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| 4 METHOD FOR MANUFACTURI NG A STERI LI ZED AND CALI BRATED BI OSENSOR- BASED
' MEDI CAL DEVI CE BACKGROUND OF THE | NVENTION [0001] 1. Field of the Invention
[0002] This invention relates, in general, to nethods for the manufacturing
of nedical devices and, in particular, to nethods for manufacturing
‘sterilized and calibrated nedical devices. [0003] 2. Description of the
Rel ated Art [0004] Radi ation-based sterilization of specific types of
medi cal devices is conmon and w despread today due to both favorable
economcs and reliability. Depending on the type of nedical device to be
sterilized, radiation-based sterilization can be acconplished using either
el ectromagnetic or particle radiation. lonizing radiation in the
el ectromagnetic spectrum (e.g., ganma [y), X- ray and el ectron radiation)

can produce bRIEFHOD ¢ &Yy faebtie phot.0 ener. |
characteristic ionizat ?&%@%@gaﬁﬁ %ﬁg}“ LIZE @é[&%ﬂﬂﬁn
detrinmental m croorgani smsB)l. noadar i FI" 5 zs{iEi positive and
negative ions that are created 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. [4005] Gamma radi ati on has been
commonly used to sterilize BACKGROUNBE OFTHE BNVENTR®S, i ncl udi ng conmon

hospital supplies such as plastic hypoderm c syringes and sutures. Ganma
radi ati on can successfully destroy detrinental mcroorgani sns w thout

I ncreasi ngg;om] 1 SPRRI GiLtHE %@Bﬁwe medi cal device undergoing

radi ati on-based sterrli1zation. herefore, radi ati on-based sterilization
that utiliK892hame This iavérion relatds] ivgenefatto akiicds 36t the MhahusdRiridg gat i on. "
A

medical devices and, in particular, to methods for manufacturing sterilized 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 electromagnetic 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



m ni mrum st andard dose of 25 kGy of radiation has been routinely used in
‘medical 1 device sterilization. This dose can provide a safety factor

equi valent to 10-6 inactivation of the nobst resistant m croorgani sns.
10046] Exposure to radiation-induced energy can alter chem cals, including
"water, by pronpting their ionization, deconposition and the production of
free radicals. |In 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). 100071 Ganma
sterilization could be considered appropriate for conplete destruction of
m crobial flora in biosensor-based nedical devices (e.g., disposable

gl ucose sensors WwWhi.¢ qby | gpci sampl e, trapsfer and gl ucose
concentration WE;\@EJ?‘%‘I% cor?_ggﬂ'eﬁ{? ‘Pﬁé ﬁar’sﬁr’?i?&dé ai‘*ﬁ&éb?%ﬂ‘”ﬁé&l"@%"_‘ el ce) .
However ster i || zahiRigh oPURIRES LS ARRSHiHRILARImdeYi ces cont ai ni ng
analyte specific reagents (1.e., blosensor reagent conpositions such as
anal yte specific enzynes and associ ated nedi ators) has not heretofore been

successf ul cl o the _fact that radiation can induce a detrinmental effect
on bi osensor gent XRRSBE toiradiationrducersnergineanaaltes £hermicals sincludingrwatke

bi osensor's chemgt i e .at e ons ur i use,.
10008 1 deal Iy, Ly GompRRE it nlA4h JoLAREH Pl SHPIRRE L0 o Fes Bicats o
assenbl ed and padk thgeptegmoed of bx yganh swoli fiee, radichle $5n S AN 6g et Gaad afd/or
sterilizing indi x]igaual copponents of the biosensor-based nedical device
fol | owed by asse VPQF%Y%& that ant a3 pridizing erederieg agintsarThasel agems cire
condi ti ons woul d SL kn the field, )
therefore, is a g}ltgrr%lqg&g i n%dfpﬂe]ﬁ%h\%w %taﬁgﬁgﬁ%ﬁj&g %ﬁ'ﬂﬁ“&‘&?‘&ﬁf‘ﬂg%h"mwals
bi osensor - based Kegi esdymbsyi ce t hat yi el ds a bi osensor-based

[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
specific 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
compositions. 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



medi cal device that is both sterile and accurately calibrated. In addition,
*the 2 nmethod should enable the sterilization of an assenbl ed and packaged
bi osensor- based nedi cal device. SUMVARY OF THE | NVENTI ON [ 0010]

Enbodi nents according to the present invention include nmethods for

manuf acturing a bi osensor-based nedi cal device that yields a

bi osensor-based nedical 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. [00111 A nethod for
manuf acturing a sterilized and calibrated bi osensor-based nedical device
(e.g., an integrated biosensor and | ancet nedi cal device) according to one
exenpl ary enbodi nent of the present invention includes sterilizing at |east

one bi osensor - basgslhs®sicudd esdyd ¢ sié?ﬁfzaﬂldl%%s@nﬂkﬂ’? &‘éﬁ’éktagg@gl%gé&lpspre-

conposi tion. The biosensor reagent conposition can Inc

anal yt e speci fi c besedlynedigaldleyiotedi at or. The sterilizing can be acconplished
usi ng, for exanple, a gamma radiation-based technique. Thereafter, the

bi osensor reagent conposition of the st eri i zed bi osensor - based nedi cal

device(s) is calibrated. [OOQQMIQ?@Q Wﬂ? ring a sterilized
and cal i brated bi osensor-based nedi cal deV| ce accor |Nhg t o anot her

exenpl ary enbodi nent of the present invention includes first assenbling
and packagi ﬂﬁ)ﬁ pl ura of bi osensor - aged medi cal devices that include
a bi osensor Wdlent ¢ PPF%‘ﬁaceﬂ‘i ing te dEEFe“bi"éf%@P@dPClBQ%évﬂ?ﬁ%lfeal

devices are t hennﬁh@fab!u'nﬁ d, l?lﬂﬁng&-l?asf:@ﬂi fcaP J?&Slﬁgl a)/lélgg %'b dséﬁ%(s%asegiased

technique, to create a pl of sterl |ze I 0S

medi cal devi ces. m‘éuteab@a‘vu@rthatmboﬂtﬂemlhlanedccamde]yaﬂﬁag&m Hhadaitivar theased

medi cal devices are ﬁal ill;)lr ated. The caljbration can be acconpli shed, for
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 radiaﬁon-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



3 exanple, using a statistical sanple of the sterilized, packaged

' bi osensor-based nedical devices. [0013] Processes according to exenplary
enbodi mrents of the present invention provide for the manufacturing of a
steril e biosensor-based nedical device in an inexpensive nmanner by

“avoi ding costs associated with assenbling previously sterilized

bi osensor-based nedi cal device conponents in a clean/sterile environnent.
Furthernore, highly accurate biosensor-based nedical devices result from
performng the sterilization step prior to the calibration step. BRIEF
DESCRI PTI ON OF DRAW NGS [0014] A better understanding of the features and
advant ages of the present invention will be obtained by reference to the
fol | ow ng detailed description that sets forth illustrative enbodinents,

which th Nxlafy t. d th
gcr:lcorr;)gnyl ng gigwﬁﬁ S Iaf(}ﬁa tisa%%rl%r%li}l (glﬁiSMIM&%E’P%@'&?P\PQ&PPEWW a

bi osensor - based e [dediees.ce (i.e., an electrochem cal biosensor-based
medi cal device) that can be utili zed in certain enbodi nents of present
i nvention; [00161 FI G 2 is a perspective view of another biosensor-based

nmedi cal devijg@E31(i . e., bi ose r- based nedj cal
devi ce) that[ cgrll( be lﬁrﬁcéégéecdqcﬁag@rﬁae??&éﬁ%gé&%éﬂ en nflﬁgpwggémennon

i nvention; [0017providk fcd thesmantdfaotarinBaf b sicrilldiBioketsbBasad %%&L%naswgé i PS
in a process accor di ng to one exenplary enbodi ment of the

i nvention; and PensTye mannerby aéfoiql’(!ﬁ\ﬁ‘?ﬂ*ﬁa&sﬁoqlmlﬁdlMﬂlaissmgblmgs;ﬂquenﬂg of
steps in a procegg lary e nt of .the present
i nvention. 4 DETAI EE%%%%B#P@HWEW é\? n%df@] cleaniiteriie o

accordi ng to exefptiemyneatbbaitherniose, Mgl acdirfie ®ifsehRdYBAtddMedical devices

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 (ie., 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.



n be enpl oyed to manufacture a variety of sterilized and accurately
ggllbratgg %losensor-based nmedi cal devices, including, but not limted to,
the integrated biosensor and | ancet npd|cal devi ces described in U S
Patent Application No. 10/143,399, which is fully incorporated herein by
“reference. [00201 FIGs. | and 2 illustrate an el ectrochem cal
bi osensor - based nedi cal device and a colorinetric/photonetric
bi osensor - based nedi cal device, respectively, that can, for exanple, be
manuf actured by processes according to exenplary enbodi nents of the present
i nvention. [0021] Referring to FIG 1, electrochem cal biosensor-based
medi cal device 100 includes a top el ectrode 102 and bottom el ectrode 104.
The top el ectrode 102 and the bottom el ectrode 104 are held together by an
adhesive | ayer (not shown). The adhesive |layer is adapted to provide a

reaction zone 106. Elec | cal device 100 al so
I ncl udes an integrated m Cf O- neeﬁﬁWﬁﬁf@ﬁggNU% a Iance';) ord
an integrated | ancet). [Ogg] F&l;rtherm)re el ec'{t)rochefr)n cal bi 0552ﬁo;; gse
medi cal devigpa9lL00 | Pebid@s aRedtifgaBER,mbR

r edox reageE\t c]cl)rrposmlon _r?o_t sﬁ% 1) plpg ggflﬂ O@ﬁlnﬁsogéct?%#“iw&"ﬂ%d
The bi osensor r eeayelt emplwedla manufatmresebatdt e df §t@nl:i€deern@%cwlak%fﬂfb9ﬁkﬁ
ool o) dur 1 ng. aProseRal e et devices s nLemuﬁeo%@an&&?mim ated
sanpl e) during amog 3}/ 'Fl 164 FB‘;%%:HE g ré osglrtlon »
bi osensor - based HEMI n.]tgﬁ)

d: sposed on top gilﬁggclﬁao%e 18§&a ratlasFﬁgs ‘]\C/)ﬁ§ 5 lpgsgﬁﬁﬁm catiersN 03 t
[00231 In the coHVi43B399,ivehichis ﬂEllﬁmdnrpd?@ﬁeﬂ@mcﬁi By tdfOdAcel04 is adapted to

serve as a counter/reference electrode, while top electrode 102 is adapted
to serve as a working electrode of an el ectrochem cal cell. However, in

other el ectjpggdlem cal FIdy. 93502 Ma8ARE Tn PREFGRemi&Y biBesiiP 4L, nrllécﬁ(’:aladggicc

depending on a vol tage o _ _ )
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.

Y

-[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).

[0022] 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.



sequence applied to the electrochemcal cell, the role of the top and

"bottom electrodes can be reversed such that bottom el ectrode 104 serves as

-

a working electrode, while top el ectrode 102 serves as a counter/reference
el ectrode. [0024] Suitabl e biosensor reagent conpositions for
el ectrochem cal biosensor- based nedi cal device 100 include, for exanple,
an enzyne and a redox active conponent (e.g., a nediator). Further details
related to el ectrochem cal biosensor-based nmedi cal device 100 are di scussed
in US. Patent Application No. U S. Patent Application No. 10/143, 399.
100251 FIG 2 illustrates a colorinetric/photonetric biosensor-based
nmedi cal device 200 that includes a support substrate 202 made of an inert
material, a nmatrix 204 for receiving a sanple, a biosensor reagent
conposition il rated) wthi trix 204 that typically includes
one or rmre“‘rﬂa23 ers O?E(&ﬂ% co&ﬁ@?ﬁ‘@“&ifg&tLé’ﬁ“@lﬂgﬁm"qﬁd@ﬂda} adpptodstoantvead a
top layer 206 (fatogmanRif&end cléétﬁiaépﬁﬁﬁglfo te‘?é)culo%}ﬁf%ﬁ%’é‘ ch covers at | east
c

matrix 204. In other enbodiments of a colorinetri ripgerve as a

bi osensor - based Wetkiogkleguodaef ant decttayienicaDéeIL aHoWwever, i%%h&@éﬂgjo@ erflical
menbr ane cont ai nb@gea behos nse%%rlea%ent conposi tion inpregnate t%erel n,
in which circuns? anceChBEFe m spvice pmbedimentsy and de@nding omaivolaigky

i ncl usi ve. Col or id@athdet, a ' robase i cal device 200

al so i ncl udes anwiﬁﬁt egr g?lelg& %{T@Fgge%gggﬁgﬁgﬁgel(laﬁ%&?g’? ‘08 apg bgldomm | ancet
or an integrat etledteadeern b¢ 6O262d Fudh tha Bottom EleOYodeN At seiek USh {(ﬂ% a
sequence of steps._in a cess 300 according to the present 1 nventioén for
nmanuf act uring a @?%’F‘%dﬁ g’éﬁe ipelecirods 142 servepisons eonnder/bfesade mastirodé. devi ce.
Process 300 includes the step of sterilizing at 6 | east one bi osensor-based
medi cal device (e.g., the nedical devices of FIG. 1 and 2 that include

i nt egr at ed [P8et s~ arSuitabbsEnsmser, reagent copesitiRAIL Bleb@bchRRical bioser,

colorinetric/ ph%tagc ljtnr‘ich S nsorl% 1o create at | east one sterilize
bi osensor - based edical device include, for example, an enzyme and a redox active

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

or-

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/photometrié 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 lop 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



medi cal device, as set forth in step 310. The bi osensor-based nedi cal
“device(s) sterilized in step 310 includes a biosensor reagent comnposition.
[ 0027] Once apprised of the present disclosure, one skilled in the art wll
recogni ze that the present invention can be enpl oyed during the

manuf acturing of a variety of biosensor-based nedi cal devices including,
but not limted to, Iintegrated biosensor and | ancet devices described in
U. S. Patent Application No. 10/143,399, which is hereby fully incorporated
by reference. [0028] Ganma sterilization can be considered appropriate for
the conplete destruction of harnful mcrobial flora in integrated

bi osensor and | ancet devices that conbine | ancing, sanple transfer and

gl ucose concentration measuring (biosensor) conponents in a single

integral di sposalpl,g Sevii; 1 evi ces Lcro-needle is adapted to
penetrate a subc utaaneoul?sﬁ%?lsé\p?%g‘g ?f}e%fcgi é%véfées‘sae'%'n%fi Glfdir’]caig%f@ Oirfacgol and
transfer the bl oadhadnqihde irtcgrited 14aRRhe biBnRre GL! BRARELIANICAShY area of
t he device for glucose concentration determ nation. Therefore, the mcro-

needl e nust be pfYQTimelric/phejomeisia seasarahidicréatmat IEB026§ stBritizablsiodMNBor-Based
particul arly bengfjcl : turin | osensor -based nedical device
that includes a ﬁllegg%ﬁé%{xg%’ 3%#§Rﬁw&gg‘ioﬂk? E'.oé‘?n,soﬁgi’%ég’é?ﬁlcal devisels) t i on

that includes ansterilizedtia sspeXiofinEluey BRs&136r @%é&ﬁic fn‘gugsiﬁﬁg.i ator) whose
anal ytical performance is altered upon exposure to radiation. For exanple,

t he anal ytical perfornmance of a biosensor reagent conposition that includes
PQQ based ose de a glucose specific enzyne) and.
ferricyani d@b@ nedi Q%('g% ?ﬂﬁ%gﬁﬁggﬁ I%Eﬁ"@fﬁ'isﬂg rﬁso'ﬁeﬁng“déFt‘%fr%“’W exposur e
to gamma radi at i recognizd BABGE pRéseni invémid | :

eTed MO st gttt gl Al b

suitable sterilization technique. However, as W
bel ow, processes? ¥y af bigsensorhesedimedjcal devioes imelutingobutt e liptiedas;

i nvention prove ; ' n. a radi.atjon- _based technique
(o g o gamma ragemberbBiidolafl hed deloR, d8Eftd s RilteAppiication No.
10/143,399, which is hereby fully incorporated 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 performance 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.



radi ation froma Co6 source and a dose of 10 to 30 kGy can, for exanple, be
“used in sterilization step 310. [0031] Next, the bi osensor reagent
conposition of the at | east one sterilized biosensor-based nedical device
is calibrated, as set forth in step 320. In order to avoid analytical

I naccuracies resulting fromchanges in the analytical performance of a
bi osensor reagent conposition due to sterilization step 310 (e.g., changes
in calibration coefficients due to exposure of the biosensor reagent
~conposition to gamma radiation), 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 biosensor-based nedical device are
conpensat ed. [0530) exanpPsRriligdaidPs \REA PR ' r-adj at.] qn-_based
sterilizati o[n te]chni gue can havelélggl(Zﬁlgl?l”%ggg%@gatm%%\lg{lh%q%ﬁa{%%q‘ﬂu&
performance of bidewaeass ay wibbendescobgubii deitaih&lmdqaprobmémﬁﬁn%tﬁadx&hﬁylar
specific enzyne aq?cf nedgﬁsor. However, by conducting a calibration sfep
subsequent to st@PPIJNERts o thepresent frveptien proye particulastyrusefvl gthea aradiatiome
calibration, thu h &k tely.calihr - hi ose r- based

nedi cal devi ce. ';s'bhaiSésH %‘B@k‘g? (é‘%bg gﬁggtr?%%ug'ghh%gq%%?ﬁug gfsae?ﬁ@%% f@f‘mf"t?r

i nt egrat ed bi oseradiatim ot aEd ‘salirce dadiadese vhH @ 30 kG 9 881) 961 exathple, bedled

el ectrochem cal cel] bi osensor3£¢ a calorimetric/photonetric biosensor)
and | ancet are fdBriCEHERYPHECRSYngle integrated bi osensor-based medical
device. [0033] FIG 4 is a flowchart illustrating a sequence of steps in a

process 400 according to the present invention for manufacturing a-
sterilized d6@B81dal i br d¥ex, thoibissenswredgastmbmyeditionl of dievitdeast Bi©QegEzeH00

i ncl udes the step.of assenbling. | uralit f bi osensor-based nedi cal
devi ces, as set ?’6?sfﬂsqr'ﬁ’a§?clalﬂ?cg'fgl.‘? 15 S‘i‘lﬁ’ééﬁg’cﬂsﬁﬁh b ipstepi20. deordesdo
assenbl ed in st epydibQnaRficEinddtiraiisieflifng RLASGISNsRAGE i Vinges
known to those skilled Pﬁl the art. Pr ocessg 400 1| s,gerSl ﬂlaﬁﬂzhfﬂrfoq&an&,
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 performing 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



however, particularly beneficial for manufacturing biosensor-based nedical
*devices wth a biosensor reagent conposition and an. integrated | ancet,
including those illustrated in FIGs. | and. 2. [0034] Assenbly of the

bi osensor - based nedi cal device can be acconplished using 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 nedical 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

I ndividually wapped devices in a card format package. (0036] The packaged
bi osensor-based nedi cal devices are then sterilized using a

radi ati on- based - tion t u create plurality of
sterilized, pack§ é]“ybol g’é‘&ﬁg%ﬂf%aé“sde@ ﬁ*&ﬁi@‘%{rceaeaﬁlseb@rthag stepid1PorTh i n step
430. In the ci rcmbmxﬁaaémemwedemc%sagrtﬁg%éaj@%?ep%ﬂ ﬁﬁ@gggygcg@' ncl ude

an integrated lancet, the sterilization I's a Ate a
sterile | ancet. bBoewbresed mediealeoivenkmwi aross sSKIDEDMhS D PRices 800 i,
sterilized, pack ed blose ?r-based nedi cal devices are calibrated, as
set forth in ste ‘ﬂﬁﬁ" pengdicial forgmanufactysag Sinsensenbased mmﬂrq:nisr tion

bat ch used t f based | d
need be used | 2?3%55”**‘%?;”&5?%%%%%5& seboRA R R 5 CaliR ey ipcliare

statistically sethost dhisgateplie FIGH. 1tand. 3t eri |l i zed, packaged bi osensor-based
nmedi cal devices can be calibrated versus a reference method. In this
manner, calibration information (e.g., calibration coefficients) can be

cconor o 0098t a1 ned L@ RTIONSG: 810 B3I IHS S0k Robba | °

sanple. 9 In addition, ration

clean/sterile rowing mqnsinllablernsseml’ilynﬁhnzqmﬂmUﬁﬂuthdsB‘éklﬁéé hf‘ﬁ)crﬁ?ﬂrl&ggidg i ng
cost. [0038] Prog:et\ss 400 8 a]t_]es a sterile biosensor-based nedical devi®
in an t Limited to, those described in U.S. Patent Application No. 10/143,399.

[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, cartndgc 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.



| nexpensi ve manner by avoiding costs associated with assenbling previously
sterilized conponents of a biosensor-based nedical device (e.g., a
previously sterilized |lancet and an el ectrochem cal test cell or
photonetric test strip) in a clean/sterile room Furthernore, by
"performng sterilization prior to calibration, a highly accurate

bi osensor-based nedi cal device is rendered. [0039] In both process 300 and
process 400, a sterilization step precedes a calibration step. This
particul ar sequential order of steps (i.e., a sterilization step prior to
a calibration step) enables the manufacturing of a sterilized and

cal i brated biosensor-based nedi cal device of high accuracy and range, as
denonstrated by Exanples 1 and 2 bel ow. EXAMPLE 1: Effect of Gamm

Radi ation on the me Activit f | osensor Reagent Conposition [0040
Pal | adi um ( Pd) sdﬁ@?é‘."&’&’ ﬂb%@‘e‘?epp‘g‘ws@se’abafcha?&r'bygmw dggldstlcrikz, roo[ﬁanog!a

Park, CA) were C%h@m()ﬂ@,tther@?)ghéiﬁﬂﬂﬁlysi‘ﬁ&%iaéihg%atﬂhfb%ﬁﬂﬁ] o gtﬁagent

conposi tion containing pyrroloquinoli"ne qui ndne-gl ucos ehydr ogenase (PQQ

GDH), pyrrol oqui noline quinone (PQQ, potassiumferricyanide, a buffer and

ot her corrpo?'ﬁgtsg as sg; fort&P]i n Table 1 bel ow. This biosensor reagent
conposi tion escri BEACesH AP greates astetile piosensor-hassrineediab dewoe inlgy 242, 951,

which is hereby fithbyndifCRLRRG m{ Q.Table 1: Bi osensor

Reagent Compositi on_b_Oorrponent \7‘%&%&? %gésﬁgﬁ)?éﬁ?tle_ gl%s &%RIEYIOUS y

(citraconate 66. Steriifed CorBENRAIsAF@DicSchssrcmed meaicdl device (c.g., a previously
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 quinope (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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Buf fer (buffer pH 6.8): D potassium 1.3344.247 Citraconate Wetting agent
“(0.066 %9: Pluronic 0.0670.213 P103 Detergent (0.0332 %: Pluronic
F870. 0330. 105 Enzyne stabilizer (1.7 mM: CaCl 20.0190. 0605 Stabilizer 75 niM
. Sucrose2.56738. 174 Enzynme Cofactor (484 M: PQQ.0160.051 Enzyne (240 M:
- PQQ CDH2. 6478. 428 Medi ator (750 mM): Potassium 24.69778. 635 Ferric anide
Total solids:31.407100.000 [0041] Dried Pd panels (size 6" by 1.5") coated
wi th the biosensor reagent conposition of Table 1 were packaged i n KAPAK
(M nneapolis, M) pouches (1 panel per pouch) with silica gel desiccant
and seal ed under argon (Ar). The pouched sanples were shipped to a
sterilization facility together with a pouched control sanmple (i.e., a
panel packaged in KPAK but that was not to be irradiated). A Ganmacell 220
(serial no. 254) was used to irradiate (i.e., sterilize using a
radi ati on-based techni que) the sanples. For this purpose, Co60 was used as
a source of gamma radiati erd.| j zatipn erfornmed at Johnson &
Johnson Sterilization Sci ce)?acbe'f&&ﬁ#é%ﬁ%&&ﬁgﬁ@%‘Wfﬁw ck, NJ). [0042]
Following sterilization with 10, 20 and 30 kGy doses of gamra radiation
(wi t hout openi ng the pouches)  the sanples re returned _and the PQQ GDH

activity assayed| Gomigpnent DCl P/ PES (DCl P =| Weight @@himr opttesulidsndpphenol
100 mL.
Buffer (citraconate 66.7 mM): 0.0273 0.0869
Citraconic acid
Buftfer (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). 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, NI).

{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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Sodi um salt, PES = phenazi ne ethosul fate) spectrophotonetric nethod

- di scl osed

gama radi ation is commonly used in nedical
that a 25 kGy dose woul d be sufficient to produce a
no anal ysi s of

assuned,

in U S Patent Application No. 10/242,951. 11 [00431 The 10, 20
and 30 kGy doses where chosen based on a belief that a 25 kGy dose of

t her ef or e,

suitably sterile biosensor-based nedi cal
m croorgani sm concentration follow ng the radi ati on-based sterilization was

conducted. Once apprised of the present disclosure,

doses for

readily determ ned by

experi men

reagent conposition
effect of the dose of gamm
for each of lm]sarrpl ep
radi ati on on activity
Sanpl e RpeRadictighpnEes

Ti meEnzynme ActivityVariation % a

sanpl es.

devi ce,

use in processes according to the present

tation.

[00441 A

Pd panel

R R G P i
o acahnbih Sk i FAYIS AR O

devi ce industry.

however

It

was

sui tabl e radi ati on

i nventi on can be

one skilled in the art w thout undue
sanple freshly coated with the bi osensor
of Table 1 was prepared. Table 2 bel ow shows the

radi ation on the activity of PQQ GDH enzyne
ffect of ga

e4d qajabeh

nmma
that a 25

ure
h

sanpl eN A23. 63. 4R35 26BiTRed thesefors, ehat A28, KGly dddeAviuld be isuffiribneteproliée $hi pped
to and fromthe %Eﬁéﬂ]l’ AT l%gsgn%grl-iﬁs%éf )medical device, however no analysis of

microorganism concentration following the radiation-based steritization was

[0044]

[0045]

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 skilied in the art without undue experimentation.

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 48.9 210 1.7 -129

20 kGy 97.8 219 11 -9.1

30 kGy 146.7 206 2.0 -14.5

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




| O k(48.921. 01.7-12.9 20 kGy97.821.91.1- 9.1 30 kGyl46.720.62.0- 14.5
*[0045) The data of Table 2 indicate a degradation of the biosensor reagent
conposition's enzynme activity foll owi ng gamma radiation in conparison to
sanpl es that were not subjected to gamma radiation. If desired, such an
*activity 12 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 gamma radiation sterilization.
For exanple, for a 30 kGy gamma radi ati on dose, a reagent conposition with
a 15% hi gher enzyne activity could be enployed to conpensate for the
expected 14.5% enzyne activity | oss. EXAMPLE 2: Effect of Calibrating

Bi osensor - based Medical Devices Before and After a Sterilization Ste
[0046] Fully assenbl ed and ready-for-use glucose biosensor-based nedical
devi ces incl udi nglegrislatier est ofaetipiiz) candre inéxpatively bompenGeddh 2 dehosigadi um
el ectrodes | ocated_ in an opposed.configuration were obtained. Prior tg
ganma  radi ati on 'SP&PH F‘?'?%‘Fﬁ?[b?ﬁ Wftﬁé‘gé’ ¢ agtvityehat i highpr itprapdryion dstheng

wi th bl ood sanpl ex L Qi [V, gl ugose concentrations of
30, 270 and 620 ngy d(ﬁ?mrogiH%gsﬁpgﬁggﬁl&%@ne@ég%ggg'iﬁ PR ‘ﬁ'eﬂmkgdsi ng
a standard YS| i ggmmmmdiatiofcoseyarreagent yorapasiticrbivith arigm Night ooz PRl R85

Chi o). The calibrat,j.qn teﬁts i ncl uded bl ood sanples with |l ow, horma a¥|d
hi gh” hemat ocri t Bulgke gmplayed 9gompensale (1 dherexpotsd Hdt5de eizynheactivity loss.
respectively). [0047] The bi osensor reagent conposition calibration step
relies on collecting the response of nmultiple devices to bl ood sanpl es of
known pl asma gl ucose concentration over a desired dynamic range (e.g., 20

- 600 ny/ dLEXaMPLErX: effitdtinf Catibeating Biosnsor thséd MAHRGEDESiIEERIRL: M After
mnimzing differ nCﬁS het ween the two

a Sterilization Step

[0046] Fully assembled and ready-for-use glucose biosens’or-baécd 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:

Glucoseys; = (Glucosegnso )* + b
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gl ucose readings. ldeally, the bias between the bl ood glucose concentration
*obtained fromthe bi osensor-based nedi cal device and fromthe gl ucose
reference nethod for all blood sanples should be zero. However, dependi ng
on glucose concentration and bl ood hematocrit, the bias can be non-zero
"(for exanmple, up to 15 % . Typically, the follow ng equation is obtained
once a batch of biosensor- based nedi cal devices have been cali brated:

G ucoseyst = (Q ucose,,,. ) + b 13 where: "d ucoseys," is the glucose
concentration as determ ned by the YSI reference instrunent; "d ucose,,""
= glucose concentration as determ ned by a biosensor-based nedical device;
"a" = a coefficient which brings sensor response in-line wth glucose
concentration determ ned by the reference nethod; and "b" = an offset
(intercept) coefficient (observed, for exanple, when a glucose free blood
sanple is tested); the "b" coefficient an be either a positive or a
negative nunber. Vbe88] The calibration step descri bed above rendered the
foll owi ng values of coefficients: = 0.6921 and b = 0.5854, when

performed prior tGlacesees lslthaglueﬂse &hﬁ&atra%h'a?ﬁéfeﬁﬂuﬁﬂ‘b?eiﬂévm l?@f@l%qce
medi cal devices were pagkagad: | nto KAPAK pouches contaihning silica gel

desi ccant, seal ede@ggbsgl vigle ]ﬁ h@cg trgﬁ&u{gsd tdridine tor msc':rfar-g @ackage

at a controll ed terrper y envi ronmnen and

<10%rel ative hum_di té/ ‘% \i';?ﬁnﬁ nt control, (i] |éﬂster| lized with 20

kGy dose, and (iv) st¥ 'F PL’Bgsk WSUJEPonpomaine wHh glucese ¢ hr ee

groups of bi osensor - baFé’@ﬁe"ﬁ’é‘HPE Setegrpined by the referenepmaibediand - [iv]) were

shi pped to the saie “seHfset @aicresnticgefficieny (ehseived Hoampireplt, when 4 glicag: free
blood sample is tested); the “b” coefficient an be either a positive or a
negative number.

[06048] 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 faciﬁty 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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radi ati on exposure, a blood glucose test was perfornmed according to the
sane protocol as in the calibration step, using the a and b coefficients
derived fromthe <calibration step perfornmed before sensor sterilization.
Tabl e 3 shows the averaged response of biosensor-based nedi cal devices
tested wth 20, 42 and 70 % hematocrit bl ood at three glucose
concentrations (YSI values) and the bias of averaged response in ng(dL for
the | ow gl ucose concentration or in %for the other two gl ucose
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 CaseYSlI d ucoseAMg Sensor Bias to YSI (mdL)d ucose (mdL)

(mg/dL, or % 20 4451182663270 7357 60605658 - 6 .64 25
kGy32.745.1 12. 4 %63268 3 0.73 606. 0564 XS Glusgses; Cgﬁ%gtswnrro 32Biaage &SI
- 4 56 266.3259. 5-—2.56 606 0571 0 - 5 77 S{mgidd)i n| Cducess|(mgidL) | (mg/dL, or %)
Envi ronment 32. 72728 kGy5. 18 266.3264.6 - 0/65 66 057(L. 1 - 54478 [005-1_%#1_8 |
data of Table 3 indicate that, as an effe¢t opesteri|izatigpsusing[gamy 57
radiation, a sigpificant positive responsg¢ bigs gl | pw gf GROZE 6'64
concentration is[5kGy 327 35 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.

[6052) 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 nedical devices relatively
"inaccurate at the glucose | evel where deternination of hypoglycenia is
critical to the patient treatnent. 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. [00511
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 perf. foll owing the . radiafjion process to
denonstrate that %g%ﬁ%%éﬁ%P?&gg%lmW%W%a [OSCRSRp 398t CRBPERitiey i s
obtai ned. Such a itlPG&EscCusRE HAPSRscABRABAGT thOtvhaRHyWihing ! ©
changes resulting frominteraction of ?he gama ra;s w%ngﬁgf%gsgﬁg'@‘ensor
reagent conposi t i ksfle 4 belewdwiniaies the gespohieaddrissensardagahme diealpdesides €fat waird h
an accurate response r hout.. t he whol e dynam c range of the system ‘
Tabl e 4 bel ow co%?ﬁ?‘ﬁéﬁgtfﬁﬂ%wbﬁgw fB&’SEéh%‘BP‘- based nedical devices that
were calibrated followi ng the gamma radi ati on step. Table 4: Response of
gl ucose sensors irradiated at 20 and 25 kGy using calibration coefficients
erive ollowng radiation sterilization. a = 0.7885, = 1. or the
derived follow ng radiati ili [ 0.7885, b 088 f he 20

kGy dosage; a = (aleA4 Rebponst of giizofesensdre irdddliatk@yit ZPSROES kGy wsih. CaseYS|
G ucose Avg. Sensalibriti@scdedfioi®hts derived following radiation 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 32.7 329 0.18
266.3 - 275.8 356
606.0 601.0 - 0.82
25 kGy 32.7 32.9 0.27
266.3 2744 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 éhanges 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)¢] . 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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(nn dL)Qd ucose (ng/dL)(md or % 20 kGy32.732.90.18 266.3 .275.83. 56

' 606. 0601. 0- 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 gl ucose
concentration. Thus, if the reagent calibration step is perforned
follow ng radiation sterilization, the response bias to the reference

met hod is mnimzed because the calibration paraneters determ ned during
calibration reflect (conpensate) any changes in biosensor reagent

chem stry. [0054] It is specul ated, without being bound, that gamm rays
cause formation of ferrocyanide [Fe(CN)6] 4 fromthe biosensor reagent
conposition nediator [Fe(CN)61-3. Wien a blood sanple is tested on the

bi osensor - based nedj.cal device, an_jncrease in reduced nediator
concentration is MHUPHEEPERLIRY quHUIKEE Of pdueighatdae migtakdnlyeiededas am ot her

wor ds, gamma radi gt the. hi - hased di.cal device,js specul at ed
to affegt enzymeag%:l;y %\r)l)’to @eéfr%gﬁgﬁt%?%?%gho?@s%g thedevIes Sy | od\é"r’fg?’é ing

quantities of praddtag rﬁdmafao&frﬁxgﬁiéésﬁhk@r%aéedjﬁieﬂﬁzhleﬂ%ﬁéesaa& ir?daﬁitéé& frsPind N€
devi ce, thus conprom sing the device's accuracy. However, if uring

manuf act uri ng bi 63léMasd-fplewingthel sietilizationi staps theroffeict ofwiiiation i compenased
calibrated follow he sterilizati Ste the,effect .of radiation is
conpensated for %rggrd‘ieﬂw @ghiywagegtw:}eggg-%s ‘gﬂﬁglﬁa}ﬁ%‘g@d nedi cal

device. [0055] Since a major response shift is observed in the intercept

portion of the ~calibration follow ng gamma radiation, the biosensor
reagent conff¥$61i on c&indse 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 last manufacturing step, thus avoiding costly clean room
assenbly procedures. In summary, when a sterilization step is perforned
prior to a calibration step, the bias seen in a process with the sequence
reversed is not present. [00561 It should be understood that various
alternatives to the enbodi nents of the invention described herein may be
enpl oyed 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 CLAI M5 Wat
is clained is: 1. A nethod for manufacturing a sterilized and calibrated

bi osensor-based nedical device, the nethod conprising: sterilizing at

| east one bi osensor-based nedi cal device that includes a biosensor reagent
conposition, thereby creating at | east gne sterilized bi osensor- based

medi cal device; and thereafter, calibra@Pﬁ&“ﬁhe bi osensor reagent
conposition of the at | east one sterilized biosensor-based nedi cal device.
2. The nethod of claim1l, wherein the sterilizing step utilizes a

radi ati on- Bebkatds slhismed iszati on techni que. 3. The nethod of claim 2, wherein
the sterilizing step utilizes a gamma radi ati on-based sterilization
technique. 4. The nethod of claim3, wherein the sterilizing step utilizes
a ganma  radiati gn dosge. J.f.L of. 10 . to 3 : . The net hod of
cl gi m 1, wherei nq"[ he Z’tredre ﬁqd}z}lﬁ hé’%g gulﬂ,qg|3L§E€%lzgt?gp$p%i%§ﬂagglosensor—based

bi osensor - based medicabdevdes;ithemeibiod camprigingnsor based reagent conposition

t hat '

sterilizing at ieast one biosensor-based medical device that includes a
biosensor reagent composition, 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.

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

based sterilization technique.

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

radiation-based sterilization technique.

4. The method of claim 3, wherein the sterilizing step utilizes a gagmma

radiation dose in the range of 10 kGy to 30 kGy.
5. 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.

6. The method of claim 5, wherein the analyte specific enzyme includes PQQ

and the mediator includes ferricyanide.

7. The method of claim 1, wherein the sterilizing step includes sterilizing a

biosensor-based medical device comprising:
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has an anal yte specific enzyme and a nediator. 6. The nmethod of claimb5,
wherein the anal yte specific enzyne includes PQQ and the nediator includes
ferricyanide. 7. The nethod of claiml1l, wherein the sterilizing step

i ncludes sterilizing a hiosensor-based nedi cal device conprising: 18 a

bi osensor reagent conposition that includes: an analyte specific enzyne;
and a nediator; and an integrated |ancet. 8. The nethod of claim?7,
wherein the anal yte specific enzyne includes PQQ and the nediator includes
ferricyanide. 9. The nethod of claim1 further conprising, prior to the
sterilizing step, the step of: packaging the at | east one bi osensor-based
medi cal device. 10. The nethod of claim 1, wherein the biosensor-based

medi cal device includes a reagent conposition whose anal ytical performance
is significantly altered upon exposure to radiation. 11. The nethod of
claim1, wherein the sttdosensarroggent egmpdsition ihaEmcRdps:ural ity of

bi osensor-based nedi cal devices to create plurality of sterilized,

bi osensor - based medi cal de¥t aradytgspedificenzyame; pndi ng step utilizes a sanple
of the plurality of steril%ﬁﬁgﬁm?}%% nsor - based nedi cal devices. 12. A

met hod for manufacturing a sterili’zed and cal i brated bi osensor-based

medi cal device, the nehlhadgramddanet.ng: assenbling a plurality of

bi osensor-based nedi cal devices that include a biosensor reagent
conposition; packaging the biosensor-based nedi cal devices, thereby
creating packageg The method of claim 7, wherein the analyte specific enzyme includes PQQ

and the mediator includes ferricyanide.

9. The method of claim 1 further comprising, prior to the sterilizing step, the
step of:

packaging the at least one biosensor-based medical device.

10. The method of claim 1, wherein the biosensor-based medical device
includes a reagent composition whose analytical performance is significantly

altered upon exposure to radiation.

11.  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 sterilizing step utilizes a sample of the plurality of

sterilized, biosensor-based medical devices.

12. 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
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bi osensor-based nedi cal devices; sterilizing the packaged bi osensor-based
medi cal devices using a radiation-based sterilization technique, thereby
creating a plurality of sterilized, packaged bi osensor-based nedi cal
devices; and 19 thereafter, calibrating the biosensor reagent conposition
of the sterilized, packaged bi osensor-based nedical devices. 13. The

met hod of claim 12, wherein the sterilizing step utilizes a gama

radi ati on dose in the range of 10 kGy to 30 kGy. 14. The nethod of claim
12, wherein the sterilizing step includes sterilizing a biosensor-based
medi cal device with a biosensor reagent conposition that includes an
anal yte specific enzyne and a nediator. 15. The nethod of claim 14, wherein
the anal yte specific enzynme includes PQQ and the nedi ator includes
ferricyanide. 16. The nethod of claim 12, wherein the calibrating step

utilizes a sanple of thaeafi¢recalitirattich the dedsamsenl rdigenedriosRned thedt§fed
y of ’

devices. 17. The method of claim 12, wherein the pluralit
bi osensor - based rRdaKagsd bigsensosdased medicyideviges.t y of i ntegrated bi osensor
and | ancet nedical devices. 18. The nethod of claim 17, wherein the

i ntegrated biosensor and | ancet nedical device is an el ectrochem cal

bi osensor - based nédi cahedrath6d of di9im Thewhatinade gEriﬁlzﬁah@leFulil%@é gafinfane
i ntegrated bi osensgr and | ancet medical device is a photonetric
bi osensor - based ArHintien dasedn the rapge of 10 kGy to 30 kGy.

14. The method of claim 12, wherein the sterilizing step includes sterilizing a
biosensor-based medical device with a biosensor reagent composition that

includes an analyte specific enzyme and a mediator.

15. The method of claim 14, wherein the analyte specific enzyme includes

PQQ and the mediator includes ferricyanide.

16.  The method of claim 12, wherein the calibrating step utilizes a sample of

the sterilized, packaged biosensor-based medical devices.

17.  The method of claim 12, wherein the plurality of biosensor-based medical

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

18. The method of claim 17, wherein the integrated biosensor and lancet

medical device is an electrochemical biosensor-based medical device.

19.  The method of claim 17, wherein the integrated biosensor and lancet

medical device is a photometric biosensor-based medical device.
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