;; e3el1\jr86nT=200201691- 3 FI ELD OF THE | NVENTI ON gl'(gsgg\gen]t Bog P]el-aBes
generally to devices and nethods for identifying th r ncmj anﬁl ’
nonitoring the activity, of a particular mcroorganism incl pné Balﬂﬂ%ri a,
in a sanple. Mire specifically, this invention is associated with a device
and net hods based on the use of opti cal f1i bers applied to the detection,
“identification, and nonitoring of a partfi'cular m croorgani sm )

group of mcroorganisns in a sanple including an envi ronrrentaﬂﬂl“lmmmmﬂmllllm
industrial-or humanderived sanpl e. BACKGROUND OF THE | NVENTI ON Thgyg,s0s

i sol ation and identificati onSENSQR SHISHEMANDMEIHQRRI sns present in a

sanpl e has | ong been of great inportance in a w de range of si

t yat i ons e
fields in which the need for such procedures may arise incl udj“lmum&mmn”

di agnosis and treatnent, mlitary applications (e.g. biologic
security agencje aqricul ture, food processing and water quali ty*Goooo2*
assessnent ﬁﬁh%ﬁﬁtﬂ& ]NVENTH@NH el d of nedical diagnosis and treatnent of
both people and animals, tine may be of the essence in detecting and
characterising a mcroorganismin order to facilitate appropriate

chenot her afdis iinvemtian relatesrgendrally ter devieey and anethirisafore dentdyiagt the
application of a rapid and rel a@‘i@velty .fhez?p test for determning.the .
presence ofPT&PRN%Soraith Mepitorngd el e £ %Q@ir%‘flﬂﬂrcg?'c'@?ég%'}'éﬁgl'BCIHF“%Ch
a situati Olbagidriedn BlsanfifieC MErePdpetificttly CHAC fiventivh M1Bssotiatdliwith Hidiibe S 2
predi sposing factor to the devel opnent of dental caries. Earl

i denti fi catanan methiods chasehtomdbe | esal afoopticalgfibéiscappliddctedbe detectionh
and gum di sease. Iraditionally m croorgani sns._such as bacteri.a have bee
dent 1 11 ed 95 GafioRh-angh Mantofing g Bateulal migraordamism A apseics 87 giqup of
recently i merSGIgaAsnTdIth BUSaRbfe #1dIGdiRGOALBnVIFBhiiENtAID, IRUEaTdIDdrTIAAHARES
the deposition of a sanple onto a -2 Suitable culture nedium such as an
agar pl at e derived sampl@iat i on of sanple and nmediumis incubated in a suitable
environment and after a period of tinme such as 24 - 48 hours, col onies may
be harvested and subjected to identifying tests. If m xed col oni es of
bacteri a alBAQCKGROUNDOF PTHEINVENTIONt O resanple the growt h and repeat
the process to obtain separate col onies of individual bacteria.
Identification has typically required subjecting the cells fromthe

cul tured cehNofaRoR AAdlbe c%tiﬁﬁ%"f%E%'n%r@grpfc?%r?anigﬁ?ssﬁre%ﬁf A Qéﬁ’@ecal
techni ques often require optinmum specinen quality o ensure an accurate
anal yti cal hasslohy. bdére ot greatr iemportareningaesiderrangesafi situationsqubhe tigtds/ n

and are therefore diffjcult for nonjtoring bacterial, activity.. .
quanti tat i WNgh taciead AT sugh profedures Ay 2rseqhelideamedical Yignasis and n
choosing a At eniti S il Of i i o} i

mor phol ogi Ezﬁ%g@é@f m‘g?ﬁla?/%@dt% %fgérbnlle)gglfﬂy@ra ?@a?ﬁcgﬁ%?rg? %gélﬁ(iggis'(js,
pol ysaccharagieyltaied faodbpricessingtand wates qualitytasseasmient agd sentrely ani the field

outer ot | (S RiERESSN Bod Ferfhefroti SRRl SR dhiaRahEchay bRk M o
tests in megsehee Ghodbtectisy enePoRavactdridifg ™ nicdrgamisieim ofdemts fauikitate

establ i shed from past m crobi ol ogi cal studies identifying specific
bi ocheni calappsepfiaten shemetherapeulip dotasveationyr olipgreoarerinaaiyy el didances

the basis oFTqieate PRI, B e b Breb Eeid sy RO ety Remfly ¥ T
char act er i regersdecef Ricradhahisras isay Mé of geyatl agstdahes: hOmeogyampleraf such a

sophi sticated procedures such as fluorescent techni 8ues and nucl ei.c acid
i denti fi catSIbRtIQRy riges dnpthe, caseaof i Slienfocaacus adtans iy salivavhiclhy g A
interest i Wi i f ' j ' rigdaRndi ian ARr ds
thi o ond, PeedRpBRERELdr RN oghSROSFaL AP bae! BeRRidaRton ane

Tr ansf er | rifeadmedt (iay 18xd $p acigrificanidearshsel indoethcanttgumadisehseechni ques.
The former techni que works on the principle of obtaining conplex finger
prints from bacterial strains based on constituents of the cell wall. The
latter - 3raagiomafiy fnickddrgahisnsCEREIPYS BAdtEFiS HavBDb&s P idRinifisarie ifethods
moni tor bacterial activity” The FTIR techniques rely on al gorithns and
spectral anuehighi inclusee cet nguliusec orictagsopy apddners cepertlpimmumeassgy and

identify b dal. i ns. i equir t 0 ecl S
(af ter contisiit 2oibhiobes” Hitlhg BAgeia edliidsite denaiiBodtrd Ry PREHE
technique is conplex, tinme consum ng and cannot be used directly on a
patient. A fluorescence based technique is very specific for a bacterial
reaction but requires an extended preparatory and characterisation phase
before the application of the sensor to the identification of a bacteri al
strain. Application of these methods may be difficult, expensive, tine

I T 1




‘US Patent No. 6,256,522 to Schultz discloses a sensor for continuous
nmonitoring of biochemcals and a related nmethod. The disclosure relates to
a sensor capsul e having a processi ng chanber defined by a wall which all ows
t he passage of an analyte. Material capable of interacting with the anal yte
is contained in the chanber. A light sourge, which nay be an optical fibre,
"causes light to inpinge on a translucent portion of the chanber. Responsive
fluorescent light is generated and emtted and nmay be processed to
-determ ne concentration of an analyte. The disclosure does not describe an
easy and efSudlable,euligrervediuon sueh aisnamiaggr plate pridise aembivationnofcsaroplgaand m

corpl ox, - solRFf 1 EkBEisE 1o A e RBP Ror e EBE e S oG BLKE duch as
advant ageou 4@ houis]eotortles ehaybe Iedriestedvandretibjedtenf tol Riemtifding nestsheaf
presence of,, and nonitor, mcroorgani sns such as bacteria and preferably

i dent i fyi ngNiXed GRlRIBS of bastesia aje arpwd ibMayi ke HEEewsANY 1o resrRmplerthedrewth o

any prior i i L i i : .aken as, an
acknow edg?r{éﬁr?tllégre tag{nh% I?@r%%%wg{a{gaggg ’?%'Jral@ ﬁ%llp H%ﬁﬁ%‘ﬁgp 82?%&?%33'% part of
t he common general know edge in any country. SUVMMARY OF THE | NVENTI ON
Throughout this, specificatjon, unless the context requires otherw se, the
wor d ~comprAERTICENPN s tpIcal redhifPhsUblEeHTS heecellsdrom domstituiaseolony 9 be
under st 0ood dra bFRIof Ldi6lisiad f @él?ég di etk P
of elenments or int egtgpgréb&ufhénl@?qt tg e&c%&?ﬁﬁoﬁk nylg)?ﬂzaﬁrla% ererg?\'tq rggmﬂé‘

i nt eger or aptivwmcipesiner guality toi ensgeran adouratecamalytical aestibudhesée cueredt not
be the only_or .indeed the broadest for. t he inyention resi in_a.sensor
For  sensi nieaininlS e, mo5M, SEC 5lialiBhYS .oaf aiF Hictarcih. ffeuif Fos Mafingring

bi ochem calpztérialtaetivity qguanttad@gani sm said sensor conprising: at |east
one fibre optic nenber having at” | east one unclad portion; -5 a coating
applied to the at | east one unclad portion; a precursor associated with the

whor el .t rRstBHREBIatuge AL o BCG0Bie4pl sanSBRtaRup il choBRg Bl Rpriate
det ect abl e testl c@eliwdlls éfBadteria May coprideaRrsd bhorbrhélopidéﬂl?(b’éﬁﬂébq &my be
a prokaryote or eukaryote. A eukaryote includes a mammalian cell including

a human celThe gutermast layemaiayceonsistiuehlipigs apolysaecharidgs ang dusteing.uddis or
anoebi c celL, aYe ' o | f ad e

gener a and/lé¥eﬁ%§ﬁlﬁ)@§%§g gg{éﬁ &% géhyﬁ'ﬁé%ﬁ%lfg&ﬁ ggéﬂ[’nﬁg%ﬁ@& t’ ﬁ(&atjeh ?b?reh%o ':[air%
menber is [pasitiveabagtesiadack dhismutemost laper thebetsy ppovidingethibesasis jornawve oft
plurality of unclad portions. The plurality of unclad portions may be

cont i guous,tkgﬁﬁ%%guﬁga@ee%sﬁém G&fe OOVt wo. The sensor may conprise two
or nore separate fibre optic nenbers. The separate optic fibres nay be
substantially parallel. Preferably the at | east one fibre optic nenber has
a first endavelopmento of eikeintificatight nmetboda haghbeeouestablighedtfromagpasbne

fibre optic _nenber may have a .secopd outl et.end adapted to co-operate with
bnal ysi o nBopiodEt afidies 1BERG Apesinc RiodisiRicD b8afidhs il sontd
det ect abl e dgudignioPrgrolips &f miGedFgaismb! @irsﬁlagpt TheBBN&SEcifi@nidfodrgafReh i N
a "Y' shaped configuration including three ends, a first end adapted to
recei ve | i gnediteghbipchegtiealJeaetians %f@ébgrhﬁstﬁnﬂf tsadiponaliyt pragtisesh atofy t h
anal ysi s K copi cal |

ot ot abl o MRS BRIV 0F BB IS taaiEe RESHERE PP ohT Ve
reflective end | ocated on the equival ent and the declad portion of the

| ower nost armof the "Y' shape. The coati.ng is preferabl lass film
Sui tably t h\gﬁ'gl %L‘_é%'v'ﬂgl Pﬁqhé‘o_lﬂﬁ%h 'BBE%é@PBﬁHC dep'p %@@.Ub?%@gl'Pgogs %H?"Qﬁ?e"t

| oD | i Sec‘gl@?ﬁiﬁbgs%‘ﬁ% r‘ftilf’l‘éi*;r&id ﬂetn‘ﬁﬁEéﬁdﬁ’ﬁéVe Qfs?@é’éﬁ £9BBlitNed. "FhBFERAS SOT
may be i mmobili'sed on a surface of the coating. The precursor nay conprise
one or nor ealefays- ieem taolgreadr imbéresic irsinapid nidentifieation of disease related

microorganisms. Towards this end, researchers have applied optical techniques

such as Fourier Transfer Infrared (FTIR) spectroscopy and fluorescence-based
techniques. The former technique works on the principle of obtaining complex
finger prints from bacterial strains based on constituents of the cell wall. The latter



-6 blue, sucrose or other suitable conpound. The precursor may be sel ected
to identify the presence of . a single mcroorgani smspecies or, perhaps,
variety. Alternatively, the precursor may be selected to identify two or
nore m croorgani smspecies or varieties or a group thereof. Mst preferably
the precursor is selected to identify one, or nore bacteria. Transformation

“of the precursor may produce the spectroscopically detectable indicator
directly. Alternatively, transformation of the precursor may result in a
product which cooperates with one or nore adjunctive conpounds to produce
t he spect r deebpiaugl typicaitve empioys ifluoreseing . protyincmaskerspla aneRiterebactesisl o

may i ncl ud?a&mtgggtrggl E?Fﬁ%gﬁhﬁueﬂ‘@f %%CE[?%?&RHSCQEH ys@@@.{eecgf'aqtﬁpélgﬁi? that .,

i ndicator i's pr substantT a orne*1n a zoné vanesc

waves adj acompare eorraghted speétroscopic patiepns toftientifyobactefiatl Berabis. | g
one uncl ad region. The ectroscopi cally detectable jndicator, my, in

oper ati on, 'Bethod rgquigs dee yye of SRLspesimensda e(/\ﬁ%i@"ﬁ‘jnh%?tmgc'ﬂrﬁfy Q¥eR)der ¢ he
i nvention rgesj ' S5, ; isSESML I s

associ at ed é/?\nﬁthﬁﬁf'r abﬁgggﬁﬁat [ 6#‘?‘%?&@{%@%“ sorblgg’ l(?)ﬁr?g c(;%?@Pmr € ahd BeRhbYbe

m cr oor ganiusesl, disedtly ey st patiendnA fluoregcencée ibased dechnique ib eenhspecific for a

| east one ynclad portion of optic fibre; a coating applied,to the at ] east
one. uncl ad TRseTahTeaE . Bt S89uies aft Sriedat hratsaREu S chatrdeRsalich sor
transf or maliiasBybetbrd fSaplicatioh of Y Semior b tRe diehtificalidn 604 bagteraBirsm. L ©
co-operate with a first end of the fibre optic menber; nonitoring neans
adapt ed t o Applisationtef these methadscmay bediffioultt expensive, timei consiming and

signal s vhepeldord RAINGI B845138 181 e RigoU sor By the one or more

US Application No. 5,496,700 to Ligler et al describes an optical immunoassay for
microbial analytes using non-specific dyes. Microorganisms in a sample are all
stained using a non-specific dye. The stained sample is placed in contact with an
optical wave guide which is coated with a capture molecule. A sample suspected
of containing a microbial analyte is mixed with a dye and then exposed to the solid
support material which has an attached capture molecule specific for the
suspected microbial analyte. In the preferred embodiment of the invention, the
dye is fluorescent. Fluorescent emission technology utilises the ability of some
compounds to absorb light of a particular wave length and emit light of a different
specific wave length. The use of such methods usually requires considerable
preparation time and cost in production.

Ligler's method relies on the fixation of a capture molecule to the wave guide
device. In use a positive test will result from formation of a complex including a
dye, the microbial analyte and the capture molecule. This test therefore
necessitates an initial dying step and the production of an analyte specific capture
molecule which must be placed on the wave guide. The steps are relatively
complex and sophisticated and require the foundation step of producing an analyte
specific capture molecule and fixing it to the wave guide. The method and device
is unlikely to be of particular use in vivo.



produces the indicator signal. -7 In a third aspect the invention resides
in a nethod of producing a sensor, said nethod conprising the steps of:

decl addi ng one or nore sections of a core of a fibre optic nenber; applying
a coating to the one or nore sections, said coating inmobilising a
precursor to a spectroscopically detectable indicator, the precursor
*transfornable to the detectable indicatoﬂ'by t he act|V|ty of one or nore

m croorgani snms. In a fourth aspect the invention resides in a nethod of
identifying the presence of at |east one type of m croorganism the nethod
conpri si ng UShPatendNo.ad 256;&22vtat$¢ngltz disg/oses asensor forceondineoas imenitoring

rel ati onshi to,a f.irst oy in described: nonitoring the
el ect _ronagl‘?gploehgm'cﬂﬁta r%Fﬁ ate? ﬂﬁ’ uﬂ&?a f‘? 5$]a{q SOA PALATFPSUIRs or
wWithits caaw@,atméb@éklﬁgr%hamberme%eaa@y aWaINwhiGRENORS tAE harBAYY Of 2 t he
el ectromagnetlc output to determ ne the presence of the at | east One type

of m croor §aAlyden eriar Cﬂ@ablﬁeOfell‘ééltaoélﬂﬂgW6h|ﬂfleoaﬂpiyte ycondaipedsis the

ol ect r omag queeb Ao SayRe, Wigh e R CBharuRd, Pilbser it e ireinag o
out put is eoiransiueéntt portivalofahe ahantberndRe$pdrivive fluosmscehd light iBogdrieraterinsor
may i nclude imersing the sensor in a l '&e' d sanple. Locating the sensor

may al t er n@hdhamiftegrand mande piocessrd 19 & HQ'Q@\@W@HOBQW@FGWE The
disclosure does not describe an easy and effective method for determining the

presence of a microorganism such as a type of bacteria, in a sample and relates to
a relatively complex, sophisticated and costly piece of equipment.

It would be advantageous to provide a quick and effective method of determining
the presence of, and monitor, microorganisms such as bacteria and preferably
identifying the group, species or type of microorganism.

The reference to any prior art in this specification is not, and should not be taken
as, an acknowledgment or any form of suggestion that that prior art forms part of
the common general knowledge in any country.

SUMMARY OF THE INVENTION

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or variations such as “comprises” or “comprising”, will be understood
to imply the inclusion of a stated element or integer or group of elements or
integers but not the exclusion of any other element or integer or group of elements
or integers.

In one form, although it need not be the only or indeed the broadest form, the
invention resides in a sensor for sensing at least one property associated with
transformation of a biochemical analyte by a microorganism, said sensor
comprising:

at least one fibre optic member having at least one unclad portion;



'in contact wwth living tissue. Analysing the el ectromagnetic out put
preferably conprises absorption analysis to identify the wave | ength of
peak absorption of el ectromagnetic output. Analysing the el ectronagnetic
out put may al so include operating a programmable g _device programmed to
receive digital information froma spectroscope and provi de an anal ysis of
results. The light source may be any suit@bl e apparatus and may conprise a
tungsten hal ogen | anp. A xenon-arc |lanp rmay al so be used. Preferably the
nonitoring neans includes spectroscopic anal ysis neans. The spectroscopic

anal ysi s neans raygoatirg apislicdl torthe et ey odgUreiad pedtivdj ng at least: a) an
I nput for receivi ngei nput data from a spectroscope; b) a store for storing

i denti fication cAPEIUPORESAsIAeE vathothggaating; saidpresursop tigastasmable hy at

processor qsé%ﬁgﬁgrggws%) conpare the input data to the

i dentification enerate a report indicating presence and type
of one or nore mwberin gani sns. The processor nmay be programed to store

sanple identificatiqn data i.ch may include informatioon such as, sanpl

ori i m e andTaRAtATBata Of dBe: MRCUERY ErOBHaRR R TP e CoORERIBr dGEESTe
Figure 1 shpWgafort#6eat least SRé B ion of a first enbodi ment of a sensor
of the present invention. Figure shows a schematic representation of a

second enbodi nent of a sensor of the present invention.
The microorganism may be a prokaryote or eukaryote. A eukaryote includes a
mammalian cell including a human cell, or other animal cell such as an insect cell,
yeast, fungus or amoebic cell. A prokaryote is particularly preferred and includes
all genera and/or species of bacteria.

The unclad portion of the fibre optic member is preferably a declad portion. The
fibre optic member may have a plurality of unclad portions. The plurality of unciad
portions may be contiguous, spaced or a combination of the two. The sensor may
comprise two or more separate fibre optic members. The separate optic fibres
may be substantially parallel.

Preferably the at least one fibre optic member has a first end adapted to receive
light from a light source. The at least one fibre optic member may have a second
outlet end adapted to co-operate with analysis means to determine the presence
of the spectroscopically detectable indicator. The at least one fibre optic member
may be formed in a "Y" shaped configuration including three ends, a first end
adapted to receive light from a light source, a second end adapted to co-operate
with analysis means to determine the presence of the spectroscopically detectable
indicator and a reflective end for reflecting light, the reflective end located on the
equivalent and the declad portion of the lower most arm of the "Y" shape.

The coating is preferably a glass film. Suitably the glass film is both porous and
thin. The precursor may be immobilised within the coating. Alternatively or
additionally the precursor may be immobilised on a surface of the coating. The

precursor may comprise one or more of D-mannitol, carbol fuchsine, methylene



'Figure 3 shows a side schematic view of a sensor probe. Figure 4A shows an
exanpl e of a spectrumof |ight production froma |light source. Figure 4B
represents the evanescent wave distribution at the core-cladding interface.
_g_ Figure 4C represents an exanple of a transm ssion spectrumfrom a
sensor system Figure 5 shows a graph for, Iight absorption over tine for a
sensor of the present invention. Figure~ @ shows a graph for variation in
intensity of the absorbance valley when using a sensor system of the
present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvent i on ibluelisugtasedonethar suitabde spmpounticr oor gani sm sensor whi ch nmay be
used to detect and nonitor one or nore specific activities of
m croorgani sms. The term "sanple” includes inter alia a biological)
i ndustri al m@otbr@bury@vlmaywnersbeéqté@tmld%ntnwet;ﬂ{eabnéé ef aigé rﬁlamairgamsm
used in its broadest sense and includes a sanple of tissue or cellS froma
tissue or SPEEIESI QbIRATBAPBY Variely. eﬂﬁ%m@tw%un&ecarequﬁs@rrw berselectedsto

t docos) . bt iHEARb Brifithe MitToafiai sPebies ENARRS S Braiinefest Typet

pr ocedur es préfeeabsiy theeprscursoridé seldcterl fosidentify amecsradorecbacterigonpass serum
pl asma and bl ood fractions. Furthernore, a biological sanple nay conprise

cells maintained in vitro culture or suspension. A biological sanple is,
t her ef or e, | f A% i gl e
cell type c-)r;-il a@%@%gﬁarb f(r)n&?e@'@é qrgt;ﬁlagnp r%? hﬁom’gréﬁr?or e 8@?@[’?3’%&%@
envir onrrentmadlcauwrrdlmctlyclMh@naamelynd'aasfdraiatleamﬂ theaprécarsurmpag sesulhiiy a

| ocation such,a ter s f oodhandl i ng, ar terrestrial | ocations,
wast e- dump SrouihieR spoastls hith onioFBiore ABI RN ieMBdunae 2p dspddRa
i ncl ude pr %bé&&‘@éddbl(?dll? d@fé&éﬁ@lh&lcﬁﬁiﬂ s. Prokaryotic cells include any

bacterial or mcrobial such as present in an environnental or
bi ol ogi cal sanpl e. Such prokaryotl c organl sns i ncl ude Pseudom)nas sp., E

coli, Enfer bac er s Kl eb I I a s et obacter
sp., PorphrBYfG 8§cgg'da|§t a‘%ﬁptﬁtﬂg ysdnc %@%Eycu%e CIBacH

sp., Prot egpesfRoscdpitalyohstetrible ﬁ\dica@ém%r@ifé?ﬁbwrs@%tarﬂiall&%frﬁé@||rh a Zdhe
am)ngst man¥ others. Viruses include hepatitis virus, a rétrovirus, an Al DS

virus (e. g° ﬁwweseeiﬁtllgbhwawgstadjaqemé@en\nutarssw‘aqmofaﬁbre optiesere) of theany
ot hers. gf[‘ gy Sné:‘aln%:e C%Cdlb'ﬂle ﬁ’r&‘@ 8ttrb§c | Q'a lcfd‘bq? n‘ﬁuc Eﬁ%ay,pﬁ\gms

anoeba, an er ST ng or gani s rom hi gher

or ani mal s.opBeatio, ba ilmyinated by evanesaint Ilghtaua\ﬁe§uch as but not limted to,
WAB03, V\A802, RR1, @59, (638, P2392, NMb21, NMVb54, NWA77, MC4100, MC1061,
DL538) DB1316, CSH18, CES200, C600hfi, C600, BNN102, BNN93, BL21(DE3),
andBHB2690. he
fol |l owi ng tl)%(% %ﬁoﬂ irfl?& tgg@ﬁﬁ@n@%}qéﬁgﬁg%g%s ﬁlm%trrmsrl?gg} ggﬂtc'!e\%%é ans
DSM 12260, ofeapeoertoassecatadWillo dthsf@ucatioroicddes preedmsiont Ao mner on nBave

Bur khol deri a kur ur| .ensi s JCM 10599, Desul fovibrio dechl oracefivorans SF3,

Escheri chi ANEHArIARIEME,RRrBYSIIR $PMPTISNG ophi | a DSM 11926, Mef hyl obact eri um
TeSOph | cum AVR(fibriifieambH Madiy ANAE od LiMEEPBGLATCH BPKa b WAC 101,

Phorm di um corium Pseudononas aerugi nosa ERCl1, Pseudononas aerugi nosa

HER- 1001, Pseud@enatinganpligdioshe HEIeagt)olze upcledrtionis aer ugi nosa HER- 1010,

Pecudomonas aor JoPRSLERsdgTed WA 8 TR B BB et bt Ranisdy ot
12573, Ral %wlﬁewlo%&ganiswﬁdiﬂ% Shewanel I a frigidimari na ACAM 591,
Shewanel | a gel i di mari na ACAM 456, Streptococcus pneunoni ae

Streptococcus preligbhpadras adapted: tg,cocerarate mt&uaoﬂrsé@rwmézbe fibre optic
Strept 0COCGHSMB unoni ae TWB1) Streptococcus pneunoni ae TW 17,

Thiom crospira trisia J B-A2, Thiom crospira kuenenii J B-Al, Treponena

| eci t hi nol yti cuméhitorfigbmeans aiapted o cbaygeratewith Rhe Uneeanh portiomefof detiect um
P NA1, Treponega nals':@_i){]j | um HO2A, Ureapl asna urealyticum Still other
mcroorganlaé‘n'ﬁl KeaPr de but are not limted to the follow ng fungal
cell's Hyphodonfiygheadiiralis 231 Kluyveronyces |actis CK567A, Kl uyveronyces

| acfis CW64-1C, Prosthem um asterosporum Al, Prosfhem um betulinum Bl
Sacchar onyces c dransfeiraatian flthe Fwect]lrsosdmchheowee@ morey MiCOrganisnis

[ psi-], Sacp%]guce@t%e nGigh o\fls?dnaa? -5V-H 19, Saccharomyces cerevisiae



- 11 'PS-5V-H19, Saccharonyces cerevi siae Cl0B-H49, Saccharonyces cerevi si ae
9V-H70 [ PIN+], Saccharonyces cerevisiae 4V-H73, Saccharonyces cerevisi ae
17G H73) Saccharomyces cerevisiae 3B-H72, Saccharomyces cerevisiae DL1,
Saccharonyces cerevi siae GA226, Saccharonyces cerevisiae JW3- QD7,
Saccharonyces cerevi siae MCC318) Sacchar ces cerevisiae NB39-5D,

Sacchar onyces cerevi siae NGE108, Sacchardnyces cerevisiae PTH43)
Saccharonyces cerevi siae PTH352, Saccharonyces cerevisiae PTY1l,
Saccharonyces cerevisiae TF112, Saccharonyces cerevisiae TWMLO-41,
Saccharonyces kiuyveri GRY1175, Saccharomyces kiuyveri MCC328 and

Sacch i ' 180. A.eukaryoti. ' i ncl.ud —
Fungus, _ andac IpL E8beeLine Ruehlioh FEHRY R & BTotpPa AL IBHYCRECS SEnPot o
t he pr esentmémetmrﬁﬁigiﬁgtﬁég[@pgm; capacity for tailoring the systemto one

or nore w de razage of types of m croorgani snms including bacteria and
speci fi ¢ strai nsasiadsing eneor moretsestions et aicore of adibrepptiamerabercheni cal

reagent or prec r. rj tion i or__keqi on the.fibre
opt e system - PO ety BRI al Biore 8sBBRs sl Hodthe bnidBUSingA a1
and qual i t girewatsyr dne spedirogeapicallypticiettable Thdicatos! i@ preelisde Iranstarhfableans
to anal yse bi ol ogical materials and bi ochem cal reactions. The nethod of

t he presenttoith® deteciabladRdisatos by tae astivityof anesersmore microprganisgheses bei ng:
1) a fibre optic transduction phase; 2) a biochem cal recognition phase;
and 3) a spectroscopic anal ytical phase. The fibre optic transduction phase
ari ses frornnta fowsth aspewt tiod inventiontresides in ametliddcef identifyingithe presehtces lof
total inter efl refl ection takes pl.ace at ai}&;£terfaqe between the core of
the fibre %t%sfmpe MIGEOOEGRNISMa thec e gempyising dhe atapsiefi al i nt er nal

reflection, a c L tyd t40 i | fad: v S
penet rat o8’ t he. claanng s JghE stunce i \cobheatlvp eldirinis to ¥ 9 Egq or'a
present sersamsounslhiesein desedbed;on of fibre optic material which has been
decl add or had the ¢l addjng renmoved. At this point, the exponentially
decayi ng por t1 orMBRIRHS tE-eleCtemAONalkoMsPYlfomatanted, UHed SEEtQit h « ne
medi um that surrigeaify the sdrisor WithSIENE@4ted! DFcI8Y 3BBAEITTH cYRtaet ARAY SArhprR;
phenonenon at the core cladding interface of an optical wave guide is used
to deterni i fferent physical and chenical variables associated wth

m cr oor gani sns, i i tivity. i i.cal
ibre 15 formed BYFHRD HhE EEHRRAHREbHout 35 deiiine JHE fifseted by Mo &
from the prleastonetypetcfshicrabrgasisi.bres. The glass for the preformis
usual Iy made by a process called nodified chem cal vapour deposition
(MCBD). In MCBD, oxygen is bubbled through solutions of silicon chloride
(SiCL4)) g i ' : / r @?@c : j

m xture go?ggﬁgét ﬁ’{\}lagife('c):ﬁg p@s%lé)glu@%(iﬂ %‘f)te Pc Ins%r peﬁtalgée%p%%‘@h&ggﬁ?ﬁ@g

i ndex of rdheatectromagreatid outpaht Thé electramagnetieoditprtinaybe fightoutputhe gas
vapours may then be conducted to the inside of a synthetic silica or quartz
tube which forns the cladding. Under the effect of heat, silicon and
germani um r ok e q i h QX4 i sit
on Th. i nsi dereiobh U Blett o eNs RSt RRoHROEITUS B HERrkhbad IO,
forman evesensoati ng and a consistent dianeter. Purity of the glass may be
mai nt ai ned by using corrosion resistant plastic and in the gas delivery
system by precisely controlling the flow and conposition of the m xture.
The pref or nescdting thé setlsoPvimdytinchrid imRteremgt v depreedni atiryuad fedmple.
drawi ng tower. The blank may be |lowered into a _gravity furnace, which nelts
the tip untlhocaiingdhe sesser piaymalteanatively, ehfuithers inglude Placing theornelad sestiend.
This thread.i : : ugh a series of coating cups and ultra

vi ol et Curﬁﬂ@g&éﬁ@l@?ﬁlﬁ@ﬂ%%ﬂé?n a product that has an inner core and outer
cl adding and often a buffer outer coating. The cladding is outer optical
mat eri al surroundi ng the core and desi(t:;ned to reflect |light back intag the

core. The bifal¥singdheielectreageetic puipyt preferbly REMPRges AOSPERICN ANRY$IS 1P e
from danag ] - ' { ngl e node
fibres whi ?ﬁagﬁzqﬁéyﬂ%e??g‘nﬁ%m&%ﬁ@a pgr ?%E?fe@%} agrtuplﬁltt'i -node fibres
whi ch may be used to transmt nmany signals per fibre. The single node

fi bres have,snall re f _appragxi mat e 9 mcrons,in dianeter while
it < moe MayeBeiit SedrorBRStdiLaRRt avAlbS ks Poctng S Pridiniraple
di aneter. C adding may be renoved in a nunber of ways. One preferred
procedure is a chem cal etching process carried out by imrersing the
preferred region of the fibre in a 50% hydrofluoric acid solution for a
period of 20 to 30 mnutes. In the biochem cal recognition phase, a

bi ochem cal reaction which is unique to a m croorgani smor group of

o o . N o - o Y b1 e



by OH groups. Nominally, four H20 nolecules are required for the conplete
-14 hydrolysis of a Si-(0C2H5)4 nol ecules to form Si-(0OH 4 nol ecul e. The
starting solution nmay be prepared by the partial hydrolysis of TECS
according to the above procedure. Denatured anhydrous ethanol, deionised
wat er and hydrochloric acid may be used to performthe hydrolysis of TECS.
The entire m x may be nmaintai ned under c&rstant stirri ng for 1 hour using a
magnetic stirrer and then stored at roomtenperature. After 24 hours, the
precursor solution and optical indicator may be m xed thoroughly into the
mat eri al . Teviceprogeamnhesidb reegive eigitat thfomatior froimea spettaosqopetarthpvidehe
optical fi bre.rPgé&p coat i”i} equi pnent nmay be used for this purpose. The
outer sol - §812 I1$ Hgf%ﬁ gi ays three-dinensional porosities. The preferred
pore size ranges from 10 nmto 100 nm However, the preferred pore size my
change with different applications. The porosity can be varied by: (1)

al tering tAdedightrspusce drayibe ay stuitablel appeiratusl and anay conpriseya tungsien-

nol ar rati@s, | chlem' c?é congosiﬁi on of tlhebprecu sor chemcals. In the
spectroscog'ﬁpgﬁ?aﬁmﬁ' XEPRABLC '3(PR 3K 3R ?p"@tetiorretry may be used based
on the fact that a given nol ecul ar species absorbs light in a specific
region of the spectrum and in varying degrees, that absorption pattern is
char act er i $referably: the penitogng aneape dncludes spertresegpric @nalysie meansatldhe or

precursor | r. f . i o OF i cal
etivity byPreloSEriiafanes el By iRales  betiofy S e B BiF R B,
serve as a finge) priantinpot fobdsdeiVinglinpud@iata frofrpd spectadstopeni t ori ng

pur poses. Spectroscopy is enployed widely in |laboratory diagnostics to
study chenical [ ocegsEereiat steingidentifingtiondada forane ahmogs eiganismscand s
anongst ot her things. L gt copy nmeke use of the
absorption, em ssi Onaﬁ%?%gﬁg?ﬁn%ﬁogkéﬁ}ebﬁrﬁ’%%ggﬁfgpﬁé. radi ation in the
exam nation of atons 1r nuwoepdretheinpubdataetithelidentificatios data; amdd
gqualitative and quantjtative stud% of nol ecyl es has bec?{re go sible

hast eni ng processes @ch QengEaieaiergrtipdisating pregancg and typel one gy more 15
Briefly absorption spectrQgieRidfgahishisses the transition between energy

| evel s in nol ecul es absorbi ng e?ect romagneti c radiation. Utraviolet and
visible light incite electrons in atons and nol ecul es to hi gher energy

| evel s and the a nt of Light ener absorbed is . function, of th

et dent | T PORSET DY eeatAnRY BiRditnheRentiatianita wnidh pray
different GhIIE HfoPRRTIreSUTPES8amPRESIGIACHAE aMd datdicTRenéatine tool in
nodern di agnostics. Intensity of any given absorbent spectrumhas a |inear
relationship with the concentration of the chem cal species with that given
absor ption mbgsﬁmﬁégf ﬂFfAWIN gi ven anal yte can be rapidly
determ ned using nmodern spectroscoplic I nstrunments thereby providing a
guantitative indication of the anobunt of the material present. Referring to
Figure 1 there i een a sensor, system of the present inventio enerally
desi gnat ed Fé%“'fo.% S%Hlé’ss% §eBemaisrepfesshfationeaf gf!"ﬁg%“bgglﬁ%@ Qha %ﬁﬂﬁw Pr%ay
conveni ent lgy, i Ve of a m xed and wi de band | ength. The light is
directed iﬁt%ag‘%%ﬂ;ﬁ‘eténgﬁh' 12 of an optical fibre 13. A tungsten-hal ogen

| anp may be used. Use of a photosensitive indicator in the present system
may result d.n o t in the visible range. wever xenon- ar a na
20 be usEiBuB BBbusly Scliemafic SresARRERei R Setonsd sABeRMAGhe! & SBFPm
IS requiregftld P%seﬁt‘iﬁv@hh@n.' i ght sources may be used. A declad section 14
of the optical tibre 13 is provided with a coating. The coating immobilises
a transformabl e precursor for a specific m croorgani smnedi ated reaction

chosen for i Lon. i j .0-1 oating and may be

ot of or abl'y FOTEsEeh0RE 2 S sEAADARC sl & AEIHPEE 2s 2t him 111 m pol yrrer
| ayer. The coating nmay be perneable to m croorgani sns under review to
facilitate interaction. The declad region 14 may be | ocated in a specinen
chanber 15 FdgyrneftA showa angexaspleaf @ spectrpproblight pspdyctipngTran anlight gource.

di scharge end 17 for discharging light. The discharge end is adapted to
cooperate with a spectroneter 18 which fornms analysis neans. In operation a
sanpl e suclFigares 4B vepiesehtx $hedvamescedb wadve distibution dtathieccodscladdglg i s
provi ded fr.omgft he Iight source 11. At the declad region 14 active targeted
cells, if PMEE8RE, netabolise these sel ected precursors to produce an

i ndi cator col our or other indiciumsuch as an absorption pattern. The
reaction nmay produce an indicator by activating a specific indicator which
may be separately included in the outer coating as an adjunct to the
transfornmabl e precursor. The sensor system nmay produce an i nmedi ate
response which nmay be nonitored by a spectroscopic nethod in real time. The

o o o e - S




-Thi s nmethod of using evanescent wave spectroscopy in conjunction with

m croorgani sns and, in particular bacteria induced and nedi ated reaction to
nonitor mcrobial activity in, for exanple, body fluids provides a useful
and quick indication of the presence of bacteria. The present sensor system
process includes the sensor phase, the biochem cal recognition phase and
the signal transduction phase all in on€ Optical fibre. It displays a very
short response tinme and high sensitivity when used. This invention
therefore introduces a conbi nation of the benefits of, for exanple,

est abl i shed bacterial nediated chem cal reaction identification and fibre
optic spectg, 0 The i nyention prpoduces,a sensor w th. hi sensitivity
and speci1 IFIBACE 2% SEPRsets APy SRR B & tRGSFUSTa FAaRT iSiB L8 SehPa! And
bacterial agistehty in real tinme. A sensor of the present invention may be
prepared as a probe for use in vivo or alternatively nmay be provided for ex
vivo application. Wile the bel ow exanpl es and di scussion are directed to

other t yped BHD SR8 araR i Aok B BTG 1B IOF B S B i BB ebp o
syst em gendnwéntion.ndi cated as 19 incorporating a |ight source 20. Alens 21

may be effectively harnessed to regulate |ight output and the angle of
incident rays. Light is delivered to a fibre optic nenber 22 which has a

sensor ele i i IR € i

ol oment compriz8 4t dreBh By 3ARGNohTh StBABy of He SBEBIen D RIRT kN .
gel coati noushty aBeassusystem ofehe presentinvhtion. preferably formed as a

bi o-i nert substance containing a sel ected biochem cal precursor. The
bacteria in a sanple may interact with the precursor to produce optically
det ect abl e pptAtED'DESCREPTION OF THE'INVERTFIORY be located in a channel 27
in a test pad 28. The sensor elenent 23 nay be secured to the floor of the
channel 27 using wedges so that a very snmall quantity of sanple is required
to adequatehé%innerie thﬁ sen origartio : Thus enbodi nent _of the Ee ice
provi des anl RIFSENL NNMENTPA 1§ girected dp &, fikfie e NISFPOIERNISTR FERBOT Y 'Cédaﬂh ty
of speci merpe h8&d teHeRichBhE mdlfiiof dheorMorepeific dctivitiestsTirRiciadtbanisiid.
produces |ight which continues along the fibre optic nmenber 22 to a
spectronmeter 29. At this point, an inquiry is nmade of presented |ight and

data is in a 0; Lng. | L ter
0 er ot o e MR b el o B BA0BYCER Thulilel B oP B Fin oY
char act eri sgampleofThentéirii ‘bigibgieacsanple! isesad psitobrosdestsense ard inohadgsua er
may be progranmed to conpare 1 ncom ng data against the data store to

t hereby pr ctATBRICLf tissye e salls feamiantissueak Prdandisolated byi torasmple. syigiqaher
the i ntensi; : ; el i [ ; i

beti mt 1 on InterfBtidtt iR ympIPAGRPEkIGHTB by o RiSCHBrgEY wet bloduitsteg.
Ref erri ng turine,gfaeces)t blood icolleetion procedires2or invasive s opassive collettiome

Pt ornal | o BRgElres thecerireanion, Bitod cRliSel proddthitesy eatinast hajum,
repl aced bgplagrr%ﬁ BRIodofPadtions. Furtermoke, & bwgicéwéa%fblelmwbgﬁ]gr@éIc@ﬂgs a

presel ected precursor for netabolismby bacteria of interest’
i nt er r upt edmaintaiiedgincvifroi clilse D1 surpensions| Adbialegisal sampleisirtheseforazaar e

the 11 br o citieBtgs ox BobhAioRycRH8 whiet Befted furcitp aindlf P B P FpmiBss,
rnay be insgmiréd ipdpllation of thed &f merdakll dfpgesor AhErvirohhtintalasampgie inbludés nmay

be difficult to access or which may be toxic. The reflected |ight nmay be
subsequent | 0 Hihisiial sample AadRNCHRAsSEE GV docrtir $YRh as a water Supply. fqoght

source pro ; 1SSy _§pﬁmp j L GHs pendi ng on
the nature o Enéﬁr%ﬁ%t%?@?ﬁ%%@%ﬁéﬁ%ﬂé %é (S 'ﬁog?'ﬁ%g}'%lgae{éﬁ%% &'?nt ensity
(T). The evanescent wave distribution at the core-cladding interface can be
represented _as in figure 4B. It has a maxihum.intensity in proximty to the
core and a Aﬁﬁ@ﬂtqmpﬁgaﬁﬁcbhgfq'@/ "HW@%WHBC'HQF&’O@@@R%& a&%%@?éx%fﬁv ells-

i ndi cator igGd id i St B i t i
denuded optllslcﬁ:dalﬁra??%éerc ,éﬁgd'\lg\gg%erhnﬂ 98{;%(‘;@% ?gﬁé%@@?hlﬁegp%&hr g?nﬁg%tgggn@ga?s
as shown i nelvigpommental Shebicddgieal isanple. t Suobnpeskaspotipeotganising inalude

t he absorbapce qf the photasensitive indicator a s ific .
The pover  PRRUGHDONGR Sh on Gk EXerpPRAEP Shy SaPat eIl oo KIBESISI Sfy
is given by the nodified Beer-Lanbert's law. P (1) = Po exp (Yl) (~ ) where
| is the distance along the unclad portion of the fiber, POis the power
transmitted in the absence of an absorbing species and ( is the evanescent

wave absorption coefficient. The above equation can be rewitten as, P(1l) =
Po exp (ral) (2) r is the fraction of the power transmtted through the

o o Y Y - o Y b1



.yl ral A- - (3) 2.303 2.303 Figure 5 shows a graph denonstrating anot her
exanpl e of another exanple of results fromthe use of the biosensor. Two
peaks are provided at proximty 480 and 640 nanoneter wavel engt hs.
Increasing results as shown between O m nutes, 45 minutes and 60 m nutes as
plots 38, 39 and 40, respectively. The =19 pattern may be specific for a
transforned precursor or associated indrégfor. Presence of this indicator
may be concl usive evidence of the present of live and active bacteria of a
type under investigation. Figure: 6 is a typical graph representing the
activity prigefobaeler s eBomtuoymonast sihs Staphylecncassss sp., Rirepfocattusasp.,

noni tored by, 1. e fibre tie sensor. ~This,graph represents the
i ncrease | ny #{Qﬁsf §bnaﬁag?'f"§o${)'ex (?9’ °§8F4%6|s£r: 88(’15’! PlaeP-Md ?8’80?@8 &b d
adj acent orarpdngétemany dttiers! ViruBediniNids hbpatiRdviRiid) L pstréviigs, U AIDD Rirud he
I ncrease in b -éroduct formation with tinme show two slopes. In the first

p

phase, the @SpBIV)s faplyandimanth disaase Wrus paPdlinevises ampnashdeany gtkers.
format: on | Eaee0s B icldad B Bfic SRMARNE Mich s foadt Ryridl AEBEHE and o

det ect ed byothéesihgler eellogriganissena® well\est auits dfonh higher gdants or animalson. 1t s

clear to the skilled addressee that nultiple sensor sections nmay be used on
one single fibre optic nenber. Such sensor sections nay be conti guous or

al ternati Veéé(ctB‘ﬁ&. rhﬁgfiﬁé’lgaétﬁdc&)’st%ﬁﬁ‘éuaﬁ as! @@ ﬁ@ﬂ‘ﬁ@ﬁédrct&r WAé(ﬁ,?\/\ff\‘srofzt‘er
alternative, multip frbre optic nenbers may be used. These nultiple
menber s nmayRB4, Q&350 EBS; PRI INKIGRY, piEE4,NMATT, G4 pO@,AMCH 08 1b DLI638!

i avs. st e 8A8c G AHAR CGESE0t, o8ohBhe o0 ENN T2 ERIRSE, HEEFEES),

signifi cantamgggega. ERhét Suitabley bheterfdHIEy FRIPIO Butesre’ ROt Yinfied fo the 1S

al so a common f borne bacterium Nosocom'™al infections due to this

bact er i um doliewinghasterasAminabagtesiun orahilei DM 12262 drinpmonaspavcivorans

| imorant (0oNbI2eBl AP, bhodkarbid PEAF JoBeE BTl Tibtaintaontoion Bik. and
in particul Barkieiidiersa | kurariensissUON RY500YDesafF6Mbris WdésHioracetivrahs SF3,
conventional growh and indication nediumfor the detection o

f
St aphy| ococe¥@esighisol §IStaRAMPIR, dacuriadhizophfia ISMs1 192G Methwlobectarnand
glt f1erenti al,o0n oML oAU M"){Eobécitﬁﬁﬁr‘i’) Au) %@ 514 ,Wcﬁbggfel?l?lg? iim MAC
aphyl ococcus ‘'speci es T rom nonpat hogeni ¢ nmenber S OT ‘t he genus crococcus.
The medi um 1Ghi hdrmidium acosumboRsedddifonalst abhuginesheERC Pseuddrpanasns

that are able tg tol %e t he presence of high levels of salt, This nedium
al S0 cont ai FRIUGMASRIFERTHO0 Ty EseH qf@aaamecragmgsa HER19R, Eestdomenas
pH, red at Wﬁnisél l-ﬂiﬁ-ﬁjl‘b‘,’eP OrRoM&S 'é?é?’u?ﬁo%‘é‘l Hg:‘gic-ﬁﬁﬂg; PsceddbbAEE

that fernment nnitol produce acid as a reactfon pro ehce causi ng
col our cham@erugindsa i nHikcRt 9016A s&gdedoonvaasni ngasraghyd aoc HER#AM&ys

| d | t ith th i t i, i
Prodberton BReddBiiitotohas tiiedbfTansR a5 128 s Raisthaarallarsi L RIS 52, o
in an opti cghewafbRA PigidiMria WCANMeBRAt thEWaﬁ%étEg@ﬁ&iﬁfé@mM 456,

providing a_distinctive absorption spectrum EXAMPLE 2 Mycobacterium The
i nf ecti ous AerfacercusibpneuntdiaearldS22pr Sdreplsceasuso pReugreniagactdl al

dough 1 0o SRpbisadtRus DoAYy 7905 Srobheatts” RilkRlsRon e P oy
i nfection oftropocoktos umbeiasl TWET T, Thicibrod)siea FrisiandB A& SThidnficrospiva by

Mycobacterium | eprae. The serious nature of these cobacteria makes the
need for a KughedigiBdkbdrepenamaadacihinalyinym @M%&%Tm@qmmy&nhl@m

" ‘ ‘ i _ . _ S
Wcobact er | oty T1eRoRehie hizioBhiER XK TRARTIGIE meSRAi, HORNRdMagma
with the sewealytduanestill dthéhmiproesganissssimay inCludzobuf acd siabdimited to the
di spersed in,the oyter coati f §he, sensor el . Reaction, of, c I
fuchei ne.wi PHoig duién”eals Hihodandia: aHSCeIs ST KLiyy BRRIGs Sretis G RABT on
I?r;f: 2 ern ‘Q"r"} 7;/!9, p ﬂbﬁ:&b@ﬂaeﬁe CWB4L1G PRIsBbrhlif BERFESSSIURT Al hProsthemium

betulinum B1 Saccharomyces cerevisiae 1A-H19 [psi-], Saccharomyces cerevisiae
5V-H19 [psi-], Saccharomyces cerevisiae 1-5V-H19, Saccharomyces cerevisiae



.EXAVPLE 3 Environnental Sanpling CGeneral bacterial contamnation in the
environnment may be identified using the system of the present invention.
Reaction with general dyes such as nethylene blue and features of bacteria
such as the cell wall may produce an optically or spectroscopically
detectabl e indi cator. A contam nated sanzhg wi th m xed bacterial popul ation
was placed in contact with the sensor element of the present invention. A
general absorption pattern was detected by spectroscopic nethods to
indicate the presence of nultiple bacterial organisms. EXAMPLE 4 o

St aphy| oco€&rSVnidfl AnSaschprympess casevisiaars 108-Rd9,eBacgharomyges tarevisiae

Phe. pr osentapZPEIRIREL "SaBfiayRiuebe ek Blng 33175 Sacthioh RS o RS ©
brought i nt17G-BIT3aSactiHalomyseseerevisiabaBBIHRR, Baguhdrosgees cemvisiae BLich
resulted in netabolismof sucrose to formlatic acid and pol ysacchari des,

t her eby re§ﬂq0ﬁﬁ§°mr¥09ﬁ eprievisipg yCM2 28+ atAccharemysesr ceneyisiae WMASGD7,
versi on of ' : j: L-.racy al j LEh :

render the %%s??’ aﬁ%@geégegl ’%lq}(’:&%gr N@?%’g?&?n (%%@Szgﬁﬁgﬁs?éﬁbﬁ”%ﬁgp@%’%%m

t he syst emSacharohydesdatere pistae sNGR/1 08 arSacchaonpicespicetesisiaw PEHAS, na
assig% nu ical values to ggrtai 0&1 cte icscticg of isgentifieétrj@ g
m cr oor garr:&q%’%éﬁemyﬁeﬁarcﬁ’ eviss§e B%%P@rq . hatemyicesy cerevwisiag i LY 11,
values. enaldftrfifomyRbaCBoRIVISaBRTRS 100 BRBEAAIdMIfoSS HetbyRiad PARPIE4TCH

as a biologica Vi ronment a npl e. Dgta processing nay result ina
quant i t at i Badchdiremyoes okluyweri sGRYHE17E, Saccharamyces Ilywers MBIC828 and

alternativ rovide a ... generic result, such as "low' or

"moder at e” %Hﬁgﬁwsﬁm Ngt%ﬁgn |l evel s. The types of attributes which
may be ascribed a nunerical value include bacterial genus, bacterial

speci es, bacterial variety, bacterial concentration and rate of devel opnent
of change & eukaryotic orgami#s ineludes asygasbclingus caronebapanasitexinseet and ther ed
to as an ir|1I x value (1"). The sumof 1") ie. E 1", provides a

contam nation i ndex of a sanple (C,) value and this enables an anal yti cal

approach to screening and identifying contam nation of sanples. Clearly the

process rra% be equal ly directed to identifying the health or presence of
commensal & @fﬂﬁ?% wghandilitynfiae presantsystendatsenfrery thei gapagiy ferstailatig the: )

i ndex valu f i ; I ;

progr am. weYeRS ehe STDRET WY ralfes bEbiFee' df AickRrgefient e fiERiRq bacietie
cont am nat iamd spEcific $teaing of bapletiap by ghe spleztion il tevaht biochemisalathgent
aspect, the invention contenplates conput er program_produgt for as ﬁssi ng
the st at us O5PrEPWSEnIY IBEOTRPERLRSY ilRe S&U%B'BB tae & “’gPBH%SM?te%ni Bs,
sai d produ | §dvice whitde ; } 1 r

| east two e%\?gggs% Czléé\}s?%éci at edn{\?pﬁeﬁrﬁ? @f@f?g‘émﬂwaﬁgwﬂ |§'>r§1d Pﬁg@gg%grae@ are
sel ect ed f reyenaquantitptively! ulihegystem genovislesf a riafe soegnsite randlyses pidogicabf

M croor gani Sifkrighs ARl bidtHemical FéACtIghga"! S

The method of the present invention may be conveniently classed into three
phases being:

1) a fibre optic transduction phase;

2) a biochemical recognition phase; and

3) a spectroscopic analytical phase.

The fibre optic transduction phase arises from transmission of light through an
optical fibre during which total internal reflection takes place at an interface
between the core of the fibre optic member and an external cladding. During each
total internal reflection, a certain portion of electromagnetic radiation or wave



.d) concentration of mcroorganisns; and e) speed of devel opnent of

I ndi cators. a code that, adds the index values to provide a sum
corresponding to a contam nation index for the sanple; and a conputer
readabl e nediumthat stores the code. In a preferred enbodi nent, the
conput er program product conprises code at assigns an index val ue for
each feature of the m croorgani smor gr‘o{l.g'of -23 mcroorganisns. In a
rel ated aspect, the invention extends to a conputer for assessing the

| i kel i hood of contam nation of a sanple conpound or group of sanples
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activity.

Typically an optical fibre is formed by making a preformed glass cylinder, drawing
the fibres from the preform and testing the fibres. The glass for the preform is
usually made by a process called modified chemical vapour deposition (MCBD).
In MCBD, oxygen is bubbled through solutions of silicon chloride (SiClLs),
germanium chloride (GeCly) and/or other chemicals. The precise mixture governs
the various physical and optical properties such as the index of refraction,
coefficient of expansion and melting points. The gas vapours may then be
conducted to the inside of a synthetic silica or quartz tube which forms the
cladding. Under the effect of heat, silicon and germanium react to form silicon
dioxide and germanium dioxide which deposit on the inside the tube and fuse
together to form glass. A lathe is used to form an even coating and a consistent
diameter. Purity of the glass may be maintained by using corrosion resistant
plastic and in the gas delivery system, by precisely controlling the flow and
composition of the mixture. The preformed blank is allowed to cool and is then
loaded into a fibre drawing tower.

The blank may be lowered into a gravity furnace, which melts the tip until a
pendulous blob falls down with gravity and forms a thread. This thread is then
passed through a series of coating cups and ultra violet curing ovens to result in a
product that has an inner core and outer cladding and often a buffer outer coating.
The cladding is outer optical material surrounding the core and designed to reflect
light back into the core. The buffer coating may be a plastic coating that protects
the fibre from damage and moisture.



.conmpounds; and an out put hardware coupled to the central processing unit
for receiving the contam nation values. A version of these enbodi nents nmay
be represented in a figure which shows a systemincluding a conputer (31,
Figure 2)conprising a central processing unit ("CPU'), a working nenory
whi ch may be, for exanple, RAM (Randon1Ag$ess Menory) or "Core" nenory,
mass storage nenory such as one or nore dPsk drives or CD ROM drives, one
or nore cathode ray tube display termnals, one or nore keyboards, one or
nore input |ines and one or nore output lines all of which are
I nterconnected by a conventional bi-directional system bus. |nput hardware
S

b d h by i | i whi ch be . .-24
ol ement ed Tenef&sRYF Tt 2 sirgflé monebfEreBii e Uskib i fensmit one
this i nventsjiqwrp@r fibfe op PRUtISHCAY fibR® WARKYha HEGSSR &3 trARIMIEMARY 'S by

a tel ephone Tine or dedicated data line. Alternatively or additionally, the
i nput har dwgr dibiey Thengingleemadeifibres have smalletores rbapproximately Sdinidrons irves

used as a i9Ep eyl RhREmsHCB R heVe 1Rt s M ER OBk e R B8
| i nes, may micronsinl dlameterpl enent ed by conventi onal devices. Qutput

hardware m ght also include a printer so that hard copy output nay be
produced, or a disk drive to store systemoutput for later use. In

operation td]gdfﬁﬁg fd rt?é Péhdved i df-’ﬁﬁm%rtoti"w [ R %&?éﬁe&@)%c?%ﬁtﬁgti

devi ces coordi nates data accessSes fromour stoOrage and accessesS to §nd & rom
wor ki ng nemhegwieaiobtglwihgrprbm ctetrﬁire]dmtm%mma‘rsidgttg? pr%feaeair?giorrfofrtbeﬁbre of
prograns na ed to process the nachine readable data of this

i nvention. '%ﬁe’f@z?ﬁyﬁf uqrie qqgﬁ?'é’ﬁoi‘ I3 gRHed ega%feﬁpdnw?% a spectroscope
for receivi GHehivs ' r : ; yaralt he
m cr oor gani”s?%’g?g? us 8?55'%%891@@5 &F%rsgugﬂﬂoﬁﬁﬁlghg%?g{“?ﬁ?ameﬁﬁgtahgugﬁéqias
been to desuicraargahisnpoegeoupedf midrodigamisms i seleetadhiceidentify thietpreséence of
limting t?ﬁ i nvention.to any one enbodi ent. or ecific corlt ection,of .

feat ures. TBJBIGROLANSTS A RISGUISALQT| raRsiPEPaPle Sisshert ot this Hgactiom s
l'ight of 1t keilddied Mt lofalsation wh &cdé@ihgfﬁllé??é_@&ér'tﬁétdeﬂﬂaeéw deRRROGStCRBte e

made in the particular enbodiments eXenplified wthout departing fromthe
scope of tHdapsteamationyeft then. preaursac hbyomicranrgapismanmmaharessst aine a

I nt ended t | b hi . f i r - 25.

LA Ve D REREOS Bl Rldbid B GR8R Tn@ ped SEhcd SYUARHIWY e @éﬁ@"é‘? by
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bi ochem cal anal yte by at |east one m croorgani sm sald sensor conprising:
also be’selected wherein the transformed precursor will activate an adjunctive, co-

operating indicator to provide a more easily detectable reaction.

In applying a coating to the optical fibre it is preferable to use a sol-gel technique.
The sol-gel technique is utilised to form a porous, glass thin film coating around
the cladding denuded optical fibre. Preparation of the sol-gel may be done at
room temperature by the hydrolysis and condensation reaction of Tetra Ethyl
Ortho Silica (TEOS) in an acidic environment, to form siloxane polymer, leading to
gelation. The chemical reaction is as shown in the following equation:

Si(OCzH5)4+4H20—)Si(0H)4+4C2HsoH
Si(OH)4—Si02+2H20

The hydrolysis reaction of TEOS proceeds via the replacement of ~OCzHs groups
by OH groups. Nominally, four H2O molecules are required for the complete



.at least one fibre optic nenber having at |east one unclad portion; a
coating applied to the at | east one unclad portion; a precursor associated
with the coating, said precursor transformable by the at | east one

m croorgani sm wherein transformation of the precursor produces a
spectroscopi cal |l y detectabl e indicator o% the at |east one property. 2. The

sensor of claim 1l wherein the unclad por ‘l‘én of the fibre optic nenber is a

decl ad portion. 3. The sensor of claim1 conprising a plurality of unclad
portions. 4. The sensor of claim3 further conprising two or nore separate
fibre opti dydeolpeisof asSi-(OCHednmolecutesdiodorm Sif(GH)noroleciiet ed t o cooperate
with analysis neans for determ ning the presence of the spectroscopically
detectabl e indicator. 6. The sensor of any one of the proceeding clains
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with transformation of a precursor by oné€ or nore m croorgdni sns, sai
sensor systhEnusedito ceatrtbe unclad portion of the optical fibre. Dip coating equipment may

be used for this purpose.

The outer sol-gel coating displays three-dimensional porosities. The preferred pore
size ranges from 10 nm to 100 nm. However, the preferred pore size may change
with different applications. The porosity can be varied by: (1) altering the drying
procedure of the sol-gel film, and (2) varying the molar ratios / chemical
composition of the precursor chemicals.

In the spectroscopic analytical phase, absorption spectrometry may be used
based on the fact that a given molecular species absorbs light in a specific region
of the spectrum, and in varying degrees, that absorption pattern is characteristic of
the particular species. In this system, the indicator or precursor is selected based
on the products of metabolism or other chemical activity by microorganisms which
display an absorption spectrum that may serve as a finger print for bacterial
identification and monitoring purposes.

Spectroscopy is employed widely in laboratory diagnostics to study chemical
processes such as metabolic reactions and enzyme kinetics amongst other things.
Instruments reliant on spectroscopy make use of the absorption, emission or
scattering of electromagnetic radiation in the examination of atoms or molecules of
interest. In doing so, rapid qualitative and quantitative study of molecules has
become possible hastening processes such as medical diagnostics and quality
testing.



.a fibre optic nenber having at | east one unclad portion of optic fibre; a
coating applied to the at |east one unclad portion; a precursor associated
with .the coating, said precursor transfornmable by at the one or nore

m croorgani sns; a |light source adapted to cooperate with a first end of the
fibre optic nmenber to provide input Iighﬁ to the fibre optic nenber; and
nmoni tori ng means adapted to cooperate with the unclad portion to detect an
i ndicator signal in received light fromthe fibre optic nmenber, said

i ndi cator signal indicative of the at | east one property; wherein
transformation of the precursor by the one or nore m croorgani sns produces
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type of ni andﬁgﬁaﬁp§?\blggﬂ‘9r'ﬂ@erﬁﬂagﬂcéﬁggof: activating a |ight source in
cooperating relationship to a first end of a sensor according to any one of

clains 1 to 11;
Intensity of any given absorbent spectrum has a linear relationship with the

concentration of the chemical species with that given absorption spectra. Hence,
the levels of any given analyte can be rapidly determined using modern
spectroscopic instruments thereby providing a quantitative indication of the
amount of the material present.

Referring to Figure 1 there is seen a sensor system of the present invention
generally designated as 10. The sensor system comprises a light source 11 which
may conveniently provide light of a mixed and wide band length. The light is
directed into an inlet end 12 of an optical fibre 13. A tungsten-halogen lamp may
be used. Use of a photosensitive indicator in the present system, may result in
output in the visible range. However, a xenon-arc lamp may also be used,
especially when higher intensity and broader light spectrum is required. Other
suitable light sources may be used.

A declad section 14 of the optical fibre 13 is provided with a coating. The coating
immobilises a transformable precursor for a specific microorganism mediated
reaction chosen for application. The coating is a bio-inert coating and may be
preferably formed according to the above description as a thin film polymer layer.
The coating may be permeable to microorganisms under review to facilitate
interaction. The declad region 14 may be located in a specimen chamber 15
defined by an outer wall 16. The optical fibre 13 has a discharge end 17 for
discharging light. The discharge end is adapted to cooperate with a spectrometer
18 which forms analysis means. In operation a sample such as saliva is located in



.monitoring the el ectromagnetic output froma coated unclad section;

| ocating the sensor with its coated unclad section in contact wth the
sanpl e; and anal ysing the el ectromagnetic output to determ ne the presence
of the at |east one type of mcroorganism 15. The nethod of claim 14
wherein nonitoring the el ectronagnetic o éput conpri ses spectroscopically
noni toring the el ectronagnetic output. The nmet hod of either one of
claim 14 or claim 15 wherein anal ysing the el ectromagneti ¢ out put conpri ses
conducting absorption analysis to identify wave |engths of peak absor tlon
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increase with time.

This method of using evanescent wave spectroscopy in conjunction with
microorganisms and, in particular bacteria induced and mediated reaction to
monitor microbial activity in, for example, body fluids provides a useful and quick
indication of the presence of bacteria. The present sensor system process
includes the sensor phase, the biochemical recognition phase and the signal
transduction phase all in one optical fibre. It displays a very short response time
and high sensitivity when used. This invention therefore introduces a combination
of the benefits of, for example, established bacterial mediated chemical reaction
identification and fibre optic spectroscopy. The invention produces a sensor with
high sensitivity and specificity associated with an ability to rapidly identify bacteria
and bacterial activity in real time.

A sensor of the present invention may be prepared as a probe for use in vivo or
alternatively may be provided for ex vivo application. While the below examples
and discussion are directed to bacteria it should be understood that the sensor

method may be turned to other types of microorganisms.

Referring to Figure 2 there is seen a sensor system generally indicated as 19
incorporating a light source 20. A lens 21 may be effectively harnessed to
regulate light output and the angle of incident rays. Light is delivered to a fibre
optic member 22 which has a sensor element 23 which is also shown in close
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Referring to Figure 3 there is seen a probe 32 for a sensor system of the present

invention comprising an inner fibre optic core 33 having an external cladding 34.
The cladding is removed in a sensor zone 35 and replaced by an external coating
36 of a bio-inert material which includes a preselected precursor for metabolism by
bacteria of interest. The interrupted cladding continues 34 and the cladding 34
and inner core 33 are terminated by a reflecting surface 37 which reflects incident
light back up the fibre optic core for analysis. The probe is particularly useful as it
may be inserted into cavities of a patient or into other samples which may be
difficult to access or which may be toxic. The reflected light may be subsequently
analysed according to the above description.
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The light source produces a transmission spectrum as shown in Figure 4A
(depending on the nature of light) wherein wavelength () is plotted against
intensity (T). The evanescent wave distribution at the core-cladding interface can
be represented as in figure 4B. It has a maximum intensity in proximity to the core
and a taper in intensity away from the core. When a photosensitive indicator is
immobilized within a porous class coating at the cladding denuded optical fiber,
subsequently the transmission spectrum obtained is as shown in Figure 4C. The
valley in the transmission spectrum is due to the absorbance of the photosensitive

indicator at a specific wavelength.

The power transmission in an optical fiber, having an absorbing cladding, is given
by the modified Beer-Lambert's law:

P (l) = Poexp (v)) (1)

where | is the distance along the unclad portion of the fiber, PO is the power
transmitted in the absence of an absorbing species and ( is the evanescent wave
absorption coefficient.

The above equation can be rewritten as,
P(l) = Po exp (rcd) (2)

r is the fraction of the power transmitted through the cladding and ( is the bulk
absorption coefficient of the cladding. The evanescent wave absorbance 'A' from
the previous equations as log PO/P(l).

/) rod

4 = - ®
2.303 2.303

Figure 5 shows a graph demonstrating another example of another example of
results from the use of the biosensor. Two peaks are provided at proximity 480
and 640 nanometer wavelengths. Increasing results as shown between 0
minutes, 45 minutes and 60 minutes as plots 38, 39 and 40, respectively. The
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pattern may be specific for a transformed precursor or associated indicator.

Presence of this indicator may be conclusive evidence of the present of live and
active bacteria of a type under investigation.

Figure: 6 is a typical graph representing the activity profile of streptococcus
mutans with sucrose in human saliva monitored by the present fibre optic sensor.
This graph represents the increase in the formation of extra cellular polysacchride
and lactic acid adjacent or on the sensor from 5 minutes to 120 minutes time
duration. The increase in by-product formation with time show two slopes. In the
first phase, the slope is significantly smaller than the second phase. This denotes
increasing activity (greater concentration) of the by-product formation in the
second phase compared to that of the first. The change was detected by the fibre
optic sensor system of the present invention.

It is clear to the skilled addressee that multiple sensor sections may be used on
one single fibre optic member. Such sensor sections may be contiguous or
alternatively may be separated by areas of clad central core. In a further
alternative, multiple fibre optic members may be used. These multiple members
may be arranged substantially parallel and may produce a bank or array of
sensors to provide multiple results.

EXAMPLE 1
Staphylococcus aureus

Staphylococcus Aureus is a pathogenic bacterium that causes significant morbidity
particularly to immune compromised individuals. It is also a common food borne
bacterium. Nosocomial infections due to this bacterium create problems that are
increasing in severity and are a financial and health liability in the clinical
environment. It has become important to develop a rapid detection system for
Staphylococcus aureus and in particular methicillin resistant Staphylococcus
aureus.



. G'10%3%' () - 10938 () - 2a222H3d33dEYNC  Y109%6&' () - 1096& () -

109638 ()-y1096G& () - Z" 10938 ()-: 10938 () - 333E4f 445dEYNC ' 109438 () -

&G 109638 ()-" 10%3& ()- 9! 10%3& ()-10%4G& ()- 10%3& ()-5Q6Y5556f 6dEYNC

867" 10%G&' () - 2T10%3& ()- Y1G 10%3& () -/ G 109 () -

, 10%8 ()-*Z"109%8' () -f6666667T71 70C 10%4 () - Y 109& ()-109%& ()- 10G 10G

10G ' 109638 ()- 7109 ()-1777488899dEbCE” 109& ()-3l 10%& ()-3@

"109%& ()-F'10%& ()- “109%& ()- |"109%& ()-

99t 999: [:}: dEbC&IOY&R' ()-"10%& ()-& Y"10%&' () - ]
A conventional growth and indication medium for the detection of Staphylococcus
aureus is mannitol salt agar, which is both a selective and differential growth
medium. It is used to differentiate pathogenic Staphylococcus species from non-
pathogenic members of the genus Micrococcus. The medium typically contains
about 7.5% salt thus selecting for organisms that are able to tolerate the presence
of high levels of salt. This medium also contains an indicator, phenol red, which is
a pinkish red at neutral pH, red at pH at 7.4 and above and is yellow below the pH
6.8. Organisms that ferment mannitol produce acid as a reaction product hence

causing colour change to the indicator.

A sample containing Staphylococcus aureus was placed in contact with the sensor
portion of the present invention. Production of acid from D-mannitol in the
presence of methicillin resulted in an optical indicator, which was detected by
spectroscopic means, providing a distinctive absorption spectrum.

EXAMPLE 2
Mycobacterium

The infectious agents of tuberculosis and leprosy belong to the same bacterial
genus, Mycobacterium. Infection by Mycobacterium tuberculosis causes fever,
cough, loss of energy and weight loss and serious lung damage. Leprosy, an
infection of the skin, peripheral nerves and mucous membranes is caused by
Mycobacterium leprae. The serious nature of these mycobacteria makes the need
for a rapid diagnosis necessary to ensure appropriate therapeutic treatment can
be initiated as early as possible.

A sample containing Mycobacterium leprae and Mycobacterium tuberculosis was
placed in contact with the sensor element of the present system. Carbol fuchsine
was dispersed in the outer coating of the sensor element. Reaction of carbol
fuchsine with lipids of the mycobacterium cell wall produced an absorption pattern
which was distinctive and indicated the presence of the mycobacteria.
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28 () - S 028G A badlthin) Ctarhinafion nthe dnviranment may be identified using the
system of the present invention. Reaction with general dyes such as methylene
blue and features of bacteria such as the cell wall may produce an optically or
spectroscopically detectable indicator.

A contaminated sample with mixed bacterial population was placed in contact with
the sensor element of the present invention. A general absorption pattern was
detected by spectroscopic methods to indicate the presence of multiple bacterial
organisms.

EXAMPLE 4
Staphylococcus mutans

Staphylococcus mutans is a reliable indicator of a predisposition to dental caries.
The outer coating of the sensor element of the present system was impregnated
with sucrose. The sensor element was brought into contact with a sample
containing Staphylococcus mutans which resulted in metabolism of sucrose to
form latic acid and polysaccharides, thereby resulting in an optically detectable
indicator.

In a further version of this example, bacitracin was also mixed with the sample to
render the test more specific for Staphylococcus mutans.

In one embodiment the system may include data processing means. The data
processing means may assign numerical values to certain characteristics of
identified microorganisms and in particular bacteria. The assigning of numerical
values enables data processing means to assess the status of a sample such as a
biological or environmental sample. Data processing may result in a quantitative
indicator of the status of contamination of a sample or alternatively may provide a
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genus, bacterial species, bacterial variety, bacterial concentration and rate of
development of change of indicator.

The value ascribed to each feature may be referred to as an index value (ly).

The sum of |, ie. X |, provides a contamination index of a sample (C)) value and
this enables an analytical approach to screening and identifying contamination of
samples. Clearly the process may be equally directed to identifying the health or
presence of commensal organisms and normal healthy flora in certain samples.
The (ly) index value for each feature may be stored in a machine readable storage
program, which may be capable of processing the data to provide a contamination
value for a sample or group of samples.

Thus, in another aspect, the invention contemplates a computer program product
for assessing the status of presence of microorganisms of a sample or group of
samples, said product comprising:

code that receives as input index values for at least two features associated
with microorganisms where in the features are selected from a group including:

a) genus of microorganism;

b) species of microorganism;

C) variety of microorganisms;

d) concentration of microorganisms; and

e) speed of development of indicators.

a code that adds the index values to provide a sum corresponding to a
contamination index for the sample; and

a computer readable medium that stores the code.

In a preferred embodiment, the computer program product comprises code that

assigns an index value for each feature of the microorganism or group of
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microorganisms.

In a related aspect, the invention extends to a computer for assessing the
likelihood of contamination of a sample compound or group of samples wherein
the computer comprises:

a machine readable data storage medium comprising a data storage
material encoded with machine readable data, wherein said machine readable
data comprise index values for at least two features associated with
microorganisms wherein the features are selected from:

a) genus of microorganism;

b) species of microorganism;

C) variety of microorganisms;

d) concentration of microorganisms; and

e) speed of development of indicators;

a working memory for storing instructions for processing the machine
readable data;

a central processing unit coupled to the working memory and to the
machine readable data storage medium, for processing the machine readable data
to provide a sum of the index values corresponding to a potency value for the
compounds; and

an output hardware coupled to the central processing unit for receiving the
contamination values.

A version of these embodiments may be represented in a figure which shows a
system including a computer (31, Figure 2)comprising a central processing unit
("CPU"), a working memory which may be, for example, RAM (Random Access
Memory) or "Core" memory, mass storage memory such as one or more disk
drives or CD ROM drives, one or more cathode ray tube display terminals, one or
more keyboards, one or more input lines and one or more output lines all of which
are interconnected by a conventional bi-directional system bus.

Input hardware may be coupled to the computer by input lines which may be
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implemented in a variety of ways. For example, machine readable data of this
invention may be inputted by the use of a modem or modems connected by a
telephone line or dedicated data line. Alternatively or additionally, the input
hardware may comprise a CD. Alternatively, ROM drives or disk drives in
conjunction with display terminals, keyboards and keyboard may also be used as
a input device. The output device, coupled to a computer by output lines, may
similarly be implemented by conventional devices. Output hardware might also
include a printer so that hard copy output may be produced, or a disk drive to store
system output for later use.

In operation the CPU coordinates the use of the various input and output devices
coordinates data accesses from our storage and accesses to and from working
memory and determines the sequence of data processing. A number of programs
may be used to process the machine readable data of this invention.

The computer is located in signal connection with a spectroscope for receiving and
analysing input to produce at least one indicator of the microorganism status of a
sample.

Throughout the specification the aim has been to describe the preferred
embodiments of the invention without limiting the invention to any one embodiment
or specific collection of features. Those of skill in the art will therefore appreciate
that, in light of the instant disclosure, various modifications and changes can be
made in the particular embodiments exemplified without departing from the scope
of the present invention. All such modifications and changes are intended to be
included within the scope of the disclosure.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A sensor for sensing and/or monitoring at least one property associated
with transformation of a biochemical analyte by at least one microorganism, said
sensor comprising:

at least one fibre optic member having at least one unclad portion;

a coating applied to the at least one unclad portion;

a precursor associated with the coating, said precursor transformable by
the at least one microorganism;

wherein

transformation of the precursor produces a spectroscopically detectable
indicator of the at least one property.

2. The sensor of claim 1 wherein the unclad portion of the fibre optic member
is a declad portion.

3. The sensor of claim 1 comprising a plurality of unclad portions.

4, The sensor of claim 3 further comprising two or more separate fibre optic
members.

5. The sensor of claim 1 further adapted to cooperate with analysis means for

determining the presence of the spectroscopically detectable indicator.

6. The sensor of any one of the proceeding claims wherein the coating is a
glass film.

7. The sensor of the proceeding claim wherein the glass film is both porous
and thin.

8. The sensor of any one of the proceeding claims wherein the precursor is
immobilised within the coating.
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9. The sensor of the proceeding claim wherein the precursor comprises one or
more of D-mannitol, carbol fuchsine, methylene blue, sucrose or other suitable
compound.

10. The sensor of claim 1 wherein transformation of the precursor results in a
product which cooperates with an adjunctive compound to produce the
spectroscopically detectable indicator.

11. A sensor system for sensing at least one property associated with
transformation of a precursor by one or more microorganisms, said sensor system
comprising:

a fibre optic member having at least one unclad portion of optic fibre;

a coating applied to the at least one unclad portion;

a precursor associated with the coating, said precursor transformable by at
the one or more microorganisms;

a light source adapted to cooperate with a first end of the fibre optic
member to provide input light to the fibre optic member; and

monitoring means adapted to cooperate with the unclad portion to detect an
indicator signal in received light from the fibre optic member, said indicator signal
indicative of the at least one property;

wherein

transformation of the precursor by the one or more microorganisms
produces the indicator signal by interaction with the input light to produce the
received light.

12. The sensor system of claim 12 wherein interaction with the light is
interactive with an evanescent wave form of the input light.

13. A method of producing a sensor, said method comprising the steps of:
decladding one or more sections of a core of a fibre optic member,
applying a coating to the one or more sections, said coating immobilising a
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precursor to a spectroscopically detectable indicator, the precursor transformable
to the detectable indicator by the activity of one or more microorganisms.

14. A method of identifying the presence of at least one type of microorganism
comprising the steps of;

activating a light source in cooperating relationship to a first end of a sensor
according to any one of claims 1 to 11;

monitoring the electromagnetic output from a coated unclad section;

locating the sensor with its coated unclad section in contact with the
sample; and

analysing the electromagnetic output to determine the presence of the at
least one type of microorganism.

15. The method of claim 14 wherein monitoring the electromagnetic output
comprises spectroscopically monitoring the electromagnetic output.

16. The method of either one of claim 14 or claim 15 wherein analysing the
electromagnetic output comprises conducting absorption analysis to identify wave
lengths of peak absorption of electromagnetic output.

17.  The method of claim 16 wherein analysis of the electromagnetic output
includes operating a programmable device programmed to receive digital
information from a spectroscope and provide an analysis of results.

18. The method of claim 17 wherein the programmable device is programmed
to identify one or more features of the at least one microorganism, the one or more
features being selected from a group including genus of microorganism, species of
microorganism, variety of microorganism, concentration of microorganism and
speed of development of indicator.

19. The method of claim 18 wherein the programmable device is further
programmed to ascribe an index value to each identified feature and provide an
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C;=2v

where:
C = an overall index

Iv = individual indices.



