani smconcentration follow ng the ‘
radi ati on-based sterilization was conducted. Once apprised of the present
di scl osure, suitable radiation doses for wuse in processes according to the
present invention can be readily determ ned by one skilled in the art

wi t hout undue experinentation. [0044] A Pd panel sanple freshly coated with
t he bi osensor reagent conposition of Table 1 was prepared. Table 2 bel ow
shows the effect of the dose of ganma radiation on the activity of PQQ GDH
enzynme for each of the sanples described above. Table 2: Effect of ganma
radi ation on activity of the PQQ GDH enzyne coated Pall adi um Panel sanpl es.

Sanmpl e Typ ation e GJ 9 Ca(]ll e fr TihLaeEnzyne
Acti vi tyVaﬁilﬁg? l on % adi gtbf gﬁq@ géfk ‘ﬁ‘ﬁﬁ‘i %}1#1)5 %Q%s%%ﬁﬁ?g}l %@%F@EH 25°
| eN/ A23. 63. 4N/ AkGRIdok@bf sailaabliidddn Islcomihénlyn@td i medicalt @¥ikuhdsdihpprd to
and fromthe sterilization facility) 10 kG48.921.01.7-12.9 20
kG07.821. 91. 1- 9was assumed, therefore, that a 25 kGy dose would be sufficient to produce a

suitably sterile biosensor-based medical device, however no analysis of

microorganism concentration following the radiation-based sterilization was

conducted. Once apprised of the present disclosure, suitable radiation doses for

use in processes according to the present invention can be readily determined by

one skilled in the art without undue experimentation.

[0044] A Pd panel sample freshly coated with the biosensor reagent composition
of Table 1 was prepared. Table 2 below shows the effect of the dose of gamma
radiation on the activity of PQQ-GDH enzyme for each of the samples described

above.

Table 2: Effect of gamma radiation on activity of the PQQ-GDH enzyme coated
Palladium Panel samples.

Sample Type Radiation Recovered Coefficient of | % Change from
Exposure Time | Enzyme Activity | Variation % radiation free
(min.) (U/mL) (n=6) sample
Fresh sample N/A 23.6 34 N/A
Control sample N/A 24.1 1.5 N/A
(not irradiated
but shipped to
and from the
sterilization
facility)
10 kGy 48.9 21.0 1.7 -12.9
20 kGy 97.8 219 1.1 -9.1
30 kGy 146.7 20.6 2.0 -14.5
[0045] The data of Table 2 indicate a degradation of the biosensor reagent

composition’s enzyme activity following gamma radiation in comparison to

samples that were not subjected to gamma radiation. If desired, such an activity

12



30 kGy146.720.62.0- 14.5 [0045] The data of Table 2 indicate a degiafdatioens
of the biosensor reagent conposition's enzyne activity foll ow ng ganma
radiation in conparison to sanples that were not subjected to gamma
radiation. If desired, such an activity 12 23 June 2006 degradation (loss of
activity) can be inexpensively conpensated by depositing a reagent
conposition with an enzyne activity that is higher in proportion to the
expected | oss due to ganma radi ation sterilization. For exanple, for a 30
kGy gamma radiation dose, a reagent conposition with a 15% hi gher enzyne
activity could be enployed to conpensate for the expected 14.5% enzyne
activity-l1oss. EXAMPLE 2: Effect of Calibrating Bi osensor-based Mdi cal
Devices Before and After a Sterilization Step [0046] Fully assenbl ed and
ready-for-use glucose biosensor-based nmedical devices including the reagent
conposi tion of Tabrtadatiomfassgefl agtiziy) e beaddexpensiztlycromptosatédbydepbsitinga
opposed configurati on were.obtailned. Prior ta .radiation .
storilization, (FREEt sUPRon B an ke et RalE hiEfsT iy broPBrtinsodhpl es
contai ni ng pl asRR,&IA MY B todBHRERAE FHAGELALARLABAS FOf eBfnpid or arsg 1&%,0

ng/ dL, as neasured by a reference-instrunment nethod using a standard YSI

i nstrument ( cogaent @diayioadest,zblcagdnt compesiliomwihra Hfs highler enzyrfdactivity

calibration tests  included bl ood sanples with | ow mal and hi gh

hormt oot 1 eveFQuIEibeETbISY to cpsagentle 7o b hiprstestid S Hreague activil Toss.
respectively). [0047] The bi osensor reagent conposition calibration step
relies on collecting the response of nultiple devices to blood sanpl es of
known pl asma gl ucose concentration over a desired dynam c range (e.g., 20 -
600 ng/ dL) EXacMEDEr2®| Bffeci@f CahibratepBiosenstobased M ediedl O viiges Bedord\andiAfitéd zi ng
di fferences between the two glucose readings. ldeally, the bias between the
bl ood gl ucose c obt ai ned fromthe bi osensor-based nedica

device and fromthe glucose reference

[0046] - Fully assembled and ready-for-use glucose biosensor-based medical
devices including the reagent composition of Table 1 and gold and palladium
electrodes located in an opposed configuration were obtained. Prior to gamma
radiation sterilization, these devices were calibrated by testing with blood samples
containing plasma equivalent glucose concentrations of 30, 270 and 620 mg/dL,
as measured by a reference-instrument method using a standard YSI instrument
(commercially available from Yellow Springs, Ohio). The calibration tests
included blood samples with low, normal and high hematocrit levels (i.e., 20%,

42% and 70 % hematocrit levels, respectively).

[0047] The biosensor reagent composition calibration step relies on collecting the
response of multiple devices to blood samples of known plasma glucose
concentration over a desired dynamic range (e.g., 20 - 600 mg/dL) and correlating
the response to a reference method by minimizing differences between the two
glucose readings. Ideally, the bias between the blood glucose concentration
obtained from the biosensor-based medical device and from the glucose reference
method for all blood samples should be zero. However, depending on glucose
concentration and blood hematocrit, the bias can be non-zero (for example, up to -
+ 15 %). Typically, the following equation is obtained once a batch of biosensor-

based medical devices have been calibrated:

Glucoseyst = (Glucosesensor ) + b
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met hod for all blood sanples should be zero. However, depending on glucqgﬁ6
concentration and bl ood hematocrit, the bias can be non-zero (for- % A

up to 15 %9. Typically, the followi ng equation is obtained once a batch of
bi osensor- based nedi cal devices have been calibrated: d ucosey51 =

(d ucosesenor )a + b 13 23 June 2006 where: "d ucoseysi" is the glucose
concentration as determned by the YSI reference instrunent; "d ucosensor,"”
= glucose concentration as determ ned by a bi osensor-based nedical device;
"a" = a coefficient which brings sensor response in-line with glucose
concentration determ ned by the reference nethod; and "b" = an offset
(intercept) coefficient (observed, for exanple, when a glucose free bl ood
sanple is tested); the "b" coefficient an be either a positive or a

negative nunber. [0048] The calibration step descri bed above rendered the
foll owi ng values of coefficients: a = 0.6921 and b = 0.5854, when perforned
prior to a steriwhezati on step. Calibrated bi osensor-based nedi cal devices
were packaged into KAPAK pouches containing silica gel desiccant, sealed

and di vi ded i nt odiQdyse & ONREe glubdse SIn@biftFhtioR ak faetemﬁieaqg @b Vs 1GeRk Rl ed
tenperature and hum dj &y, YJronnent (1.e., - C and <10%rel ative

humidity), (ii) nent,c % steri h dose, and
(iv) sterilized ﬁ?‘t“% eZS‘dS‘){(PS,/ gdjogée ¢ %ﬂé?"alnn%s 435‘3 'P?\fﬁé)é Bf‘oosﬁ'bss%% Sef
bi osensor - based medi CAFdigRldPYiS e., groups [ii]- [ivV] mere shi pped to
the same steril i 2atiageeffl wnt.wfydabrmas SREPRIEEPONSE Ihling il thglugosai at i on .
exposure, a blood gl weneatratign dagsmnedihyrthe cefercoes miethpds and he sane  prot ocol
as in the cali brat Fan odfsep(intasiept) dokfficem ifobsbnedefdriexamptes when ia\edacdse drect he
blood sample is tested); the “b” coefficient an be either a positive or a
negative number.
[0048] The calibration step described above rendered the following values of
coefficients: a = 0.6921 and b = 0.5854, when performed prior to a sterilization
step. Calibrated biosensor-based medical devices were packaged into KAPAK
pouches containing silica gel desiccant, sealed and divided into four groups: (i)
stored in the package at a controlled temperature and humidity environment (i.e.,

20-25 °C and <10% relative humidity), (ii) shipment control, (iii) sterilized with
20 kGy dose, and (iv) sterilized with 25 kGy dose.

[0049] The last three groups of biosensor-based medical devices (i.e., groups [ii]-
[iv]) were shipped to the same sterilization facility as in Example 1. Following
radiation exposure, a blood glucose test was performed according to the same
protocol as in the calibration step, using the a and b coefficients derived from the
calibration step performed before sensor sterilization. Table 3 shows the averaged
response of biosensor-based medical devices tested with 20, 42 and 70 %
hematocrit blood at three glucose concentrations ('YSI values) and the bias of
averaged response in mg/dL for the low glucose concentration or in % for the

other two glucose concentrations.

Table 3: Response of glucose sensors sterilized at 20 and 25 kGy gamma
radiation using calibration coefficients obtained by performing a calibration prior
to sterilization (a = 0.6921, b = 0.5854); n = 18.
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calibration step perforned before sensor sterilization. Table 3 SQ%MﬁmE?EOG
averaged response of biosensor-based nedi cal devices tested with 20, and
70 % hematocrit blood at three glucose concentrations (YSI values) and the
bi as of averaged response in ng/dL for the | ow glucose concentration or in
% for the other two glucose concentrations. Table 3: Response of glucose
sensors sterilized at 20 and 25 kGy ganma radiation using calibration
coefficients obtained by performng a calibration prior to sterilization (a
= 0.6921, b = 0.5854); n = 18. 14 23 June 2006 CaseYSI d ucose Avg. Sensor
Bias to YSI (mdL)d ucose (mdL)(mdL or %9 20 kGy32.744.511.8

266. 3270. 51. 57 606. 0565. 8- 6.64 25 kGy32.745.112. 4 266. 3268. 30. 73

606. 0564. 2- 6. 90 Shi pment Control 32.728.1-4.56 266.3259.5- 2.56

606. 0571.0-5. 77 Stored in Controlled Fnvironnoent32. 727.5-5.18 266. 3264. 6-

0. 65 606. 0571. 11 €a%6 [ 0050] The data of TMBldGlmcosed| caAegtSemsor as| aBias teY¥SI
of sterilizatiop using gamm radiation, |a @ngdL)i cpGluqssijinRdL) s/, or %)
bias at |ow gluceggggoncentration Is 32.7 445 11.8
266.3 270.5 1.57
606.0 565.8 - 6.64
25 kGy 32.7 45.1 12.4
266.3 268.3 0.73
606.0 564.2 - 6.90
Shipment Control 32.7 28.1 - 4.56
266.3 259.5 -2.56
606.0 571.0 -5.77
Stored in Controlled Environment 32.7 27.5 -5.18
266.3 264.6 - 0.65
606.0 571.1 -5.76
[0050] The data of Table 3 indicate that, as an effect of sterilization using gamma

radiation, a significant positive response bias at low glucose concentration is
observed, rendering the biosensor-based medical devices relatively inaccurate at
the glucose level where determination of hypoglycemia is critical to the patient
treatment. On average, the YSI bias of devices irradiated at 20 and 25 kGy was
about 12 mg/dL at the low (30 mg/dL) glucose concentration, whereas the bias of

the shipping control and the sample stored in a controlled environment was only

about — 5 mg/dL.

[0051] Although no additional analysis has been performed, except for a
measurement of the device background response, a conjecture based on the
enzyme activity change reported in Example 1 is that the primary source of the
increase in response bias is the formation of potassium ferrocyanide from the

oxidized form of the mediator.

[0052] Next, the calibration procedure was performed following the gamma
radiation process to demonstrate that a biosensor-based medical device of
improved accuracy is obtained. Such a process sequence accounts for analytical

performance changes resulting from interaction of the gamma rays with the
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observed, rendering the biosensor-based nedi cal devices relatively

I naccurate at the glucose | evel where determ nation of hypoglycen?%HqQ?zoos
critical to the patient treatnment. On average, the YSI bias of devices
irradiated at 20 and 25 kGy was about 12 ng/dL at the |ow (30 ng/dL)

gl ucose concentration, whereas the bias of the shipping control and the
sanple stored in a controlled environnent was only about - 5 ng/dL. [0051]
Al t hough no additional analysis has been performed, except for a

measur enent of the device background response, a conjecture based on the
enzynme activity change reported in Exanple 1 is that the primary source of
the increase in response bias is the formation of potassium ferrocyanide
fromthe oxidized formof the nmediator. [0052] Next, the calibration
procedure was perforned foll owing the ganma radlatlon process to
denonstrate thabloaermoogwgsotrcobmdlqmdmsaiehu@mg:eb@senspnmagvmmnmy is

obt ai ned. Such a.process uence ccount tical r.f or mnce

changes resul ti ¥§ atnoarﬁcilﬁfee& RYNSE A 8f‘g?%%lbeaWhﬁ f@?g"% 1ALt ﬁgthf§y§t§m3 une
2006 bi osensor fe@Rgatel&w EBARIL tRE res gb&&% AVid¥REdr MA@ RARENESicds ARG re
conposition wth an accurate response throughout the whole dynam c range of‘

the system Tabdlbrdtedddlbawingnhagammahredinbwpstape of bi osensor-based nedi cal
devices that were calibrated follow ng the gama radi ation step. Table 4:
Response of glucose sensors irradiated at 20 and 25 kGy usi i ng calibration
coefficients derived followi ng radiation sterilization. 0.7885, b =

1.088 for the 2?@9& ﬂgé %eo 5085e§n50r5 Trac &%flfo In?cf2§ p&y u%mngy dosage;

n = 18. CaseYSI ucos
bration coe¥§cwnts IAenve owmg ra 1auon sterilization.

a =0.7885, b = 1.088 for the 20 kGy dosage; a = 0.7974, b = 1.1242 for the 25
kGy dosage; n = 18.

Case - YSI Glucose Avg. Sensor Bias to YSI
(mg/dL) Glucose (mg/dL) (mg/dL, or %)
20 kGy 32.7 32.9 0.18
266.3 - 275.8 - 3.56.
A 606.0 601.0 -0.82
25 kGy 32.7 32.9 0.27
266.3 274.4 3.02
606.0 603.4 -0.43
[0053] The results of Table 4 demonstrated a significant improvement in bias to

YSI in comparison to Table 3, especially at the lowest glucose concentration.
Thus, if the reagent calibration step is performed following radiation sterilization,
the response bias to the reference method is minimized because the calibration
parameters determined during calibration reflect (compensate) any changes in

biosensor reagent chemistry.

[0054] It is speculated, without being bound, that gamma rays cause formation of
ferrocyanide [Fe(CN)s] * from the biosensor reagent composition mediator |
[Fe(CN)g] . When a blood sample is tested on the biosensor-based medical
device, an increase in reduced mediator concentration is interpreted by the device
as additional glucose. In other words, gamma radiation of the biosensor-based

medical device is speculated to affect enzyme activity and/or integrity of the
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(mdL)d ucose (mdL)(md or % 20 kGy32.732.90.18 266. 3275. 83. 56 606, 80}H08-
0.82 25 kGy32.732.90. 27 266.3274.43. 02 606. 0603. 4- 0.43 [0053] The results
of Table 4 denonstrated a significant inprovenent in bias to YSI in
conparison to Table 3, especially at the | owest glucose concentration.
Thus, if the reagent calibration step is performed follow ng radiation
sterilization, the response bias to the reference nethod is mnim zed
because the calibration paraneters determ ned during calibration reflect
(conpensate) any changes in biosensor reagent chem stry. [0054] It is
specul ated, w thout being bound, that gamm rays cause formation of
ferrocyanide [Fe(CN)6] '4 fromthe biosensor reagent conposition nediator
[FeE(CN)6] -3. When a blood sanple is tested on the biosensor-based nedi cal
device, an increasge in reduced nedjiator concentration is int erlor eted by the
device as addi fPSHAHPT SEDTAURE Apsnttes Of PiRdugisthalpipmistaken! 4 deishtcgrastane
bi osensor - based i | VicGEtHl ‘.‘dlllll- ) [LVidy .
and/ or integri t?ngﬁgttﬁg{hfgﬁif%ﬂ%lhgcg@& n%gl{(ﬁ'gg?%%ﬁéggeﬁg%cau??%r%%‘g%ﬁrt |lttes of
product that ar durihganafdcyuriigs ioseedonbasad medital Yéwicdyyart eadiered st dnaus
conprom sing the device' s accur ac%., However, if during manufacturing
bi osensor - basedcthipEd | folevwingdde stealizationsten. dbe ¢ffecs of gdiatianyis cpmpenspted
foll owi ng the steri]i I .00 Wof sradi-ation 1S conpensat ed
for rendering ahﬁlréﬁe&mgc%@ gt}g CP%E%%@%%ngggg%gdrrngegillgaéldgglgéi ce. [0055] Since:
a major response shift is observed in the intercept portion of the
calibration follow n%.gamm radi ation, .the biosensor reagent conposition can
be [0055] ince a major response shift is observed in the intercept portion of the

calibration following gamma radiation, the biosensor reagent composition can be

calibrated in the last manufacturing step, thus avoiding costly clean room

assembly procedures. In summary, when a sterilization step is performed prior to

a calibration step, the bias seen in a process with the sequence reversed is not

present.

[0056] It should be understood that various alternatives to the embodiments of the
invention described herein may be employed in practicing the invention. It is
intended that the following claims define the scope of the invention and that
methods within the scope of these claims and their equivalents be covered

thereby.
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calibrated in the | ast manufacturing step, thus avoiding costly clgsg%ro§666
assenbly procedures. In summary, when a sterilization step is perfo F
prior to a calibration step, the bias seen in a process with the sequence
reversed is not present. [0056] It should be understood that various
alternatives to the enbodi nents of the invention described herein may be
enployed in practicing the invention. It is intended that the follow ng
clainms define the scope of the invention and that nethods within the scope
of these clains and their equival ents be covered thereby. 17 23 June 2006
CLAI M5 What is clainmed is: 1. A net had AIvS manufacturing a sterilized and
cal i brated bi osensor-based nedical device, the nmethod conprising:
sterilizing at |east one biosensor-based nedical device that includes a

bi osensor fBRAPRRILIREIROSI tion using a ganma radi ation-based sterilization
techni que, thereby creating at | east one sterilized biosensor-based nedi cal
device; and thereafter, calibrating the biosensor reagent conposition of the

at | east one EerllA E%Qfg§g§sggmﬁ§%§9m?q wher ei (ﬁlytlca

[
per formance of ft'he bi*dSEnsor P@a % fﬁﬁgﬁfdb“???%ﬂl%w

significantly ahmkgicgdievipenhexphsdcempisighma radlatlon durlng t he
sterilizing step. 2. The nethod of claiml, wherein the sterilizing step
utilizes a ganma r aHETEZIRg Rt desseonerbigsksoF-hasgd medicabdevese they inghu 4@@9 3. The

met hod of cl ai mylee %ﬁ@;ggnté ogvll&lt%p]hgh%?ggnﬁ%%ém%géeﬁst&h&rah izing a

bi osensor - based I cal devic sensor based reagent conposition
t hat technlque thereby creating at least one sterilized biosensor-based medical device;

and

thereafter, calibrating the biosensor reagent composition of the at least one
sterilized biosensor-based medical device

wherein analytical performance of the biosensor-based medical reagent
composition is significantly altered upon exposure to gamma radiation during the

sterilizing step.

2. The method of claim 1, wherein the sterilizing step utilizes a gamma

radiation dose in the range of 10 kGy to 30 kGy.

3. The method of claim 1, wherein the sterilizing step includes sterilizing a
biosensor-based medical device with a biosensor based reagent composition that

has an analyte specific enzyme and a mediator.

4. The method of claim 3, wherein the analyte specific enzyme includes

pyrroloquinoline quinone and the mediator includes ferricyanide.
5. The method of claim 1, wherein the sterilizing step includes sterilizing a

biosensor-based medical device comprising;:

a biosensor reagent composition that includes:
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has an anal yte specific enzyme and a nediator. 4. The nmethod of claim 3,
wherein the anal yte specific enzyne includes pyrrol oquinoline qui ﬂﬂ?%ﬁﬂ?s
t he 'nedi ator includes ferricyanide. 5. The nethod of claim1, wherein the
sterilizing step includes sterilizing a biosensor-based nedi cal device
conprising: a biosensor reagent conposition that includes: 18 23 June 2006
an anal yte specific enzyne; and a nediator; and an integrated |ancet. 6.
The nethod of claimb5, wherein the anal yte specific enzynme includes PQQ and
the nediator includes ferricyanide. 7. The nethod of claim1l further

conprising, prior to the gl &leB@icSh8me; bE sStep of: packaging the at
| east one bi osensor-based medical’ device. 8. The method of claim1, wherein
the sterilizing step sterdmediger;angl urality of bi osensor-based nedical

devices to create pluragit qf %{erilized, bi osensor-based nedi cal devices
: : an integrated lancet. ; g
and the calibrating step~utilizes a sanple of the plurality of sterilized,

bi osensor-based nedi cal devices. 9. A nethod for manufacturing a sterilized

and cal i brated biosensor-based. nedical device, the method conpri sing:
assenbl i ng a plral i ti¢ Bithed ef<dtigon Whgeaythaaem e sPyEls @eEme HgludenBRRde a

bi osensor reagepl (cORBGSHot iRMidePRTKEINAE the bi osensor-based medi cal
kaged bl

devi ces, thereby creating package bi osensor - based nedi cal devi ces;
sterilizing the packaged bi osensor-based nedi cal devices using a

radi ati on- based, st erf | 2L L o0 85 PhANE: coSt 8RS 881t R UG LY ©
step of:

packaging the at least one biosensor-based medical device.

8. The method of claim 1, wherein the sterilizing step sterilizes a plurality of
biosensor-based medical devices to create plurality of sterilized, biosensor-based
medical devices and the calibrating step utilizes a sample of the plurality of

sterilized, biosensor-based medical devices.

9. A method for manufacturing a sterilized and calibrated biosensor-based
medical device, the method comprising:

assembling a plurality of biosensor-based medical devices that include a
biosensor reagent composition;

packaging the biosensor-based medical devices, thereby creating packaged
biosensor-based medical devices;

sterilizing the packaged biosensor-based medical devices using a
radiation-based sterilization technique, thereby creating a plurality of sterilized,
packaged biosensor-based medical devices; and

thereafter, calibrating the biosensor reagent composition of the sterilized,
packaged biosensor-based medical devices

wherein analytical performance of the biosensor-based medical reagent
composition is significantly altered upon exposure to gamma radiation during the

sterilizing step.
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packaged bi osensor-based nedi cal devices; and thereafter, calibratb g ﬁJ@b 6
bi osensor reagent conposition of the sterilized, packaged bi 0sens6¥ S base
medi cal devi ces wherein anal ytical performance of the biosensor-based

nedi cal reagent conposition is significantly altered upon exposure to ganma
radi ation during the sterilizing step. 19 23 June 2006 10. The net hod of
claim9, wherein the sterilizing step utilizes a gamma radi ation dose in
the range of 10 kGy to 30 kGy. 11. The nethod of claim9, wherein the
sterilizing step includes sterilizing a biosensor-based nedical device with
a biosensor reagent conposition that includes an analyte specific enzyne

and a nediator._ 12. The thod aof clagim1l, wherein the analyte specific
enzyne incIudes“%pyfﬁHVB%E?¥8ﬁ#ﬂgl%dﬁﬁﬁﬁb&ﬁﬁW”ﬁHEgﬁ@BPHPﬁ?ai BMfdes
ferricyanide. 13diafibedeRtiNeE Bfgec®fad NG90 WRGEI N the calibrating step
utilizes a sanple of the sterﬁ i zed, packaged bi osensor-based nedi ca

devices. 14. The nethod of claim9, wherein the plurality of biosensor-based
medi cal devicesg, ar b Ly LNt € bi - medi cal
dovi cos. 15 Thet met FadefSEbLoint kPR e e SRRy sl BAAEL ™o

| ancet nedi cal bidevi@rebasal madied] deticoehkabiatnsbr ragsms oompasstach theedi cal devi ce.
16. The net hod of glain114 wherein the integrated bi osensor and | ancet

medi cal devi ce ?@h‘e%ﬂ%ﬁ@kﬁﬁ%?%ﬁBF%@EW§89? ¥ 'edi cal device. 20

12. The method of claim 11, wherein the analyte specific enzyme includes

pyrroloquinoline quinone and the mediator includes ferricyanide.

13. The method of claim 9, wherein the calibrating step utilizes a sample of

the sterilized, packaged biosensor-based medical devices.

14,  The method of claim 9, wherein the plurality of biosensor-based medical

devices are a plurality of integrated biosensor and lancet medical devices.

15. The method of claim 14, wherein the integrated biosensor and lancet

medical device is an electrochemical biosensor-based medical device.

16.  The method of claim 14, wherein the integrated biosensor and lancet

medical device is a photometric biosensor-based medical device.
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