11 JUL 2006 - 1 FIBER OPTIC Bl O SENSOR FIELD OF THE | NVENTION Thi s,

i nvention relates generally to devices and net hods for identi fy»i-~~n? ‘the:-
presence, and nonitoring the activity, of a particular nicroorgahil dul 2006
including bacteria, in a sanple. Nb[? specifically, this invention is
associated with a device and nethods based on the use of optical fibers

applied to the detection, identification, and nonitoring of a particul-ar
m croorgani sm or species or group of mcroorganisns in a sanple including
an environnental -, industrial-or human- derived sanple. BACKGROUND OF THE

| N\VENTI ON The i sol ati on andFIRERQRTIC BIOSENSORNe or nore mi croor gani sms
present in a sanple has |ong been of great inportance in a w de range of
situations. The fields in which the need for such procedures nay arise

i nclude medi cal diagnosis and treatnent, mlitary applications (e.g.

bi ol ogi calFIBRDfGF PHE HIVENTI®NAOENCi es, agriculture, food processing and
wat er quality assessnent and control. In the field of nedical diagnosis

and treatnment of both people and aninals, tinme may be of the essence in

detecti ng@rilg .@%tﬂoct erjsing a m ﬁr oorgan_i smin order to facilitate
appropri ate ¢ } éﬁ@i‘?? %qr}ﬂr@ Y, dft fevcesrand nethodsniproidesatifiing tthaces
wher e t he paggdriceatdreNnidnit@ri ' el atd . m.ni ng
the presence of m croornétgﬁlpgmh@ngwt;@?(? dgpggteug%gﬁg?rgﬁiiaﬁ%qé%@gw e of
such a sPagierigin asasude; Merespegificaly, Bis iapentiot susssuciated with s dbiiva

which is p ' ' actor to the devel opnment of dental caries., Early
i dentii fi cg Pohﬁgﬁgggﬁ%%ﬁ& %Wﬁeeé)g orfical Sfibeiss ?BB“@C?&QCF'@&Q@“PWQWM h
and gum didesrifieatiolr, atid moRRblig BF &l tisaa; i ' en

i dentified by nmethods . which Ii%c_l uc@?gg?la* ﬁ?é@'ﬁc&%@%ﬁ%@%ﬁg%
recently f'Hﬁ%’t%@i%%'ﬁ?"saWda safaplei inchuling mnobewrortuental, rigdbstdakboi Aunamui r es

t he deposybhgdy Qémﬁles.a”pl e onto a
BACKGROUND OF THE INVENTION

The isolation and identification of one or more microorganisms present in a sample
has long been of great importance in a wide range of situations. The fields in
which the need for such procedures may arise include medical diagnosis and
treatment, military applications (e.g. biological warfare), security agencies,
agriculture, food processing and water quality assessment and control. In the field
of medical diagnosis and treatment of both people and animals, time may be of the
essence in detecting and characterising a microorganism in order to facilitate
appropriate chemotherapeutic intervention. There are many other instances
where the application of a rapid and relatively cheap test for determining the
presence of microorganisms may be of great assistance. One example of such a
situation arises in the case of Streptococcus mutans in saliva which is a
predisposing factor to the development of dental caries. Early identification and

treatment may lead to a significant decrease in tooth and gum disease.

Traditionally microorganisms such as bacteria have been identified by methods
which include cell culture, microscopy and more recently immunoassay and
nucleic acid probes. Culturing bacteria requires the deposition of a sample onto a



11 JUL 2006 2 suitable culture nmedium such as an agar plate: The

conbi nation of sanple and nediumis incubated in a suitable environnment
and after a period of tinme such as 24 - 48 hours, colonies may be
harvest ed and subjected to identifying tests. If mxed col oni1ep lg.fmﬁ
bacteria are grown it may be necessary to resanple the growth rl\ repeat
the process to obtain separate col oni es” &f individual bacteria.
Identification has typically required subjecting the cells fromthe
cultured colony to one or nore characterising tests. These m crobi ol ogi cal
t echni quesswitabie culigrei mediwptsuchrass pr cigaeplateal The combimationeofasarapleuarsd e

anal yti cal rgsul t.. Thgs%‘lﬂpurrentt t echni ﬂues are nostly only qualitative,
and are thEPEMOP & HIAPREA I 3 5H! aRRisnyie gemgadeatiesa bered pf me such as
quant i t at i 3¢Ly48 Bagerdabnies rrH&yf BeChaR¥s i ﬁné IsBjelcteP R ioce‘?\@iﬁ}iﬁgrt%;téqu 'n
choosi ng appropriate tests. Cell walls of bacteria may conpris ree

mor phol ogi B&edycalenien & bagiesiasare grownoitineaynbe necaysary iayesamplestheafrowtipi ds,

pol ysacchay,i teins. Jhis layer distingquishes gram negative
bacteri a f%@ﬁ§§§é§¢ﬂ55é§F§§g%%8BP¥HF%Pa ﬁ%cg@aﬁ$<§&§ﬁWﬁV@ﬂ%a§%%?4a lack this
outernost | ayer thereby providing the basis for one of the nost
fundanental tests in mcroboiology. Devel opnent of identification nmethods

has been déenificalivadas tyrically requites suhjeciing thel cellstirdhe duliviedycaiony to

ecific bl 1 Al I t S0 eci £s.0r . gro of .
?npcr Ioolr galrjlct’ﬁsgrrg Pm"ggfé‘tﬁ‘ ?g@%@%@a s?%%gi f-lisrberg%i T?%B?'é&%i‘%tg%ﬁ‘ﬁ)@?seaﬁ%ﬁ‘ SEHUI cal
reactions dptimumhepeoiraes quility @deidupealn dcdllrat asaptidAbes @t OTnesdRURGAS f o
i denti fyi ng ﬁg_d character| si ngl species and strains. Wth evolving
t echnol ogytechlages Aigi epstnosly gralitative.cand gee thereforeodifficsdinfor meaiteringues

and nucl eigya&isl dcﬂ@iW&ﬁérﬁﬂ&fi@y.have al so been established. There has

al ways been a great i'nferest Inrapid identification of disease related

m croorgani snms. Towards this end, researchers have applied optical

t echni que s,(uch a{s Fourier Transfer lnfrared (FTIR), spectroscopy and

f1 uor escerd@c Sﬁg‘eﬁ ructure may be a significant consideration in choosing appropriate
tests. Cell walls of bacteria may comprise three morphologically defined layers.
The outermost layer may consist of lipids, polysaccharides and proteins. This
layer distinguishes gram negative bacteria from gram positive bacteria. The gram
positive bacteria lack this outermost layer thereby providing the basis for one of

the most fundamental tests in microboiology.

Development of identification methods has been established from past
microbiological studies identifying specific biochemical reactions that some
species or groups of microorganisms display. These specific microorganism
mediated biochemical reactions form the basis of traditionally practised laboratory
methods for identifying and characterising species and strains.

With evolving technology, more sophisticated procedures such as fluorescent
techniques and nucleic acid identification have also been established. There has
always been a great interest in rapid identification 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 bacteria_l strains based on constituents of the cell wall. The latter




t-echni ques. The fornmer technique works on the pri-nci pl e of :obt ai ni ng

conpl ex finger prints from bacterial strains.based.on.constituents of the .

~cell wall. The latter 1 1 JUL 2006 3 technique typically enpl oys
fluorescing protein markers to nmonitor bacterial activity]‘TWﬁzﬁﬁlR
techniques rely on algorithnms and spectral analysis that conpare
~corrugat ed spectroscopic patterns to idedtify bacterial strains. This
met hod requires the use of dry specinmens (after controlled heating in an
oven) for analysis. Consequently, this technique is conplex, tine

consuni ng tectnicarentypitally esgslogs riRaireyciag srobéihi fRirkerd {d YRGIHESIEPS&hased

technique is very_specific for a bacterral reaction but requires an
ext ended p?%tyéta/atc'{?'ﬁ Eh&iéﬁﬁha@ﬁ@ﬁiBeéyitha'qmﬁb@sbaﬂdr@&%@?aﬁnﬂw&latthah of

h : i . . ol o LG cat i ¢
those. ot radaPas opitblad SBperOs e ALY 8 iaZhiT Beets PR ERer 315t o
not wel | auefitosdretaires die use ofisley spcifvepisi (aftel contislledhethgniiGirt 6var)gber et
a/ describes  an o&t ical i 0ass for, mcrobial analytes using

non- speci fAAI¥RfEs CONPRAYMYa IS fechiniaue iscammplex, timgiconsymingaed ganmet be
- 28 _ o ; ! e S i cal
have gt de o difectlen & puieatt, 7eRRoRscinde 85t 1oiighass vty ke R °

> ecu uséec ed of
cont ai ni ngpactetialr raciionabut yequires minxextenided prepyaeatonyg dritk chergqusdsation t he
solid support erjal ich has _an attached capt.ure. nol ecul e specific for
t he suspgg}aég @é?eo ofP 'ﬁﬁ{?% Q?th%s‘?'?'?é)rg? g’f"eﬁ%@iﬁ%‘?ﬁ%ﬂ?ﬁ%ﬁ?"@f'gkﬂ@m-
i nventi on, AppiRatigheofl thebb URAEBTRR N i shie OfimbEESHY
utilises thﬂ)emabi lity ofe somne comggﬁagqﬁ@ég@%)ﬁéq%%% a pgbﬁﬁ%uﬁngr
wave | engtthetferesmtiwell agapted for routineiusat  specific wave | ength. The use of

such nethods usually requires considerable preparation tine and cost in
production. Ligler's nmethod relies on the fixation of a capture nolecule to

the wave dus dgpplidatiorsNo. BIMIGSEOG P DRRjldr ot/ deséritid An opSiEAlinfrh GiBdseaygsi on

of a complex including a dye, the mcrobial analyte and the capturée

mol ecul e. mqr@bngbg@aly?%r ¥sipg gron-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.




necessitates an initial dying step and the production of an:analyte

"~ specific capture nolecule which nust be placed on the wave guide. The
steps are relatively conplex and sophi sticated and require the foundation
step of producing an analyte specific capture nolecule and fi%ijdg 2006 to

t he wave guide. The nethod and device is unlikely to be of particular use
in vivo. 11 JUL 2006 4 US Patent No. 6,286,522 to Schultz discloses a
sensor for continuous nonitoring of biochem cals and a rel ated nmethod. The
di sclosure relates to a sensor capsule having a processing chanber defined

by a wall VS Rhtent NOVB, 258 5pR 36 Bihufty distlostsdh ‘ébﬁsoﬂ\ﬁ)tr%hﬂhu&?soﬁwnﬁoﬁﬁ

Interacting with the analyte Is contained in the chanbe 1 ght souTce,

whi ch mayf gkbigsheypicatmand iapietated setbed) iTier disdosume; netjmearho aasetnlsagsapméat
i tt e aniPYiig S BREsIidRARELY Belnety B L SRInbRh: allivfehSeiae, FEan e

di scl osur eadallqte ndWlatiiat rdapable cﬁaﬁtera%g?fvﬁlﬁﬁthef%rrmtboii EontaftRiE Mtie N9
the presence roorgani smsuch as a ty of bacteria, in a sanple

and rel at e$ %'88% Mgﬁt PUELCH. WhiRh ray b@@phoefmaiab@ cgnges bghl t? impinge o o
lthansRid
o et or m itraureRugent pRrfsh eLUTPERUDLEE MaoREe MithBiaditdcbt if GhhgBedd" "

bacteria aaod prifted abd ynay Hemrrodassed to kieterhiing conpestratiorost 4y aRalgfe. The
rior art in this specification is not,

' Th f
and. Shoul CHRBSHE £ass otaisscie A RBRY egheiiectble mehadion aetoamisye thon

t hat that f
count 1y SRR OF TEORET e A SRR AT 0 A FHEEER felhPEle (e
cont ext r eqyglatielychmpléx sophisticateddand’ msirlprplscé of equipmenat i ons such as

“conprises" or "conprising”, will be understood to inply the inclusion of
a stated elenent or integer or group of elenents or integers but not the

excl usi on lpiwcilty beldiRantagBrid! toXrovidee §LicR arit EHfEctile MBI bfdetermining

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;



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 |east one
property associated with transformation of a biochemi cal analyte by a

m croorgani sm said sensor conprising: at |least one fibre optic nenber
having at | east one unclad portion; 5 11 JUL 2006 a coating apgliﬁﬁdhﬁ t he
at | east one unclad portion; a precursorsassociated with the c ét , said
precursor transfornable by at |east one m croorgani sn wherein
transformation of the precursor produces a spectroscopically detectable

I ndi cator of t ; ggﬁ% . ' anism may be a

pr okaryote or gﬁﬁg%@%qagﬁﬁ“ euégé%'ﬁé#ﬁgﬁr}@gg&aé&&ﬁé lian cell including a
human cel |, or aphesurson associzdéd withctheacoating] Said Prec@isbr trah@@?m;:\bfdlba{guﬁ or
anoebi c Cﬁ”'tA rokaryote is particularly preferred and includes all
genera andfB? Lo AN Bt eri a. The uncl ad portion of the fibre optic
menber is prefayRpieyn @ decl ad portion. The fibre optic nenber may have a
plurality of unclad portions. The plurality of unclad portions nay be
conti guous, spdtatsformatienobithatprecursor tgredtuees aTémecirseopioally detedtabiese

two or nor, arate fjbre optic nepbers. The separate optic fibres my be
substantidﬁ?@gg)ziroi}ﬂlj%?{. Il()ag?teqrgq BIfIRPWhe at | east one fibre optic menber has

a first end adapted to receive light froma |ight source. The at |east one
fibre optic menber may have a second outlet end adapted to co-operate with
anal ysi s nE¥hicoigarism maytbe apprekenmie arfeukaeyatpecA redaoyitedhtipdes a

det ect abl e L ndi (o] I t ast one fibre optic er, _may .be formged in
el et a0 AR S T & O arg i e BiSa  EBB6 pah e 2T
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 unclad
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



‘adapted to receive light froma |ight source, a second end adapted to

- co-operate with analysis nmeans to determ ne the presence of the »
spectroscopically detectable indicator and a reflective end for reflecting
light, the reflective end | ocated on the equivalent and the declad portion
of the Iower nost armof the "Y' shape. The coating is preferagly g &iass
film Suitably the glass filmis both pogeus and thin. The pr dulsd Erray
be immobilised within the coating. Alternatively or additionally the
precursor may be inmmobilised on a surface of the coating. The precursor

nmay conprigigeO8fcr8se prﬁwlesu%H%’}ngﬁ%un arbol fuchsine, nethylene 6 blue,

sucrose or other suitable conpound. JL 2006 The precursor may be
selected to identify the presence of a single mcroorganism species or,
perhaps, variety. Alternativel the precursor may be selected to identify
bvo or _rror B PLSEpYaPY hessriested 19 a5y e piosgints of actipdierBlcsetroantsst
pref er abl YSﬁé'tﬁe@ro@,CEéﬁﬁdps', Sva?r@tﬁc'fﬁﬁeﬁwﬂtivglg,r"thé Yré&s8k rﬁ@%fbeb?fl%%fédato
Transformation of the precursor’” may producé the spectroscopically

det ect abl eldentilyi twex @ mere sycioprgAnisey spadiesby yaretiessona group theyeof hilost

precur sor I i roduct I C operates with one or nore
adj unct i ve&%g%gﬁﬁhé ptrgc"g%'g'ﬁcsfﬁl?%ﬁg@% 5@5‘?’&0 Bf e Pagieract abl e
i ndi cator. "Spectroscopically detectable” may include optically detectable.

The spectroscopically detectable indicator is preferably substantially
fornmed i n Bransfrmadioneghihies peerurspymaywaraskicadihecepectiascapically cletectable of

a fibre opt th ungl ad I on. The .
apect r oscapr et Aty {AlieRiathERE R Tfioh of R PikauiRe mevi festlhina o
by evanesqeotiuti whichvdoperates witts 666 b nesrBegijuridiRel dNPd IS togsrodase thk a
sensor systemfor senal:e&%ﬁat | east one property associated with

t r ansf or metRESHOSEORICH gi@blayipdigatorar more  mi croor gani sns, sai d system
conprising: a fibre optic nmenber having at | east one unclad portion of
optic fibre;

"Spectroscopically detectable" may include optically detectable. The

spectroscopically detectable indicator is preferably substantially formed in a zone
of evanescent light waves adjacent to an outer surface of a fibre optic core of the
at least one unclad region. The spectroscopically detectable indicator may, in
operation, be illuminated by evanescent light waves.

In a second aspect the invention resides in a sensor system for sensing at least
one property associated with transformation of a precursor by one or more
microorganisms, said 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
least one microorganism; and

a light source adapted to co-operate with a first end of the fibre optic
member; )

monitoring means adapted to co-operate with the unclad portion to detect
an indicator signal;

wherein

transformation of the precursor by the one or more microorganisms
produces the indicator signal.



a coating applied to the at |east one unclad portion; a precursor
associated with the coating, said precursor transformable by at |east one
m croorgani sm and a |light source adapted to co-operate with a first end of
the fibre optic nenber; nonitoring nmeans adapted to co-operaﬁi nL? t he
uncl ad portion to detect an indicator signal; wherein trans H n of
the precursor by the one or nore nicroor@ani snms produces the indicator
signal. 11-JUL 2006 7 In a third aspect the invention resides in a nethod
of producing a sensor, said mnethod 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 imobilising a precursor to a

spect r oscofl adhirg %ﬁﬂ%‘ét@%ll@mﬂf@incfﬁs@?e,s ttha rpethodr ebpraduging arsemisbe said t he

det ect abl e gl oyt | yi.ty of one or nore mcroorganisns. In a
fourth asp(raﬁcétm(lt)%g&?]wg% itggs?ée‘éél %fés in a nmethod of identifying the presence

of at |east ondetlpddingford or morgeadtins dfecdaretdfeditrerapticvhéabene steps of .
activating a | ight source i.n co-operative relationship to a first end of a

sensor as her ei APRKYW 2 58atING{M therPhe @ Mirresastionsnerjd eorting immebilisingan a

ted. ST ; : \ ; |
cect fon | nPIEISso @ Spect SBbiGly [uteaBBRANARNIGH e ptEh ratifoBatle o,
t o det er m teethetietpctablnindioatortbhethatactivitg of ona er nare mitrodrgamismgani sm

Monitoring the el ectromagneti c out put may conprise spectroscopically
moni t ori ng

In a fourth aspect the invention resides in a method of identifying the presence of
at least one type of microorganism, the method comprising the steps of:

activating a light source in co-operative relationship to a first end of a
sensor as herein described;

monitoring the electromagnetic out-put from a coated, unclad section;

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

analysing the electromagnetic output to determine the presence of the at

least one type of microorganism.

Monitoring the electromagnetic output may comprise spectroscopically monitoring
the electromagnetic output. The electromagnetic output may be light output.

Preferably the electromagnetic output is monitored through a second end of the

sensor.
Locating the sensor may include immersing the sensor in a liquid sample.
Locating the sensor may alternatively or further include placing the unclad section

in contact with living tissue.

Analysing the electromagnetic output preferably comprises absorption analysis to
identify the wave length of peak absorption of electromagnetic output.

Analysing the electromagnetic output may also include operating a programmable



t he el ectromagnetic output. The el ectromagneti c output may:be |ight output.
"Preferably the el ectromagnetic output is nonitored.through-a second end of
the sensor. Locating the sensor nay include imersing the sensor in a
liquid sanple. Locating the sensor may alternatively or furtgq Bﬂ ude

pl aci ng the unclad section in contact wwth living tissue Y Lrr@ﬁthe

el ectromagnetic output preferably conpri8es absorption analysis to

identify the wave | ength of peak absorption of el ectromagnetic output.

Anal ysi ng the el ectromagneti c out put may al so include operating a

pr ogr anmebdevidd piddraresd o fReiveedigitAdnRIIMRE R Qrdn?ﬁ%p\é%trgé&ﬁ@énd PFchia@t I on
froma spectroscope and provide an analysis of resul'ts. The light source
may be anya%aﬂﬂﬁéﬁéﬁdﬁﬁdghtus and may conprise a tungsten- hal ogen | anp. A
xenon-arc |anp may al so be used. Preferably the nonitoring neans includes
spectroscopi ¢ anal ysis neans. The spectroscopic analysis neans may incl ude

a processiTige $|glat souiceCinagi g ady duitable apparatils BREUhay Yonmimiel MithegdtBpUt
data froma s iﬁoscope b) a store for storing identification data for

one or rmr'éal Mg A %ﬁﬂ?“%’}? lamprraa alssrbe used.pr ocessor bei ng adapted to:
1) conpare the input data to the identification data; and 2) generate a
report indicating presence and type of one or nore mcroorganisns. The
processor Hﬁmjeﬂablypthmgmmﬁ&ﬂir@omnsdnemmb&eﬁeiﬂvsbbbmérhamsndahaam@i Crheray

i ncl ude |nfor$at|or1 such as sanple origin, tine and date of cqllection.

BRI EF DESCGRISSYOSRPRIE 2PAlY SIHRARRE:E3Y jGiude RIRsRssIRgsyRtaminciuding ableast at i on
of a first embogh mendn RlpuRfcte8EANING inp bt atl HoRT AlspeRif 65t d Y-

b) a store for storing identification data for one or more organisms; and

c) a processor, the processor being adapted to:
1) compare the input data to the identification data; and

2) generate a report indicating presence and type of one or more
microorganisms.

The processor may be programmed to store sample identification data which may

include information such as sample origin, time and date of collection.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a schematic representation of a first embodiment of a sensor of
the present invention.

Figure 2 shows a schematic representation of a second embodiment of a sensor
of the present invention.

Figure 3 shows a side schematic view of a sensor probe.

Figure 4A shows an example of a spectrum of light production from a light source.

Figure 4B represents the evanescent wave distribution at the core-cladding
interface.



Figure 2 shows a schenatic representation of a second enbodi nent of a
- sensor of the present invention. Figure 3 shows a side schematic view of a .
sensor probe. Figure 4A shows an exanple of a spectrum of -I'i ght production
froma light source. Figure 4B represents the evanescent wavielWi &% i bution
at the core-cladding interface. 9 Figure 4C represents an exanple of a
transm ssion spectrumfroma sensor sys®em Figure 5 shows a graph for

| i ght absorption over tine for a sensor of the present invention. Figure 6
shows a graph for variation in intensity of the absorbance valley when
usi ng a sensor system of the present invention. DETAILED DESCRI PTI ON OF THE
| NVENTI ON }hﬁﬂgr 8ent invention is directed to a fibre optic m croorgani sm
sensor whi €M y‘(f beRiERNtE A eXxamplaref aAdrnsnissiea spectiim &pecaf sensor
activitiesgpftefi Croorgani sns. The term "sanple" includes inter alia a

bi ol ogi cal , 1 ndustrial and/or environnental sanple. The term "bi ol ogi cal
sanple” is used in its broadest sense and includes a sanple of tissue or
cells fromea tissue or orgap Jsqlated by, for exanple, surgical

i nterventi murﬁisfgﬁlg?vys Iaﬂr'%ﬁﬂffp[l ight abseratien cugr timesfor & sensar g the paegant
products (ffentighi Nne, faeces), blood collection procedures or invasive or
passi ve col lection procedures. The expression "bl ood collection
procedures" enconpass serum plasma and bl ood fractions. Furthernore, a

bi ol ogi cal I conprisg cells mai.nfained.in vitro culture or
sus pe%si on!:?gi'r}%iiﬁg‘g‘x’ﬁaﬂ ggaé’rli‘p\%é W%',a?'PHéPéf‘{ﬂ”éRy &f t@%ﬁbée?h%}?eova' ph&Ri on
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The present invention is directed to a fibre optic microorganism sensor which may
be used to detect and monitor one or more specific activities of microorganisms.

The term “sample” includes inter alia a biological, industrial and/or environmental
sample. The term “biological sample” is used in its broadest sense and includes a
sample of tissue or cells from a tissue or organ isolated by, for example, surgical
intervention, biopsy, lymph fluid, exudate (eg. pus, discharge), waste products (eg.
urine, faeces), blood collection procedures or invasive or passive collection
procedures. The expression "blood collection procedures" encompass serum,
plasma and blood fractions. Furthermore, a biological sample may comprise cells
maintained in vitro culture or suspension. A biological sample is, therefore, a
collection or population of cells which may comprise a single cell type or comprise
a mixed population of two or more cell types. An environmental sample includes
an industrial sample and encompasses any location such as a watef supply, food-
handling areas, terrestrial locations, waste-dumps, commercial areas etc.

‘As contemplated herein microorganisms include prokaryotic and eukaryotic cells.
Prokaryotic cells include any bacterial or microbial cell such as present in an
environmental or biological sample. Such prokaryotic organisms include
Pseudomonas sp., E. coli, Enterobacter sp., Salmonella sp., Klebsiella sp.,




As contenpl ated herein mcroorgani sns include prokaryotic and eukaryotic
~cells. Prokaryotic cells include any bacterial or. m.crobial cell such as
present in an environnental or biol ogical sanple. Such prp#qm_y@tuﬁc

organi snms i nclude Pseudononas sp., E. coli, Enterobacter sp.,” Sal nonell a
sp., Klebsiella sp., 11 JUL 2006 -10 Acetobacter sp., Porphroynonas sp.,

St aphyl ococcous sp., Streptococcus sp.,- 10acillus sp., Proteus sp.,

Hel i cobacter sp., Canpyl obacter sp. or Legionella sp. anongst many others.
Viruses include hepatitis virus, a retrovirus, an AIDS virus (e.g. HV),

foot and nécelobdictaasie, VorplBroymaamds SpViStaphAoes&s3usT8pY, Sirésfosoccus sp.,

Eukaroytic_cells include eukaryotic organi sns such as yeast, fungi, anoeba,
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DSM 12260, ofepismgROSAT Srinfs ik WM q’&% ' scron BTX,
Bur khol deri a kurgri ensils@%JCM 10599, 6c%e%u ﬁ)@f]gllrl 0 ci}le%ﬁ ?rr%tge ?P\?brans SF3,
Escherichia coli HS(pFanp) R, Kocuria rhizophila DSM 11926, Mt hyl obacterium

hi | i MDA My teri ] C 511, bacteri '
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aer ugi nosaRRERAIKYL, Q558 URIHBY a] V21U NSS4 Nﬁi‘ﬁo%ﬂ’é@wﬁl@WZ DL538,

aer ugi nosa_HER- 1010, Pseudononas aer Ugi nosa HER- 1009, Pseudonona

aer ugi nosaDRHER180163HASe UGBS €600bfindSEOHERNIN102, BNNOE0BIR HBHES)as
brocaber g B2 Diter ALY bAgH Tl 1 B s oL e
pneunoni aefoNBRihg BAdtea cdpatobaceimaosiRe HSU012262, Aminomonas paucivorans
DSM 12260, Asaia bogorensis JCM 10569, Bacteroides thetaiotaomicron BTX,
Burkholderia kururiensis JCM 10599, Desulfovibrio dechloracetivorans SF3,
Escherichia coli HS(pFamp)R, Kocuria rhizophila DSM 11926, Methylobacterium
mesophilicum AM24, Mycobacterium avium MAC 511,Mycobacterium avium MAC
101, Phormidium corium, Pseudomonas aeruginosa ERC1, Pseudomonas
aeruginosa HER-1001, Pseudomonas aeruginosa HER-1002, Pseudomonas
aeruginosa HER-1010, Pseudomonas aeruginosa HER-1009, Pseudomonas
~aeruginosa HER-1016, Pseudomonas aeruginosa HER-1017,
Pseudoxanthomonas broegbernensis DSM 12573, Ralstonia gilardii LMG 5886,
Shewanella frigidimarina ACAM 591, Shewanella gelidimarina ACAM 456,
Streptococcus pneumoniae MS22, Streptococcus pneumoniae Fi10,
Streptococcus pneumoniae 51702, Streptococcus pneumoniae TW31,
Streptococcus pneumoniae TWA17,Thiomicrospira frisia JB-A2, Thiomicrospira
kuenenii JB-A1,Treponema lecithinolyticum OMZ 685, Treponema maltophilum
BR, Treponema maltophilum PNA1,Treponema maltophilum HO2A, Ureaplasma
urealyticum. Still other microorganisms may include but are not limited to the
following fungal cells Hyphodontia australis 231Kluyveromyces lactis CK56-
7A Kluyveromyces lactis CW64-1C, Prosthemium asterosporum A1, Prosthemium
betulinum B1 Saccharomyces cerevisiae 1A-H19 [psi-], Saccharomyces cerevisiae

S5V-H19 [psi-], Saccharomyces cerevisiae 1-5V-H19, Saccharomyces cerevisiae



~Streptococcus pneunoni ae 51702, Streptococcus pneunoniae TWB1,
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in the sensor region of the fibre optic system This provides a device
whi ch may perform neasurenents rapidly and qualitatively and

A eukaryotic organism includes a yeast, fungus, amoeba, parasite, insect and the
like.

Preferably the utility of the present system arises from the capacity for tailoring the
system to one or more wide range of types of microorganisms including bacteria
and specific strains of bacteria, by the selection of a relevant biochemical reagent
or precursor for incorporation in the sensor region of the fibre optic system. This
provides a device which may perform measurements rapidly and qualitatively and
even quantitatively. The system provides a safe means to analyse biological
materials and biochemical reactions.

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



~even quantitatively. The system provides a safe neans to anal yse bi ol ogi cal
mat eri al s and bi ochemni cal reactions. The nethod of the present invention
may be conveniently classed into three phases being: 1) a fibre optic
transducti on phase; 2) a biochem cal recognition phase; and f?]@kgnﬁ
spectroscopi ¢ anal ytical phase. The fibre optic transduction p A grises
fromtransm ssion of |ight through an -ok+cal fibre during which total
internal reflection takes place at an interface between the core of the
fibre optic nmenber and an external cladding. During each total internal

refl ecti onperetratet ahe cidin@n This @aoetis GEREN eid evamsiceht Wave! TR Brdskend UL
2006 -12 penetrates the cl addi This wave is called the evanescent wave.
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medi um t haevanescenhuavietis Hatnesderl keimteract With eanediem thatesBraiRrRript ien
phenonenon_ at the core cl addi n% i nterface of an optical wave guide is used

to determ HE $ET5YU, R SNAPSFCAT wave abrerption phenoraenen ahdhe come elndding
M Cr 00r ganjn ey i cul Akl ' IRVATE SRR V4o : I cal
fibre is flor mdcfgﬁﬁal?ﬁ?%%é\éla "gé‘éér/ rned%Pgég tg?{f#tlﬁﬁéh\?é 8%@3“‘?%@& ‘%E(? es
from the pehdnical amdablest asgpdiated withemicrdbeyaplisras, And gdrticplagf asastedal,
usual |y madeiwgé a process called nodified chem cal vapour deposition

(MCBD) . | $° D, oxygen is bubbled through solutions of silicon chloride
(SiCL4), germaniumchloride (GeCl4) and/or other chem cals. The precise

m xture governs the various physical and optical properties such as the

i ndex of rEypigaiy am opticaldibire d$ formest byerysking arprefoimed| glasscylivider sdraWirg gas

vapours nBtY\éﬁﬁ%sq?om 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 (SiCLy),
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.




conducted to the inside of a synthetic silica or quartz tube which forns
the cladding. Under the effect of heat, silicon and. germaniumreact to
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si ngl e nmod@idrbid BSdivhictdy. are used to transmit one signal per fibre or
mul ti-node fibres which nay be used to transmt many signals per fibre.

The single node fibres have small cores of approximately 9 mcrons in

di anet er i le. multi-nmode fibres have | arger cores which be t.o 62.5
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A precur sanicpborganReh oF GedleobhReebigaishbiis sérRatdd @Nidestify the presence of
the microorganisms. A precursor or transformable element of this reaction is
selected for localisation in a coating placed over the denuded or declad optic fibre.
Transformation of the precursor by microorganisms may result in a
spectroscopically detectable indicator, the presence of which will be monitored by
appropriate analysis means. Additionally, or alternatively, a specific indicator may
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(OC;Hs)4+4H20—5Si(OH),+4C,HsOH
Si(OH)s—Si02+2H20

The hydrolysis reaction of TEOS proceeds via the replacement of —OC,Hs groups

by OH groups. Nominally, four H,O molecules are required for the complete



selected for localisation in a coating placed over the denuded or decl ad
optic fibre. Transformation of the precursor by.mcroorgani sms may result
in a spectroscopically detectable indicator, the presence of, which will be
noni tored by appropriate analysis neans. Addltlonally, or é\lgﬂnﬁmﬁvely, a
specific indicator my also be selected wherein the transfornmed precursor
will activate an adjunctive, co- operatilfg i ndicator to provide a nore
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
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tenperature. After éiﬁhours Ee prng%faﬂr]égr é%l ut Forﬁlg%(?%ilﬂg%ﬁu gﬁ%%ltor
may be mxb@IUSﬁd)fodblsliwrpns& the material. This prepared sol nmay be used
to coat the unclad portion of the optical fibre. D p coating equi pnment nmay
be used for this purpose. The outer sol-gel coating displays

three- di meTihe QORI sBRYERESARY: didpiayPiREEIiIRENSIBAE! 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

composntlon 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.



si.ze ranges from10 nmto 100 nm However, the preferred pore size may

- change with different applications. The porosity can be varied by: (1)
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characteristic of the particular species. In this system the indicator or
precursor is selected based on the products of netabolismor other
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radiation. Utraviolet and visible light incite electrons in atons and
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speci es W $fredthagcopic dnstalmenty itherebyepidvadingeaCquantitative 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



the | evel s of any given anal yte can be rapidly determ ned using nodern
“spectroscopic instruments thereby providing a quantitative indication of
the anmpbunt of the nmaterial present. Referring to Figure 1 there is seen a
sensor system of the present invention generally designated a$110L 280ke
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active tar %et ed cells, if present, nmetabolise these selected precursors to

produce anNCIRASEW B @8I our or ot her indicium such as an absorption
pattern. The reaction may produce an indicator by activating a specific
I ndi cator which may be separately included in the outer coating as an

adj unct t oThisemethadsbbrusiriy eevarasseendrwave 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 serisor 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



 The sensor system nay produce an immedi ate response which rmay be nonitored
by a spectroscopic nethod in real time. The.response,. .in_ sonme situations, ,
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in conjunction with mcroorganisns and, in particular bacteria induced and
medi ated reaction to nonitor nicrobial act|V|ty in, for exanple, body
fluids provides a useful and quick indildation of the presence of bacteria.
The present sensor system process includes the sensor phase, the

bi ochem cal recognition phase and the signal transduction phase all in one

optical fidetail. Mhedermongtementcomphssd adeshenssctioh® obadibhd @btl@@@%‘ 2HVvity
when used. Thi s .i nvention thgéefore i ntroduces a conbination of the
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sensor with high sensitivity aid specificity ass
rapi dly i deampleymbydnteract wxﬂnﬂwdaprﬂoarsc&ltoqnbdmé pphmliy&ﬁétebﬂame indicsgorsor  of
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that the sensor nmet h my be turned to Ot er t es o m Cr oor
Ref erring et givgly smallquantity of sweplea:seeqemed iacyadeqmayemnahegsel theliseasor as

i ncor ma effectively harnessed
+egul Sribhe iy cribailEt B e Hefloo Grorides it pask oo dedregion
del i ver ed wmhaIéWbé@unrémEathomtﬁBﬁt’ty?c#‘sW@bf%ﬁbmaS a sensor el ement 23 which
is also shown in close -17 detail. The sensor el ement conprises a declad

section 24 of a fibre optic core 25 and surface gel coating 26. The
surface g 6; i for ) bi 0-i nert substance
cont ai ni g e SaretiaiE oAb By YortAlE 0 trBeipta MR Res T gbﬁwﬁvféﬂ Y
i nteract védritinube awmg:mesmsret@ptwmémbermtﬂo@bbdctﬂﬁhe@r@@ eAf fhiH Eéi'ht)ra‘h
The sensor, el enent 23 may be located in a channel 27 in a test 28.
inquiry 1s made of presented light and data is input through lead 30 to a processmg
means in the form of computer 31. Preferably the computer has a data store of
information relating to characteristics of individual bacterial species or varieties.
The computer may be programmed to compare incoming data against the data
store to thereby provide an indication of the identity of bacteria present. Further
the intensity and degree of the spectrometric results may result in an estimation of

the quantitative concentration of bacteria in a sample.

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.



sensor el enent 23 may be secured to the floor of the channel 27 using
wedges so that a very small quantity of sanple is required-to qg@gu@ﬁ{ﬂ y.
“imrerse the sensor portion. This enbodi nent of the device proJi easy
accessible test region with a low requirenment for quantity of specinen.
The detectable indicator may be optical lé det ect abl e and produces |ight

whi ch continues along the fibre optic- er 22 to a spectroneter 29. At
this point, an inquiry is made of presented |ight and data is input
through |l ead 30 to a processing neans in the formof conputer 31.
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Referring to Figure.3 is se robe 32 for a sensor_system of the
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i nterrupted gl addi ng _continues 34 and the claddjng 34 and inper core 33
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back up thmdfdd%@t@géé‘cimgvé@h gpnal ysis. The probe is particularly useful
as it may be inserted into cavi?i es of a patient or into other sanples

which may be difficult to access or which may be toxic. The reflected
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Figure 4A by tlepeiodified Beertimbatgngwof |ight) wherein wavel ength (X) is
plotted against intensity (T). The evanescent wave distribution at the

core-cladding interface can
P () = Po exp (vi) (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 (ral) (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).

Yl rod

4 = — = (3)
2.303 2303

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




- be represented as in figure 4B. It has a nBX|nun1|nten5|ty In proximty to
the core and a taper in intensity away fromthe core. Wen a
photosensitive indicator is inmobilized within a porous class gwfz g

the cladding denuded optical fiber, subsequently the transnlsS| @ ctrum
obtained is as shown in Figure 4C. The valley in the transm ssion spectrum
Is due to the absorbance of the photoseﬁ?rtlve I ndi cator at a specific
wavel engt h. The power transmi ssion in an optical fiber, having an absorbing
cladding, is given by the nodified Beer-Lanbert's law P (1) = Po exp (yl)

(1) where patternt maydbet spedifialfona traasionmeadppiirson opfadsbeidtedandicRri S
the power _transm tted e absence of an absorbing species and (is the

evanescentF (#5¢ace §B'§d98'8ﬁ By ibs ernclustye exisdensefbeirsasenirofive and
rewitten asivefdciera 6a it ( @ér)ln&%llgétlbﬁ the fraction of the power

transmtted through the cl ad I ng an I's the bulk absorption coefficient
of the cl addi ng The evanescent wave absorbance '"A" from the previous
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I ndi cat or.
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.



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

typi cal graph representing the activity profile of strept ocqﬁc ?9_ G@Ut ans
wi th sucrose in human saliva nonitored by the present fibre pm c2 ensor.

This graph represents the increase in the formation of extra cellul ar

pol ysacchride and lactic acid adj acent-26k- on the sensor from5 mnutes to
120 mnutes tinme duration. The increase in by-product formation with tine
show two slopes. In the first phase, the slope is significantly smaller

than the sAcondeptiors grawirsane nudiestion MEUARA fOOthacddtétion 688RMI§Iococcus
concentration) aof the py-product formation in the second phase conpared to

that of th@UAEUSSE. m?ﬁe't%'h%%@%aswaé%eﬁ bathy selectiveread differentiadrgrowth
system of @ik eﬁte'%tuéé?i"t%nélffgfénu'aie bﬁthcdg%?ﬁc é%ﬁépﬁacﬁﬁggéeggﬁﬁgg {i e t hat

mul ti pl e sensor sections nma one Si
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by areas of cl alternative, multiple fibre

tx entl{]@@ core. a further
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Aur eus i s appisiorpshatoneadrad pH, ued BhpH a:tallémdsatgmefamhrstyemrl\bbdoWhe pH
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bor ne %grf@ﬁamq{%’ggéﬁ% glrrr%rgﬁ? Bt ir@gLVi %l?fﬁ‘ci'an% 3 5eactionprodpebpence

pr obl em; témts"g@doun@ﬁ@@qg fodhkingied@ri ty and are a financial and health
liability in the clinical” environment. It has becone inportant to devel op

a rapid detection systemfor Staphyl ococcus aureus and in particul ar

methi ci 111 A sbaiS LoRki n‘?ﬁ&@?g[kfﬁﬁ CoctUs atireds was p}ac‘%egl"mzc%%?aét %th 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.



-A conventional growth and indication nediumfor the detection of

St aphyl ococcus aureus is mannitol salt agar, which is both a sel ective and
differential growth nmedium It is used to differentiate patHdghiBlb

St aphyl ococcus speci es from non- pathogenic nenbers of the genus

M crococcus. The mediumtypically contains about 7.5%salt thus selecting
for organisns that are able to tol erate 4he presence of high levels of
salt. This medium al so contains an indicator, phenol red, which is a

pi nki sh red at neutral pH, red at pHat 7.4 and above and is yel | ow bel ow
the pH 6.8. Organisns that fernment BMAMPIE 3pr oduce acid as a reaction
product hence causing colour change to the indicator. A sanple containing
St aphyl ococcus aureus was pl acednvioastatel Samplinghe sensor  portion of the
present invention. Production of acid fromD-mannitol in the presence of
methicillin resulted in an optical indicator, which was detected by

spectr oscoﬁe@ermdlanteiﬁalo&drdian@naidi #1 thec envieorahent pidyobe $gestifiednusibfAMELE 2

Mycobact eri um The, j nf ecti ous agents t uber cul osi s and | eprosy beI ong to
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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



EXAMPLE 3 Environnental -Sanpling General bacterial--contam.nation in the

~ ‘environment 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 spectroscopilchlLi?
detectabl e indicator. A contam nated sanple with m xed bacterial popul ation
was placed in contact with the sensor -&2enent of the present invention. A
general absorption pattern was detected by spectroscopic nethods to

i ndicate the presence of nultiple bacterial organisnms. EXAVPLE 4

St aphy| ocogeneriomesalissusthegs$ibwt o timsdstadt@nand Thigh' &dritalimationdegas or of a
predi sposition to dental caries. The outer coating of the sensor el enent

of the present systemwas inpregnated w th sucrose. The sensor el enent was

brought | e $is6t atthiuleS whitiPhRy (RPBSGIIIAE nah R g@gggﬁ@uggg%ggeﬂg’gi ch

resulted in netabolism sucrose orm I C acl y es,
t her eby r egenus, leadterialnspectiesabaytetiat eatiaty, ebadtadalcedrgenttation and tragy of
ver si on ofdthis exa,'gg , _bacitracin was also mxed with the sanple to
render t hed§¥SQPRER 9Fidf InQIeater.aphy| ococcus mutans. In one embodi ment
the system may include data processing neans. The data processing neans
may assign nunerical values to certain characteristics of identified

mi cr oor ganl Reraliedscribed te each featbeectnayite reféreechitsag an igdef valuekk,). cal

val ues enabl es data processing neans to assess the status of a sanple such
as a biological or environnmental sanple. Data processing may result in a
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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 (lv) 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




generic result, such as "low"' or "noderate" and "hi-gh"  contam nation
“levels. The types of attributes which may be ascribed a nunerical val ue
i ncl ude bacterial genus, bacterial species, bacterial varietquﬂﬁpm I a
concentration and rate of devel opnent of change of indicator. e val ue
ascribed to each feature may be referred to as an index value (Q The sum
of I,,, ie. EI,,, provides a contam naZBon index of a sanple (C, ) val ue
and this enables an anal ytical approach to screening and identifying
contam nation of sanples. Clearly the process nay be equally directed to
i denti fyi ngicrdbarghnBhish or presence of commensal organi snms and nornma
healthy flora in certain sanples. The (I") index value for each feature
may be stored in a machi ne readabl e storage program which may be capabl e

of procesgpn Vil ] i I r | g or
aroup of - oy 'Shelhilct, RS REnfiof SHERIFRE' & konifish fob o s3PB. e
conput er pdikefhaod pf cdotaminfation axfsesampie tbmpsuat us groupr &fsssmglesfwherein

m croorganjsns of a sanple or group of sanples, said product conprising:
code t hat qb@&@ﬂ%’éefa%oﬁiﬁﬁ&i ndex val ues for at |east two features
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group including: a) 3enus_ of m croorgani'sm species of mcroorga
c) vari et ynaferial @ncodgadwitmmachine seadalleadatan wifereincsaidr maohinesreadable e)

speed of I nt of. indicators...a cpde that adds, the index, values,to
provi de adcgq\j% ggﬁep&sﬁon'apﬁé t\/ghlaes J8ht aﬁﬂﬁﬁﬁ{%ﬁvq ngéiu’f‘??r asseciaipg| Withng a
conput er rARESIYENIBREY WheidittheSfealifes bhe serRdfd frma preferred enbodi nent,
t he conputer program product conprises code that assigns an index val ue

for each featur@® of gehus@f sriewosganism or group of -23

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



‘mcroorganisnms. In a related aspect, the invention extends: ‘{0 a conputer
“for assessing the |ikelihood of contam nation of a sanple conpound or
group of sanples wherein the conputer conprises: a machine rfﬂqﬂaz Bdata
storage nedi um conprising a data storage material encoded w I ne
readabl e data, wherein said machi ne readable data conprise index val ues
for at least two features associated\MTZﬂ'nicroorganisnB wherein the
features are selected from genus of mcroorganism species of

m croorgani sm variety of mcroorganisns; concentration of

m cr oor ganimpiemmrheld speedaridty defwed p mielr eXampld] ARCANS readddikidath BES Y
for stori n ﬁtructl ns. fobparocesm ng the machi ne readable data; a
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conpounds; haigiwvaie mﬂypaommlse\/\ar6Dc01Adtadatmelyhé{C0Mntin&ésmmdfsksdrigesmmt
for receiv m ion v es. A version of these enmbodi nepts nay
be repr eseﬁﬂgﬂﬁgprbwqﬁéﬁ?@ ‘?rgﬂngﬁogg yboards angrkeyhepidimay alse hepus an§31
Fi gure 2)canmpitsdedca Cﬁiétbé‘ﬂ URTRVRS I dddipled fo a(coﬁ'l'm;ﬁ{lt)er by al%ght [ifes TRy

whi ch may be, for exa M (Random Access
mass st or ag@ilsidrs irep mesrﬁedrhv conventional devices.i \(éu;tput hemivRENd mhightesiso one
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I nt er connegystemtyutputcionigat ismal bi - d| rectional system bus.

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.




‘I'nput- hardwar e may be coupled to the conputer by input lines which may be 1
1 JUL 2006 -24 inplenented in a variety of ways. For .exanple, nmachine
readabl e data of this invention may be inputted by the useq q)fj%a m)dem or
nodens connected by a telephone |ine or dedicated data |ine. gernatively
or additionally, the input hardware may_conprise a CD. Alternatively, ROM
drives or disk drives in conjunction v 2h- di splay term nals, keyboards and
keyboard may al so be used as a input device. The output device, coupled to
a conputer by output lines, may simlarly be inplenmented by conventional
devi ces. OIHRICLAMBWREEININGTHE BO/ENTIDNRRE AS FOLEOWS: t hat hard copy
out put may be produced, or a disk drive to store systemoutput for later
use. In operation the CPU coordi nates the use of the various input and

out put deviices Acwiébrﬂ%i’%%ngﬁfgaaﬁ&/_%?srﬁﬁﬁiﬁérh{sﬁ“aP\@as?tdﬂf'eagr?o Aderagy 1O
and fromworking nenory and determ nes the sequence o ata processing. A
number of pitbdransformatiorhef addachamisabaealyte by atbedst romer mictabiganitm asaif

this inventj ?@’ uter is located in signal connection with a
spectrosco%%’q‘#borrc-g crgsl(?@)'ng and analysing input to produce at |east one

i ndi cator of thatkiast o0 gBr epticcinehiber avihg m%neTLh‘ﬁ&é'@EBHFonE he
specification the aimhas been to describe the preferred nbodi ments of

the invention wAtoRating @priied tytherat leastams wiclad partionone enbodi nent  or

specific coll ecti Those o kill in the art.wil] therefore
appr eci at e tha%,&?ﬁafﬁog%%tsg{:%?%de | s@gn%oﬁfr@cls&cﬂlpé?m{fﬁ?ﬁ HBQS'JHB@?S[GC Yions
and changethecatriehst oneahicroorgdngsmpar ti cul ar enbodi ments exenplified without
departing fromthe scope of the present invention. Al such nodifications

and changes ar eW'ft®¥Rded to be included within the scope of the
disclosure. 11 #bhsfefPGtiorf 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.



~-THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A sensor for. sensing
and/ or nmonitoring at- | east one property associated wth transformtion of
a biochemical analyte by at |east one microorganism said sensbyyL 2008
conprising: at least one fibre optic rrerrber havi ng at | east one uncl ad
portion; a coating applied to the at %t one uncl ad portion; a precursor
associated with the coating, said precursor transfornmable by the at |east
one m croorganisnm wherein transformation of the precursor produces a
spectroscopically detectable indicator of the at | east one property. 2.
The sensor of claim1 wherein the unclad portion of the fibre optic nenber
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cooperate with analysis means for determning the presence of the

spectrosco‘r?FPrl‘,‘ﬁ‘PlF@)d detectable indicator. 6. The sensor of any one of the
proceedi ng clainms wherein the coating is a glass film 7. The sensor of
the proceeding claimwherein the glass filmis both porous and thin. 8.

The sensor1@f &hiye seasof oft HlainprowRekin draplsfdrifativhesfeha ﬁrb@url%b?%'ém@rm'é
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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



10. The sensor of claim1 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 fof] J@qug at
| east one property associated with transformation of a precursor by one or
nore m croorgani snms, said sensor system _conprising: a fibre optic nenber
havi ng at | east one unclad portion of O‘pﬂc fibre; a coating applied to
the at | east one unclad portion; a precursor associated with the coating,
said precursor transfornable by at the one or nore m croorganisns; a |light
source adaptemurscar moa)ppeaﬂrescw'pidallg datestabnihdidfatéh) ¢hd phactiregt transfomndisle t o

provide inpuf |i eflgﬁ'r ptIC and moni toring means adapted
to cooperaf%ﬁ'\ﬁ (?% W%’?%WB 5y@gBB%PrQ?Prelrﬁ'&fQPJQB'ﬂ‘smsgnal in
received light fromthe fibre optic rrerrber sai d indicator signal

I ndicative of the at |east one property; \/\herel n transformation of the
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by interac | nput light to produce the received light. 12. The
sensor sys%@gg#n@ﬂgfg’rﬁ?ﬁ erein interaction with the light is
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of producing a sensor, said nethod conpr|5|ng the steps of decl addi ng one
or nore seBEFYANGIO anycARobelaing ilged1opti c menmber; applyi ng a coating to

the one or nore allJ 06 -27
brecursor 1o a TRERPHEE e SRcfofRinelE ufR Hioph B it gt seBlorsor
transfornmabl e tozatihg thet eehedd withnits cedned bindlag setion iny cBhtaeenith tRBr €
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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



14. A nethod of identifying the presence of at |east one type of

m croorgani sm conprising the steps of: activating a light source in
cooperating relationship to a first end of a sensor according to an ne
of claims I to 11; nonitoring the el ectromagnetic out put fronlé'kﬁﬂté@f
uncl ad section; locating the sensor mﬁt£ its coated unclad section in
contact with the sanple; and anal ysi ng de el ectromagnetic output to
determ ne the presence of the at |east one type of mcroorganism 15. The
met hod of claim 14 wherein nonitoring the el ectromagnetic output conprises
spect r oscopvewlligderfor tosdmpletaveoedieg to treaglgetifhen out put . 16. The net hod of
either one of claim 14 or claim15 wherein analysing the electronmagnetic
out put conprises conducting absorption analysis to identify wave |engths
of peak absorption of elec{egggnetic output. 17. The method of claim 16
wherein anal ysis of the el ectromagnetic output includes operating a
programmabl e device programred to receive digital information froma
spectroscogﬁ ﬁ%d provi de an analysis of results. 18. The nethod of claim 17
wherein th 8 granmabl e device is programmed to identify one or nore
features o % hA Akrdlgagexone m croorgani sm the one or nore features being
sel ected froma _group including genus of mcroorgani sm species of

m cr oor ganlTindpgdualtindiees.m cr oor gani sm concentration of mcroorgani sm and
speed of devel opnent of indicator. 19. The nethod of claim 18 wherein the
programmabl e device is further programmed to ascribe an index value to
each identified feature and provide an -28- overall index for a sanple
according to the algorithm C5 = Elv where:
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20. A nmethod of coating a sensor for sensing and/or nonitoring-at- |east -
one property associated with transformati on of a biochem cal analyte by at
| east one m croorgani sm conprising steps of. making a coating hixiULr286by
di spersing a precursor in a sol-gel §9Iution; wherein the precursor is
transfornmabl e by the at | east one m Cfoorganism and coating the sensor
with the coating m xture; wherein the sensor conprises at |east one fiber
optic nmenber having at | east one unclad portion, and the coating is
preferably applied to the unclad portion. 21. The nethod of coating a
sensor of claim 20, wherein the sol-gel solution is made by hydrol ysis of
Tetra Ethyl Otho Silica; wherein the nolecule used for hydrolysis is
selected fromthe group consisting of H2QO 'anhydrous ethanol, and
hydrochl oric acid. 22. The nethod of coating a sensor of any of clains
20-21, wherein the sol-gel coating is done by dip coating. 23. The nethod
of coatiqf a ignsor of any of clainms 20-22, wherein the precursor is

sel ect ed 49-om An@eghed ok sastisgi ageaisob-forrsertsihg arnkobahohitohiigat
nethylenﬁ_blue, and sucrose. 1 1 JUL 2006 30 24. The nethod of coating a
sensor of €a8y e AraprEty2@sseciajpd rwith transfommatioanofpa doiocheimical t he

e pec MG P A (e SRR R gahism, Somprising steps afi7 0 1O Produce
making a coating mixture by dispersing a precursor in a sol-gel
solution; wherein the precursor is transformable by the at least one
microorganism; and
coating the sensor with the coating mixture; wherein the sensor

comprises at least one fiber optic member having at least one unclad

portion, and the coating is preferably applied to the unclad portion.

21.  The method of coating a sensor of claim 20, wherein the sol-gel
solution is made by hydrolysis of Tetra Ethyl Ortho Silica; wherein
the molecule used for hydrolysis is selected from the group consisting

of HZO,'anhydrous ethanol, and hydrochloric acid.

22.  The method of coating a sensor of any of claims 20-21, wherein

the sol-gel coating is done by dip coating.

23.  The method of coating a sensor of any of claims 20-22, wherein
the precursor is selected from the group consisting of D-mannitol,

carbol fuchsine, methylene blue, and sucrose.



~ detectable indicator.
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24.  The method of coating a sensor of any of claims 20-23, wherein
the resultant product from the transformable precursor cooperates
with an adjunctive compound to produce the spectroscopically

detectable indicator.




