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A 12 AUG 2005 METHOD AND APPARATUS FOR DETECTI NG THE PRESENCE OF M CROBES
AND' DETERM NI NG THEI R PHYSI OLOG CAL STATUS This invention rel ai gi %?ﬂﬂ?

nmet hod and apparatus for sensing the presence of mcrobes (bac p ,rungi,
protozoa, rickettsiae and/or other mcroorgani sns) and spores on non-living
surfaces, in air and in liquids. BACKGROUND CF THE INVENTION It is of course
el ement METHO& AND ARPARGYIES FOR DETRCIINGETHE ARBESENCE t0te MICREIBES AND
activity through respPETERMMINING TEHIR PRY SIISPGIGAL@®TALGS8rs in living
cells, pyridine nucleotides are reduced, flavins are oxidized, and ot her
coenzynmes and tabol i.tes are roduced.. Al nativel. r re found to
be abundant wt 15;11113%{}“853?719{(’%5 E)cf gg}eﬂhoﬁca%gépﬁ&g@g%ll Staexs%%t%oﬁgg%gggﬁt conpound
otherwise rare in nature). The oxidation state of pyridine nucleotides,
f1avins aRdcigbefe(bagtenadurgisprofaraa.gickettagandierthergRICEQOr B3FAS) FNEiSBRIES nat e,
can be simultaneously elucidated by concurrent excitation -of each conponent
wi th the appooivirgtsarfatescin amaghetliquidsadi ation fol | oned by detection of the
characteristic radiation emtted by these individual fluorophores.

Si mul t aneous excitation giaexsMURDOETHRIDIVENETIOREr 9i es characteristic
of the excitation for fluorescent cellular and endospore conponents with

t he subsequent .col Lection and detection qgf enjtted and reflect.ed/,scattered
['ght - energr os (B8 romeetleranan b ARathinGebt R rerb Rt o EEHBiRor eo.
respectively) is fundanental for the detection of microbes in. g sanple or on
a non- | i v TURrONER TespiratiRn. nds sl lydspimaierosrarsinivingeclifepEidingn of
respiring cells in real world sanples is nmade nore reliable by the

af or ement hnaeledtides preoddiosd, flavwony e saikzedFandsethert doenzymes andneeatsolggcartat i on of
m'_;_zrgbes by nmultiple excitation energies and ensui ng coi nci dent detection

of " nunmer opfoduced. Alternatively, spores are found to be abundant with a calcium dipicolinic acid

complex (a fluorescent compound otherwise rare in nature). The oxidation state of
pyridine nucleotides, flavins and other cofactors, and/or the presence of calcium
dipicolinate, can be simultaneously elucidated by concurrent excitation of each
component with the appropriate electromagnetic radiation followed by detection of the
characteristic radiation emitted by these individual fluorophores. Simultaneous excitation
of a sample with multiple energies characteristic of the excitation for fluorescent cellular
and endospore components with the subsequent collection and detection of emitted and

’ ) reflected/scattered light energies (both associated with and independent of the
fluorophores, respectively) is fundamental for the detection of microbes in a sample or on
a non-lhiving surface by the method described herein.

The detection of respiring cells in real world samples is made more reliable by the
aforementioned method for two reasons. First, the simultaneous excitation of microbes
by multiple excitation energies and ensuing coincident detection of numerous
fluorescence signals reduces the chance of interference, as the probability of an

interference source duplicating the characteristics of numerous fluorophores is extremely
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fl uorescence signals reduces the chance of interference, as the probability
of an interference source duplicating the characteristics of nungerous
fluorophores is extremely 1 522725v1.doc 12 AUG 2005 small. Second,Z Alie2005
relative quantities of the intrinsic netabolites, and thus of the resulting

fl uorescent nal e. been foun in defined si ol ogi ca

r anges. %ﬁyg‘?@na’fﬂlf’ heéaté‘ieg%’é‘}lgtl‘?sso éﬁ%’inér\l/‘@&? W?H‘)létef‘r@f]ﬂdlaus cgjp%‘bl e of two
things: (1) separating the detected fluorescent signals originating from
any mi cr otsegltipg éerescent signalst leave deemtasd t@fallbmlugrdogmﬂ Bhygirdogcalnagass.
scattered excitation signals, and (2) a requirenent that the intensities of

t he si gnahgallysie&¥ ewi@hisab athitaddohith @ metlivduapitlabf eesmongn(y sapaia@rpgor e
components fall within physiological ranges. Thus the basis for the

det ect | OnthgfdeEcEIe(dr ?écérﬁ ﬁl%rg?fg?n t1 Cff?)ﬂp ﬁcs%f‘s 19# !)19%@9’61% EdiS:

first, excitation neou e ex0|ta Ion
energies c r stl of ceI I uI ar rret abol i robl al nts an
Spor o conpiorheind Sepfla iy fescellp Bl siaHvos aianéf%t et 23 Seairentct

i ndi vidual fluorescence signals (associated with the nmaxi ma and nlnlna of
the enmi sitepnicspf thesignalsxicam ariciebizd bistabobitey, mignebifl aealnopentanad pare of t he
collected signals with a nethod capabl e of renoving background fl uorescence

and conpagdngprchs falehathinighysiilggied] ramgei Thake dedfasivefontheldeteetion of known
physi ol ogi cal ranges. Long-established technol ogi es and nmethods used for

m cr obi al pmaetegtih Q@ax‘hﬁie)is c&eﬁﬂseae&fqﬁé foPewie RERDAG: Sexc A bfNPsahipn
met abol i ¢ reactions, Inunmological capture or = the anmpl i fication of expect ed

nucl eot ! de it e%gclglswu ﬂﬁ};ﬂle &mtgt)gl){ gﬁ'ctrgl(gg' Fha@ctgr?snw 0 %eﬁ!lﬁ;l% %Qtagélﬁtr@ Itiple

i nt riynsi ¢ 71 UOY Ophores MK an “anafysrs 't he

ot or i ne AN BB S P FDEPOTB f%eﬁé’réqc’ 5wl Rt et i ati ng
bet ween vi abl e ceIIs non-

numerous individual fluorescence signals (associated with the maxima and minima of the
emissions of these excited metabolites); and finally, analysis of the collected signals with

a method capable of removing background fluorescence and comparing the relative

signal magnitudes of metabolites to known physiological ranges.

Long-established technologies and methods used for microbial detection rely
upon detection of products resulting from metabolic reactions, immunological capture or
the amplification of expected nucleotide sequences. Since this invention employs
detection of multiple intrinsic fluorophores from microbes, coupled with an analysis of
the relative amount of signals due to these fluorophores, it can not only determine the
presence of microbes, but is also capable of differentiating between viable cells, non-

viable cells and spores. This method and apparatus uses no reagents, requires no physical

contact with the sample, and delivers ‘real-time’ results.
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viabl e cells and spores. This nethod and apparatus uses no reagents,
requires no physical contact with the sanple, and delivers “real-ting'
results. 522725v1.doc 2 12 AUG 1005 There are other microbial det&&tAU6r005
met hods that utilize fluorescence. Many of the flow cytonetry nethodol ogi es
rely on the fluorescence of dye nol ecul es conjugated to immnol ogical

prot ei ns t ar gefTberetape pther mmabyinkedapéctiontetlests thaantibza fipbresehce.nMangah be
found in U S. Patent 4,745,285 (to Recktenwald, et al.). OQther fluorescence

net hods ugg ﬂoa@elﬁ@n{ek g%&ﬁmgm@m 6 I¥RScAke @YG?'&&BldéGﬁE@@nﬁl@ﬁed nU S

Pat ent 4,900,934 to eeters, et al . Some of the fluorescence-based
b d t.ect h | t
ohe ot ol fpudlo &%@ﬁ&%‘gﬂﬁ?@%& {he%ﬁaew Il ATl o HSEaRIeT B

fl uorescence spectra of the a_ library of spectra. The met hod
descri bedaiRdws UsS. Paenid. 145,35, @B@clftalwl%ﬁﬁéﬂ) .cOHsausTesFraCce Mfthelsdshce of

a sanple surface to that of a cI ean surface. A popular intrinsic
f | uor ophoaddedSbubréseentimpetatiylizl dyesiet dystdonjugates liasds U.<S. Phent 802,834 pyri di ne
nucleotide NADH. In U S. Patent 5,701,012 to Ho, NADH fl uorescence is
detected Pé\gt@fsj@rﬂg?&d ai rstream containing the sanple and conpared to a
bl ank. Alternative the ratio of NADH fl uorescence to either the

soattered excl bl %?ﬁ%%ﬁh%éﬁ T N D R
d 968, d 02 08 b 1 ly,
and whi ontelREAr HOETRISR dPoTarEP (ByS Hakal SHZED? FRESese! Wy SkTBied o met hod
and apparatus for the detection of mcrobes on non-living surfaces and
sapphes. qBPganiedluosessence epeatited hasample wall alibraryaf speatisnddaenstod adi at i on

(1) “having a wavel ength greater than 350 nm causing the excitation of
pyri di ne desctibed inddsS. Patent 5,474,910 to Alfano, compares the fluorescence of a sample

surface to that of a clean surface. A popular intrinsic fluorophore used in microbial
detection methods is the reduced pyridine nucleotide NADH. In U. S. Patent 5,701,012
to Ho, NADH fluorescence is detected in a forced airstream containing the sample and
compared to a blank. Altematively, the ratio of NADH fluorescence to either the
scattered excitation signal or other fluorescence emissions is used in U. S. patents to
Powers (5,760,406 and 5,968,766).

In U.S. Patent Nos. 5,760,406 and 5,968,766, which issued 02 June 1998 and 19
October 1999, respectively, and which are incorporated herein by reference, there is
disclosed a method and apparatus for the detection of microbes on non-living surfaces
and samples. The sample to be examined is excited with electromagnetic radiation (1)
having a wavelength greater than 350 nm causing the excitation of pyridine nucleotides
present in microbial cells, and (2) having a wavelength below 340 nm as a measure of

other characteristics of the environment. The ratios of the microbial pyridine nucleotide
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present in mcrobial cells, and (2) having a wavel ength bel ow 340 nmas a
nmeasure of other characteristics of the environnent. The ratios ofntmro 7005
m crobi al pyridine nucl eotide 522725v .doc 3 12 AUG 1005 fl uorescence

em ssion (resultant fromthe excitation at the different wavel engths) to the
reflected excitation signals are cal cul ated and conpared, as the basis for
bot h t he fldetesminte emasdnteanitirt &foinothe @kcitation abthe diffasenyavalertigiles)satipl e. Thi s
invention is able to I|ocate and quantitate m crobes on non-living surfaces,
i ncl udi ngl-em@ttea-ex%ro%%ﬁgtnratg%@w&ﬁ9@%@%@@&%&@&,edatu% bRiPRMBsH tepend upon
rati o fl uorescence for he detection of a single netabolite, the present
invention_ utilizes excitatiopn of one or . nore fluor

al'gor i t hi S RO G Pameion 8 i oie Girer ane spre; Jhiy fpgenont
scattered/refl ected excitation energies. This difference in design and
met hodol olfaterfiid ayantiateaiicrabgs on ﬁQ‘@ﬂt’i%ﬁ%fé@%emcbﬁl@ meptdet ect and
quantitate m crobes on non-living surfaces, in liquids and in air relative
t o ot her fl uor deeesseharablroastiontkpatents Bk owdrs depenidorpon satsuffesresnene¢enfor t s
detection of mcrobes as the detection of nmultiple intrinsic fluorophores

reduces t{ne deteRaRof h kgRimétabSiRe ARG prlcken® ifveRtibh GtikiAER ekitdtidakdrony be
interferences. The detection of .mcrobes with the foregoing nethod and

appar at us_w. i i f i : i ng,
mod cal arsBupRGrel ARG BERleb Al AAE e UYL blef SehaiB BB,
food prodyction apd preparation safety, and_energency. response, teans tasked
W th {he BECERrT o eREEn S QIR RREPOR S dn reFETT O GRIEHIER PeebaNoRar r uct ur e
facilities. Wth recent announcenents of bacteria] contam nation_ in
f oodst uf f Bakefete swrepduyantipn bserfadlsao detectans qurptitatesmigiebes Ogaroaivrg , there
has been a need to provide a nethod and apparatus that can be used to
det ect susirfates,riobiqaids eodireait reddtivero pthef Soatsscence metuds. dihd correfitood
preparation surfaces. This nethod and apparatus, as an object of the

invention is superior in its detection of microbes as the detection of multiple intrinsic

hor es cougla %K\)Mth an

fluorophores reduces the probability of false positive results due to background
interferences. The detection of microbes wifh the foregoing method and apparatus will
have uses in biowarfare agent detection, cell sorting, medical diagnostics, sterilization
verification, water quality testing, food production and preparation safety, and emergency
response teams tasked with the detection, decontémination and protection of public
infrastructure facilities.

With recent announcements of bacterial contamination in foodstuffs (meats,
poultry, seafood, juices, fruits and vegetables), there has been a need to provide a method
and apparatus that can be used to detect such microbial contamination in foods, on foods
and on food preparation surfaces. This method and apparatus, as an object of the
invention, should be operated inexpensively and rapidly in, for example, meat and

poultry production facilities.
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i nvention, should be operated inexpensively and rapidly in, for exanple

meat and poul try production facilities. 52272Svi.d.c 4 12 AUG 20{p U?
yet anot her object of the invention to provide a method and appar at us \2(9
use in the detection of mcrobial contam nation on foods in which the
fluorescence of pyridine nucleotides, flavins and other cofactors and spore
conponent s ar e Iexojet abtleyr obglcecf the magned: © pradier noathddadi aiparatus fohugehe

nmet abol i c reactions and spore conmponents of mcrobes fromthe tissue of

foodst uf f g, il defiphing omuﬁélemaﬁéomﬂinar@ma{ foRBs ﬁﬁwﬁfeﬁ@ﬁe fifore&ches 6 mi ned
w t hout contact with sald ood. It is accordingly an object of the invention

to provi d%xlg%lge H‘}(ﬁ)%f’fi ﬁgwp al af q‘] (?th(gl c%tfacto(} Qntp §po¥§ 8&{1‘)@ egl(lt} argg)t& &:td!bS'n of

m cr obi al h hon-11Vving sur ace
specific object of the invention, the nmet hod. and appar at us can be used to

find m crglsesomaansicardisiian locdsinenishdbs @ﬁtabw&rﬁéﬁgqlvalgl SBYG CPRBPBTYS Ph, for
exanple, health-care facilities, research | aboratories, water treat rrent and
testing stmatriobasfromubé hesuetmdlfm{ian& alyingmidrebishearitashingtion o fodds tybe

anot her object of the invention to provide a nethod and apparatus for use

in the deheetrhBRrdWitHouEEMA W GAIEbaati on on non-1living surfaces and in
liquid and air sanples in which the fluorescence of pyridine nucleotides,

flavins and ot 'Tiels Hﬁ%ﬁf E@o?ﬂ%rxﬁv@%ﬁ%‘&%ﬂz%e cﬁ%ﬁ'aﬁ@%lnﬁ&‘atus that

el ectromagneti c ra rati |st|ngU| |c reactions o

m cr obes and/ or por.es om.t he ! or

Scat ter ngt BT P R Rarosn IR H&gﬁpaif%ﬁ%maﬁ B SgaRma Ry s R e

W t h%gt contact with said sanp i.s yet another object of the invention
to prbvi dé“%alﬁfeﬁ#@oﬁpﬁﬁécé?hﬁﬁ‘amﬁ mvaml%éhe pethpd andipprasstaneands wed Bt ween

viable cells, non-viable cells, spores and non-contam nat ed
find microbes and microbial contamination inexpensively and rapidly in, for example,

health-care facilities, research laboratories, water treatment and testing stations, public
buildings and on the battlefield.

It is yet another object of the invention to provide a method and apparatus for use
in the d etection of microbial contamination on non-living surfaces and in liquid and air
samples in which the fluorescence of pyridine nucleotides, flavins and other cofactors
and spore components are excited by electromagnetic radiation to distinguish the
metabo lic reactions of microbes and/or presence of spores from the background of the
media or scattering, allowing microbial contamination in samples to be determined
without contact with said sample.

It is yet another object of the invention to provide a method and apparatus for use
in the differentiation between viable cells, non-viable cells, spores and non-contaminated
samples in which the fluorescence of pyridine nucleotides, flavins and other cofactors

and spore components are excited by electromagnetic radiation with the differences in the
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sanples in which the fluorescence of pyridine nucleotides, flavins and ot her
cof actors and spore conponents are excited by el ectromagnetic radH?ti§Q|ﬁdth
‘the differences in the 522725v |.doc 5 12 AUG 1005 rel ative quanti iM} E

the intrinsic fluorophores in each used to distinguish the presence of

m crobes fromthe background of the nedia or scattering. SUMVARY OF THE

| NVENTI ON The concepts of the present invention reside in a nmethod and

appar at us rélarvethentidet etthe anrinfic fiicophess imeashiuedd toahgingsishrtee peposed! t o

el ectromagnetic radi ati on of nunerous specific energies capable of exciting
f uor escenfigohEOfBrMAE bt FRldHIehd hede or SQt@GELr S and cel lular and spore
conponents. Thus, the mcrobial cells and sporesS to be sanpled (and nore
specifically the excited net I or other cellular, ,
viral and/or spore conponent e G e i+t fluorescence that can
be neasured. The collected fluorescence signals (associated with the mni ma

conponents) are analyzed with a nethod capable of (1) renoving any

backgr oundetettidied f 1060 6HsS 6 A s@ehp@x @id Sposdtl Biegitebmagnetididdiatiepapari ng t he
relative fluorescent signals of netabolites, cofactors and spore conponents

to known H&%@Jqﬂg%gé&ﬁé eﬁ&gﬁ%a 2D ex it %é@?&n@é‘ﬂo' PﬁL&EH%téﬂoli’té@? present
e i d r%pl way 1n which to

i nvention provi an | nexpensive "an scan sanples to

det ect and titate th f mcrobial .contanmination wthout
Contact - HE BReiedler SR piry BB B e adRE W GPOLFHI EOAPRRF I on in a

sanpl e without contact reduces the risk of introducing contam nation. In
accor danc&mpled (a1 moreoweridicalihibe exyedungabolites, pefagtoesqudifriophedssiivlabl e to
utilize light source(s) emtting el ectromagnetic radiation above 200 mMm In

accor danceirgli and/qrsporepropgmmentt promtanfedttheeinnngn flborscenbe that gint beemeastized. by t he
| i ght source is specific to or filtered

The collected fluorescence signals (associated with the minima and/or maxima of the

signals emitted from the cellular/viral/spore components) are analyzed with a method

capable of (1) rgmoving any background or reflected/scattered excitation signal, and (2)

~ comparing the relative fluorescent signals of‘metabolites, cofactors and spore
components to known physiological ranges.
Thus, the method and apparatus of the present invention provides an mexpensive
and rapid way in which to scan samples to detect and quantitate the presence of microbial

contamination without contact with the sample. Being able to evaluate microbijal

contamination in a sample without contact reduces the risk of introducing contamination.

- In accordance with this form of the invention, it is frequently desirable to utilize

light source(s) emitting electromagnetic radiation above 200 nm. In accordance with the
present form of the invention, the light emitted by the light source is specific to or filtered
to pass there through electromagnetic radiation of energies specific to excite pyridine

nucleotides, flavins, porphyrins, cofactors, and/or calcium dipicolinate.-



to pass there through el ectromagnetic radiation of energies specific to
excite pyridine nucleotides, flavins, porphyrins, cofactors, an?%ﬁé ﬁﬁlcium
di picolinate. 6 12 AUG 2005 In accordance w th anot her enbodi meh e
invention, it is possible, and sonetines desirable, to direct

el ectromagnetic radiation of ultraviolet energies (wavel engths between 200
and 300 nn) ain a¢rerdannpweth amphen¢mbedingnicaf the giventeore ittiegossirleraadi ¢ ami no

aci ds and nucleic acids, sone of whose em ssion is self-absorbed by the

sanpl e segiiehheaddsiragisCotdiregt dedtnisghetiqiadatibnal eltandlqaynegiste nucl eot i des,
some of whose em ssion is self-absorbed by the sanple in turn exciting

cof act or ﬁ\gévgerl]eg'{g’thsfﬂeﬁwf‘ 35200 anB30b nff) AMHRIEm! Ir?t Sﬁie%'tl'ﬁ\ﬁol'@ﬁ%%ttc&cﬁé‘s‘:i te

por phyri ot her avins. The fluoresc em ssi ons the sanple are
col |l ected and. anal yzed as, described previ.ously. The use.of | t.ravi ol et
[ight r e@ioTtaliciaS pcils A RIgeE Ay SRMERE AP RY e pnER I S cRb AtV e
sanple. In accordance w th another enbodi ment of the invention, it is

possi bl esarapld sequsntiell neiinstaldpndipie@ingte Bt pysldae nsiagldes iseme &éi at i on of
energi es capabl e of exciting specific netabolites, cofactors and

cel | ul ar ivhper eniseion dnssif-sbsarbed aly slee sangriginatent daitimpocofamdrsi(ageflaeinsii t h t he
m crobes. Thus, in accordance with this enbodi nent of the invention, the

resul ti ngark bPQhBSCaRissidh Wiakd TBRAE irpaaahfyﬁﬁmmhé;aﬂwi&. (he! fudreeent he
m crobi al conponents and those sinply reflected/ scattered fromthe sanple)

L S R e e

ratios o S| gna romthe“m crobes co

fl d d f he, sanpl . | d ' h ' f th
et 1 ohl e et BB Bt R ot e A GBS Goner at ed

by the intrinsic fluorophores but also to detect the reflected or scattered
el ect r omagnet & agcgaianee Hith appther eyabedimentpiily imyentian, itiepessgnalangnd
conpensate for variations in the signal that m ght otherw se be caused by
t he use edmetimes desirable, to direct electromagnetic radiation of energies capable of exciting

specific metabolites, cofactors and cellular/spore components and also energies that do

not interact with the microbes. Thus, in accordance with this embodiment of the

inveﬁtion, the resulting fluorescent signal emanating from the sample (both from the

microbial components and those simply reflected/scattered from the sample) can be

measured and the presence of microbes determined by comparing the ratios of the

emitted signals from the microbes compared to those reflected/scattered from the sample.

In accordance with the practice of the invention, a sensor is used to detect not

only the fluorescence generated by the intrinsic fluorophores but also to detect the

reflected or scattered electromagnetic radiation. This serves to normalize the signal and

compensate for variations in the signal that might otherwise be caused by the use of

varying distances between a probe and the sample being scanned and variations between

different samples or surfaces.
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varying distances between a probe and the sanple being scanned and

vari ations between different sanples or surfaces. 5227255 1.doc 7 12 AUG
2005 It has al so been found that by rapidly changing the el ectro&&g&ﬂ 10
radiation directed to the sanple at frequencies different than 60 Hertz,
the effects of anmbient light (and particularly fluorescent light) can be
subst anti al | y Inhasialdoztsdn fhind thadiyl rapidbynchahging e dxatidmignetic enidatgy al so
pernmts the sensor to be noved to direct the electromagnetic radiation to

various palbRded 1R s§ﬂﬁ]@a@ﬁ‘@h&8ﬁ§€s &k @d H)én@ftfl%ffbﬁg o?ﬁ&%bﬁﬁ@h’élﬁcy of
the measurenent of m crobi al content. comrerci al |y available

m cr obe det owt;.h o bial . res {4 Qbt ai n
suffici eﬂ?l? pa}lﬁ?l %1 Qﬁ%rleﬁcs?n{llg%ﬁg?a\/&ehs)u{’?tamla’ltil&émg 1sze§ gﬁf’ n}fﬁl O8O on of
differ entl al netabolic tests for_ species_(genus) identjfication. However,

t echni quéle excilgtion eifgeYaleq BRITH]S thebegsnte e mayef 4 fireq thieelsstromgnstie but
noncul turable cells. Conversely, the gromh nedia enpl oyed nay favor the
gr owt h ofradiatedretoi variviig partspd @ishimple whisnwo syipemiially hffectagphe achescytaf thd cr obi al
detection depend upon the inmunol ogical capture of either the m crobes

t hensel vegeaQfirehdegi &f tEORQHBIAL Sontdfte nost popul ar i munoassay et hod,
enzyne- | i nked immnosorbent assay (ELISA), has a best detection limt of

several hundr gg.ge Mﬁbﬁk@%&% el)}:%srpth(él%1g3${l{@f'r¥ﬁio¥o‘dl fectious

bacteria such "as f exner hese te ues ew Se 1 nvo

fi th t d t
var at | oRGPRS g‘FPb‘F‘Br?PﬁC%%‘?@H&g% safes (g 91‘3%%%%?%38%@%%&?6?@5{0 aTo °

m crobi al conponents not only are relatjvely expensive to devel op and
prioduce, dbfirenyal naqt@@h%@é?efﬁf spAcees eengeyd g Higaan-hiow eNers techRiqupy ot eol yti ¢
enzynmes in “dirty' sanples. In addition, the density of antibody nol ecul es
requiring bacterial outgrowth may fail to detect viable but nonculturable cells.
Conversely, the growth media employed may favor the growth of bacteria with specific
phenotypes.

Other approaches to microbial detection depend upon the immunological capture
of either the microbes themselves or their components. The most popular imniunoassay
method, enzyme-linked immunosorbent assay (ELISA), has a best detection limit of
several hundred cells. (This is well below the IDsy of extremely infectious bacteria such
as Shigella flexneri.) These techniques likewise involve significant problems because the
antibodies employed are very sensitive to variations in pH, ionic strength and
temperature. Antibodies directed to microbial components not only are relatively
expensive to develop and produce, but are also susceptible to degradation by a host of
proteolytic enzymes in ‘dirty’ samples. In addition, the density of antibody molecules

supported on surfaces (e.g., microwell plates or magnetic beads) is not as high as is

frequently necessary.
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supported on surfaces (e.g., mcrowell plates or nagnetic beads) is not as
high as is frequently necessary. 522725v1.doc 8 12 AUG 2005 Moreg sensitive
but | ess rapid typing schenmes utilize the polyinerase chain reacti 46 leﬂ CR)
for anplification of bacterial DNA or RNA, followed by nucleic acid
sequencing to detect the presence of a particular bacterial species. Such
gener al anpl i INe@tsenditieibut 168quE8Cyge schehns iz the golyherisechainaadctionperti se
and are not easily adaptable outside of specialized |aboratory conditions.

PCR- basedpERE s A rﬁﬁic’éﬁbﬁ bizﬁ‘actté}?al DN/EEERNE, ﬂtuovted fﬁmc@éic ;@&@%&p&ﬁmgl nce
t hese technl ques provide only a positive ana ysis for an inta t arget

nucl ei c uences [0 i etection of
specific %Fﬁﬁﬁ%gﬁ?}?g ﬁpéht?ufaér%i) elf%ISp A% Itge?léhl Mggrgp n‘? 1itlctal cu??& by the
presence of nmaterials that interfere with the effectual anplification of
target DRPQUeRcingiteahpiques requiE eafiBicpkexpgrise aad angaol casy edppipblg eatsidsiod of

vol atile cell conmponents (e.g., fatty acids) after sanple |ysis or

pyr ol ysi spétasided éabousen) donditiohne. HERdmsedieclofiqipaattibize theanferaricewses.
Unfortunately, identification of the analyte is unreliable as the

conposi t ngBebpdl plesthd@! gttaee ﬁtcy@ie@ﬁxhg s W&ﬂ9@§)o§1h@egﬁawgp%}%nﬂta&pon
different envi ronrrenta growth conditions. Imunological, mass spectral and

PCR- base I e sanpl e
were vi ag? l{ﬁmﬂr%%o lggs:j&tlep ?113&%8&2&5%223{ Inrr?s’t)%odM Bb %%e&té& gta ?vel gp
expensi ve reagents that requir. ial handl i obi al det.ection
morhod. aSRCIBPEG ARSIt Bl O SRR AP i ddéh"él b PIRens R 11ty of
detected bacteria, fungi, protozoa, and rickettsiae. The nmethod and

appay at usnatesepls tlvéslmﬁfz;fqr@&g@ﬁhgeffe%@l ewplifieation affargpfeDNAnip| ‘8irty’ aesgsknsi ve to

performand delivers "real-tine' results. These, and other objects,
f eat ur es vanlil sachpdest ages of the present invention wll becone

Mass spectral analysis of volatile cell components (e.g., fatty acids) after sample
lysis or pyrolysis has been used for the detection of bacteria and viruses. Unfortunately,
identification of the analyte is unreliable as the compositions of a microbe’s volatile
components change depending upon different environmental growth conditions.

Immunological, mass spectral and PCR-based methods are all unable to ascertain
if microbes in the sample were viable. Immunological and PCR-based methods both use
relatively expensive reagents that require special handling. The microbial detection
method and apparatus described herein is able to determine the viability of detected
bacteria, fungi, protozoa, and rickettsiae. The method and apparatus requires no reagents,
no contact with the sample, inexpensive to perform and delivers ‘real-time’ results.
These, and other objects, features and advantages of the present invention will become
apparent upon review of the following detailed descriptions of the disclosed

embodiments and the appended claims.
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apparent upon review of the follow ng detail ed descriptions of the disclosed
enbodi nents and t he appended clains. 522725v i.doc 9 12 AUG 7005 BRI EF
DESCRI PTION OF THE FIGURES Figure 1 is a block diagramof the P 9486 ©
features of the invention. Figure 2 shows the em ssion spectra of a solution
of bacteria (Bacillus thuringiensis) in |ow fluorescing nedia when excited

W th radiation of 345 r ungRIEEDESCRUPTION OFTOPME HIGEJRENT SSsi on spectra of the
bacteria and the dashed ITne indicates the contribution of the Rayleigh

scattering \/4 Qe s%b? &C&I S}amFdeH{@o& H%F\Q‘f@at B8 o Pl SR PeCt ra of viable
cell, non- able ceI spore aci hurln |en5|s solutions due to
the various intrinsic fI uorophores exci ted aftj di ff veI engtgs (after
backgr ound84YBZrshews &b emﬁ?‘@ﬂﬁ%“@@ drelupipr 0 P%‘tt‘?‘iao 64‘|’S WIGEREE of the
fluorescence signals (normalized to the emission at 440 urn after

backgr ountbves (boreacng oredihehereertited witheadiaidreof Hemnyi dhe eolsklinesshoasdhe por es
of Bacillus thuringiensis in solution. Figure 5 shows the distribution of

the 440 nemidsprdPectrdiof the bactess enciBe andhes liae indidateIhe abitdbuthacéghound
subtraction for 2 speci es of bacteria. Figure 6 shows the response of the

reduced pkr escgﬁlgr ?g:%lltggséglﬁly) fluorescence em ssion of one enbodi ment

of thelnve ntov non-vi abl e Salm)nellatyphl ceIIs on a

sterile s rfac : re 7.shows the.re N fl uor

ani Ssi on f“é§§rf&°“% b ebistion gren et VR DenG R et P Miws ¢ he
spectroscopi ¢ window in the fluorescence em ssion spectra of paper and
various sHpsingensis) eqlyaprishig to the various intrinsic fluorophores excited at different

) wavelengths (after background subtraction).
Figure 4 shows the distribution differences of the fluorescence signals (normalized to the
emission at 440 nm after background subtraction) between viable cells, non-viable cells
and spores of Bacillus thuringiensis in solution.
Figure 5 shows the distribution of the 440 n;n to 480 nm fluorescence emission ratios
after background subtraction for 22 species of bacteria.
Figure 6 shows the response of the reduced pyridine nucleotide (RPN) fluorescence
emission of one embodiment of the invention to viable and noﬂ-viable Salmonella typhi
cells on a sterile surface.
Figure 7 shows the response of the RPN fluorescence emission of Escherichia coli on the
surface of turkey.
Figure 8 shows the spectroscopic window in the fluorescence emission spectra of paper

and various samples of envelopes.

10

5227

~

Svl.doc



52272evidoc 10 12 AUG 2005 Figure 9 shows the response of the
background-corrected 780 nm fl uorescence channel of one enbodi nent of the
invention to several mlligrans of Bacillus thuringiensis sporesj} 'PUI; 105
seal ed envel ope. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The basic el enents
for the apparatus described by this invention are shown as a bl ock diagram
i n Fi gur eFiourd9eshanpalkeiessorso0sinsthacledrownd-¢ @hicted0n80aen fladekdante ORannkl t ers,
focusing optics, collection optics, emssion filters and detectors.

El ectroma j i.af i t i t I O/; | i : - rds..t he
sarpl ¢, pobgi iR e b cBA ) ERert Tl s o BALAC LB LR i
necessary, to cite the intrinsic fluorophores in the sanple. The

scat t ered”’a%EFafeéfqné(E{O@& excitation radiation, along with the enitted
fluorescence radiation, are collected with the collection optics and
directed towards the AJLBPDESOREPSION OF[T; dBRIEON hat only the
energies of interest are neasured. Various enbodi nents of the invention,

i ncl udi ng di f f #hebhsic elehiepty fat thersppanths deddribed bnthidinvensen areshownnt s, are
possi bl e. The fundanental conponents for this mcrobial detection nethod
pennit: t j i oR: f. i i RS i i ekdi £S5,

col l ecti oﬁﬁgﬁggc%ﬁg? IFBQ%E%?PZ%‘: Fé%édtgi%dnrrgg%sfoefglggg? gc%:lgﬁ’e%gghq iIroiggﬂf‘):wéner gi es,
and anal ysi s .of the detected signals.w a hod th i.s_able.to correct
for backorsuae opiferphranscetananisini b nB ey Blech BB dic engths t o
known physi ol ogi.cal paranmeters. The configuration and conponents enpl oyed
in any appdrationds queeigd fmmsthe hightyoyreerionaigds B S3Pih @assHI& tHreusd thppl i cati on
requi rements and expected interferences. It is possible, and sonetines

desi nabl esxditetion ifiltepseand fheusing epdigs taecersarypiooicde thedntrinsigthopepigres in
illumnation. The kind of light source enployed is influenced by its ability
to produthe sempid. rDieagartred andickifiztted rx afativh eadiatice), elogg lndthrthgemitee t o excite
the intrinsic

fluorescence radiation, are collected with the collection optics and directed towards the

e

detectors. Emission filters ensure that only the energies of interest are measured.
Various embodiments of the invention, including different configurations and
utilizing diverse components, are possible. The fundamental components for this
microbial detection method permit: the excitation of multiple intrinsic microbial
fluorophores, collection and detection of emitted and reflected/scattered light energies,
and analysis of the detected signals with a method that is able to correct for backgreund
interferences and compare the relative signal strengths to known physiological
parameters. The configuration and components employed in any apparatus using this
method should be matched with the application requirements and expected interferences.
It is possible, and sometimes desirable, to utilize a light source that provides a
broad band illumination. The kind of light source emiployed is influenced by its ability to

produce electromagnetic radiation of the wavelengths required to excite the intrinsic

522725vi.doc . 1 1



522725vLdoc 1 1 12 AUG 2005 mi crobi al conmponents of interest. Additionally,
it is sonetinmes desirable to use a pulsed |ight source all ow ng neasurenent
of the environnmental background during the off cycle. The |ightlZspif 185
that can be used include | anps with various bulbs (e.g., nercury, tungsten,
deuterium xenon), light emtting diodes (LEDs), and diode |asers specific

for the nLeeWbi2domN6hdRd dARteRRET Ali@BonalliLithi ndinds dbiaiow eR Ungdddepends
upon the intensity “of excitation radiation needed and detection limt

required. ;. exci tati.on 1SS il i i
erbodt ment @GR R CLRER SRR olrbp SRRt b8y,
gl ass, series of cutoff filters, ,g%I @t%n filters, ﬂogoghrorreters, gratings
and the | ilbglighhgourgegithat can be psedriagluds Bpps ty1dsvageus RRILS 8- BISEN i | ter s used
depend on how nuch of the scattered and reflected excitation radiation

si gnal canurgstenpli@rteriv, ¥epon)h Bghitreaiftaiggliodes odDey, anvhdtoddéaserstspenfit fari t i s
required. |If light sources having only the energies of interest are

enpl oyed, thdwRqeired &xaita@th erfergit € Mhe X dTighbsoneCees deyends upbi thelih@hditysour ce
is collimted (such as a laser) then the focusing optic may not be

requi 1 ed. of TheiaRY AR ekl LRGN ARl ghided 0 direct the  excitation

f
A n .
radi ation to the sanpling area or vo S inportant to note that with

I'ti-phot itation it.is. ible tq. i ght : i th i
less than the  WEGHPUAIO A EISIBIIEHS bivd b PEcrBBHoPRIM PR The

pur pose of the collection optics is to deliver the light emtted fromthe
excited mvERBBR HiclydeunicepreaseBlteindmpregnated glasersetenpicuteff hitetsegelatitom t he
sanple to the detectors. |If interference filters are utilized to

di scrli m ndilters; inesecleminesrs gratings gidete likhelhe hght cuodff elvarederistighof theeds t o be
collimated for these filters to work optimally. Fiberoptic cables can also
be used t emigidh fikdrs usyd debendExchéinueh of dtisastteded i tefflects@epditatiand to

collect the emtted radiation and direct it towards the detectors. It is
possi bl e, r&fflion signal can be tolerated by the analysis method or what detection limit is

required. If light sources having only the energies of interest are employed, the excitation
filters may not be necessary; if the light source is collimated (such as a laser) then the
focusing optic may not be required. (The purpose of the focusing optic is to direct the
excitation radiation to the sampling area or volume.) It is important to note that with
multi-photon excitation it is possible to use light sources with energies less than the
excitation energies of the fluorophores of interest.

The purpose of the collection optics 1s to deliver the light emitted from the excited
microbial fluorophores and that scattered and reflected from the sample to the detectors.
If interference filters are utilized to discriminate these emission energies, then the
collected light needs to be collimated for these filters to work optimally. Fiberoptic

cables can also be used to both deliver the excitation radiation to the sample and to

collect the emitted radiation and direct it towards the detectors. It is possible, and
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sinms,i.doc 12 12 AUG 2005 sonetines desirable, to utilize polished netal
reflective, sapphire, fused silica, quartz, MF2, and/or CaF2 opti cal
conponents as many optical conponents exhibit fluorescence in théAUG 2005
ultraviolet and visible range. The detectors are used to convert the emtted
el ectromagnetic radiation into an electrical signal that can be neasured.

Nurer ous  GeiB§hied desirdbiehtoditfifz@BNEhea ostAllibNédtive Ssappl6idd] fd@dWilidal fRskzl N the
enbodi nents of the invention: photomuitiplier tubes (PMIs), aval anche

phot odi od A S~ N di gdes i T ) en

woul d depzén%# Zug’ﬁglt%@ze"ﬁgﬁ %yC%g%p The P Al |&(§€k§ca¥ lc:)&ﬁ%mgg ee%ﬁgbﬁfﬁ? lgsccrsé??eengt h
of the emssion signal, and the required detection |imt of the apparatus.
The col | ek 8§ YR SFANdeYigPli 18888 havi ng been converted to anplified
electrical signals, are analyzed with a nethod capable of renoving any _
background f| udhedeterioes aranded toatomeert theesxuttedeleotnomagtetit badiateansintoTde choi ce
of excitation and em ssion energies used in a specific enbodi nent depends

upon the erecgRbEl it ahesa@bénidaired eXpreiors defebipss, olihdiiffedensientitivitiedabl e |
lists the excitation and em ssion ranges of sone of the nore abundant

Tsts jes of ‘some of dat
Loxi n) st Pod AP ah U al DY I B o S AR, ™ "
' bi al _tgxi . b ted usi [ h at '

manner o1 A RAITEE b Rdiods LAPBS SES Rkl o b Thrr AteltrRogH3e 1 Goc 13

12 AUG 2005 Table |I. Excitation and Em ssion Ranges for M c¢robi al
Fl uor ophoﬁ‘@éqd #spend HP9IHHeERrRey; o the radiation to be detected, the strength of the

) emission signal, and the required detection limit of the apparatus.

The collected emission energies, having been converted to amplified electrical
signals, are analyzed with a method capable of removing any background fluorescence
and scattered excitation contributions. The choice of excitation and emission energies
used in a specific embodiment depends upon the target microbes and their expected
physiological status. Table I lists the excitation and emission ranges of some of the more
abundant intrinsic fluorescent compounds found in various microbes (and proteinaceous
toxins) and indicates their likely presence in each. (Proteinaceous microbial toxins can

) be detected using this method and apparatus in a manner similar to that used for the

detection of viruses.)
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Vi abl e Non-
((mMm)Cells 260 -
hanXXXXX 265 -
480Ca- Di

isX 310 -
450RPNX 340-360470- 490RPNX 430 -
580FI avi nsX 560 -

280340 -
330400 -

285340 -

585615 -

430Ca- Di

680Por phyri nsXX 560 -

330430 -
535FI avi nsX 470 -
580620 -

280340 -

Range Range Fl uorophoreCell svi abl e SporesVi rusesToxi ns
360Nucl ei ¢ Aci dsXXXX 265 -
360Tyr osi neXXXXX 270- 280380- 400ATPX 270
isX 320 -
450520 -

360Tr to

450RPNX 3£W§@%430

485560 -

700FI avi nsXX 610 -

650750 - 800UnknownXX 650 - 670730 - 780UnknownXX (In Table I, ATP is
adenosine tri pho%gbqatIeExmgatl%ﬁNamri melgsslon ﬁaﬁg@:g f&%%?gﬁalpb‘lu)r%pf‘&es nucl eot i des. )

Excitation | Enussion Viable | Non-

Range Range Fluorophore Cells | viable | Spores | Viruses | Toxins
(nm) (nm) Cells

260 - 285 | 340-360 | Nucleic Acids | X X X X

265 - 280 | 340 -360 Tryptophan X X X X X

265 -280 | 340 -360 Tyrosine X X X X X

270-280 | 380-400 ATP X

270-290 | 460 -480 Ca-Dipic X

310-330 | 400-430 Ca-Dipic X

320-330 | 430-450 RPN X

340 - 365 | 430-450 RPN X

340- 360 | 470-490 RPN X

430-450 | 520-535 Flavins X

470-485 | 560-580 Flavins X

560 - 585 | 615-680 Porphyrins X X

560 - 580 | 620-700 Flavins X X

610- 650 | 750- 800 Unknown X X

650- 670 | 730- 780 Unknown X X

(In Table I, ATP is adenosine triphosphate ;Lnd RPN refers to the reduced pyridine
nucleotides.)

Figure 2 shows the emission spectra of a bacterial solution (Bacillus
thuringiensis) in a minimally fluorescing media when excited with light at 345nm. The
solid line shows the observed emission spectra of thie bacteria and the dashed line
indicates the contribution of the Rayleigh scattering to this spectra. Subtraction of the
Rayleigh background from the observed spectra results in the true emission spectra due to
the metabolites excited by 345 nm light (Figure 3 D). The magnitude of the background
from Rayleigh scattering at wavelength A can be described by the equation: I = A/A* + C.
(In this equation, I is the intensity of the incident light; A is determined by the
experimental conditions; the value for the constant C is typically determined by the

characteristics of the istrument used to collect the data.) The combined emission
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Figure 2 shows the em ssion spectra of a bacterial solution (Bacillus

thuringiensis) in a mnimlly fluorescing nmedia when excited with |ight at
345m. The solid line shows the observed emi ssion spectra of the1QagGenisa
and the dashed line indicates the contribution of the Rayleigh scattering
to this spectra. Subtraction of the Rayleigh background fromthe observed

spectra regldbi$midT thdWactdrid@s i GiSWREh SHREEH WAth™2S ring, 3451 BRd 8PPhintsBswexci t ed
by 345 run'light (Figure 3 D). The magni tude of the background from

Rayl ei gh scat.ter] h ' : : tons I = A
A L T S S L AN
determ ned_by the experi nent cqondi tions; e v e for the constagnt Cis
Lypi cal l'y SelwpRHuds) cRuatedhe i amea el ot rentle Hom e e meneatsi o
collect the data.) The conbi ned em ssion 522725v1. doc 14 12 AUG 2005

spect r um ofquatien,bacmetelyadllozohgfardime swsiacteorcofitbel bedkighoupdsignah frogutder i m and
570 rimshows mninma near 515 rimand 850 ran. The neasured fl uorescence

i ntensiti egetédtebdindli Ratelgh 8&Refihbadkgrdim@dubigactiah cupatieulah suitddfomn val ues
of A and C fromthe aforenentioned equation, ultimately allow ng for the

subtracti Oll?qLﬁg 3{2@ Gir Q%@EQE-%{HQ sﬁﬁugfé%eéiﬁ ermibA %}fg?%%%&%lggx@g@h cabtBL Yl e gh

scattering. groundsubtraction I's particu u 't quid and

air sanples; .of her sanple dia,exhibit, different ckgrounds and can be
treat ed wtﬂ%t?%‘é’ltéﬁlber?fﬂ?pﬁae tthﬂgﬁée'%'eMd.fcaﬁ/Flé“gsSEfta&t ering, etc.). Figure 3
shows the background-subtracted em ssion spectra of viable bacteria,

non- vi abl e bact BigEe hpvesibe backgranndowbiraged snission spestiamyivérds Bctdide to the
various intrinsic fluorophores excited at 280 run (A), 315 run (B), 325 rim
(C), B45 rian-Yidple BT@ria Dt sEEy selnto@8Barilins (HEyinglingls) duettoshowariaise obvi ous

di fferences of the fluorescence signals (normalized to the em ssion at 440
rimafter ipaddsty Qudtdplsaibd eadtd ar)soheh (8% 1S ahd(B)y32ha (€3] 345(ndy (DY)GM6 Vi abl e
cell (B) and the spore (C) solutions. The anal ysis nmethod uses

nm (E) and 660 nm (F). Figure 4 shows the obvious differences of the fluorescence

signals (normalized to the emission at 440 nm after background subtraction) between said
viable cell (A), non-viable cell (B) and the spore (C) solutions. The analysis method uses
these differences between the viable cells, non-viable cells and spore solutions to
distinguish between these in samples. The magnitudes of the detected and background-
subtracted signals are used to quantitate the number of microbes in the sample.

In the one embodiment of the invention, the use of excitation filters at 325 nm,
345 nm and 570 nm would allow for the detection of and discrimination between live
cells, dead cells and spores. These excitation filters would allow the excitation of
reduced pyridine nucleotides, various flavins, calcium dipicolinate, hemoproteins and
other components. The selection of filters for the emission detection of the excited
fluorophores would include those at 405 nm, 440 nm, 480 nm and 650 nm; these filters

correspond to maxima in the emission spectra of the excited flurophores. Additionally,
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these differences between the viable cells, non-viable cells and spore
solutions to distinguish between these in sanples. The nagnitudfi mL&}?e
det ect ed and background- subtracted signals are used to quantita A 0
nunber of mcrobes in the sanple. In the one enbodi nent of the invention,
the use of excitation filters at 325 nm 345 nm and 570 ran would all ow for

the detectiQn Ofisabd AttR51hM30E R0 REHURER b} MR defeBhlrmtiof @R theGRhdSand
spores. These excitation filters would allow the excitation of reduced

pyridine n eotd d varipus.flavin al ci L RLGol in .ot ei ns
and other&@hﬁﬁ%hﬁﬁﬁggmgﬁ%Pgﬁ%g%Fp%n%SFEWFf?%gﬁgég?&yﬁgngﬁﬁggggﬁRﬁg ection
of the excited fluorophores would include those at 405 run, 440 ri.m 480
mu and 65@NiigHatioR¥as cpngtiustes. ABilEedornRn 1amep WaxPerd asiihe ﬁ%htéﬁil"s%i"ﬂw spectra
of the excited flurophores. Additionally, 522725v1 Am 15 12 AUG 2005 ot her
emi ssi on finterferencé BA& tation dilidrs8 B0fotusm) g epticasvafdad to lvellutexte thei light boforathe t he
magni tude of the refl ected/scattered background. To achieve a | ow detection

limt, thenfplekivt FtersC OMeifBEsRid 21 COBECHANHEAGE&ds wArdedrsadcts@nem | anp was
used as the light source with interference excitation filters. A focusing

optic is AN L ] f ﬁﬁﬁﬁ;ﬂ ters. The
focusi ng gﬂggg%{ 1I%g% |‘6én6}%‘{ﬁg f‘%:%ﬁmlﬁ)l}a%rc}ég %ﬁé}%&g@@?ﬁ%tggﬁ ?I:hg pg:hlkshed
reflective optics to eljnmnate kground. f l.uor escenc The. parabolic
Col | ect i orPBrtaortam whioh ooy il 20 FiBe Ghiden oAb Mebafrdhan ™ or o
fitted wth interference emssion filters, collimting optics and PMIs. The
i nst r unentinfereEsrice gBUSsIf ltere sl lBratingwptipnandgtMis o Aha HEtramgnt Binstiensy e
controlled by a mcrocontroller. In this enbodi nent of the invention, the
det ec)( i on datd baltbctienlinteeditibhend ehaysis/eerercatiroeddfy 4 écrdedrextied and
background-corrected signals to lie wthin certain physiological ranges.

Anal ysis of gregitafs dnit/dirhéf of 8iEihemtioh Ot defectidh@adthbdesiwiredithd RI£LNE speci es

of bacteria and spores showed that the numerous ratios could be used to

ensure a Shabd §fthe Able¥ted and background-corrected signals to lie within certain physiological
ranges. Analysis of greater than 500 samples from more than twenty different species of
bacteria and spores showed that the numerm’]s ratios could be used to ensure a statistically
significant identification. Figure 5 shows the distribution for just one of these ratios (440
nm/480 nm ratio after background subtraction) of 22 species of bacteria, thus defining the
physiological range required for the detection method. The method could also

*) discriminate bacteria-containing solutions from sterile media and other biochemical

buffers. Using a variety of methods and the following ratios (650/405, 405/440, 480/440,
650/440, 405/480 and 650/480), e.g., Neyman-Pearson test, fuzzy logic and a trained
neural network (utilizing a multilayer perceptron), these gave a 99%, 95.6% and 100%
probability of detection, respectively for the presence of bacteria. (False alarm

probabilities of the 500 data points taken for these detection algorithms were as follows:

Neyman-Pearson (0.01 %), fuzzy logic (0 %), and neural net (0 %).)
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significant identification. Figure 5 shows the distribution for just one of
these ratios (440 nnf480 run ratio after background subtraction) of 22
speci es of bacteria, thus defining the physiological range requj{ggb ?@5 t he
detection nmethod. The nmethod coul d al so discrim nate bacteria-contalning
solutions fromsterile nedia and ot her biochemi cal buffers. Using a variety

of methods and Fi%@re%@hb&%ﬁﬁ fFh bRS ehR90A FRPN) 8PBAAdruntBPFst4Qable 6RO/ 440,
405/ 480 and 650/480), e.g., Neyman-Pearson test, fuzzy logic and a trained

neural network (utd]i zi a,multil ayer perceptyon t hese,.gave 9% _95. 6%
ond 1005 "HRGURBF SFAF R aBe e s M e BEE BRI P’ R MG Cctitln
bacteria. (False alarm probabilities of the 500 data points taken for these
det ect i on Vatdeand rers vigklesels 1x e pignal: rorngysrinopessnse s derrofigye 7:h9%s | ogic
(0 %, and neural net (0 %.) 322725vLdoc 16 12 AUG 2005 Figure 6 shows data
from one ¢t esparse OREN)REIN etissidnnts thsoireeiatiof anli oni thblserfaoedbf tmivay vidabl e

Sal nmonel l a typhi cells on the surface of a glass slide. The difference

bet ween egllign Rtk WANbMbARKA BSdrv& fol ofREn3é8hRl déte@mridbihodd Mor escence is
clear. Figure 7 shows the response of the RPN em ssion to Escherichia coli

on the Suihace.pl, LU KEY. v o IBGREA 8 LIdhl: eblcrte) Buci el phser ved f or

ot her m crobra etec n'ne e, W thout the
need for reagents or touchj.ng the neat sur e. |In anot her_enbadi nent of the
vent Lon © L Ebdn aBnier GHoU BEH P SHOTEHI B bE e R 7 CoBtE Ao Phe
conponent (s) found in spores and dead cells shown in Figures 3D and 3F.

Fi gure 8 droussditpexdid the rempeirats) fawet ingapeas aad desdedllssbown i Fearesr3D
envel.opes when excited with light at 660 nm the arrowin this figure shows

t he |bcat iand 36f Rigee Sahbws iherenszgi@cipectrd oDpapspandearand samples ofbhwelapes | s at
this excitation. As the paper and envel opes contain this spectroscopic

Wi ndow it vwienReeEOWah 1i@h0R1680 hinb Aed Lfdvain BRADEROERSYs the eftafien BapRr and

i nside envel opes. It is possible, and sonetines desirable, to include
emission expected from spores and non-viable cells at this excitation. As the paper and
envelopes contain this spectroscopic window it is possible to detect bacterial endospores.
behind paper and inside envelopes. It is possible, and sometimes desirable, to include
excitation at 570 nm as the resulting emission from non-viable cell component(s)
between 610 and 680 nm excites the spore components that fluoresce in the
aforementioned spectroscopic window. Figure 9 shows the differences between the 780

) nm background-corrected fluorescence signals of an envelope and a sample of freeze-

dried Bacillus thuringiensis spores sealed inside of the same envelope. With this
embodiment of the invention it is possible to quickly detect spores in envelopes without
the need for reagents, sample processing, contact with the sample or opening the
envelope.

The embodiments of the present invention described above are intended to be

merely exemplary, with other configurations, variations and modifications utilizing the
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excitation at 570 nmas the resulting em ssion from non-viable cel
conponent (s) between 610 and 680 nm excites the spore conponents that
fluoresce in the aforenentioned spectroscopic w ndow. Figure 9 sgqg@ ﬁ@@
di fferences between the 780 run background-corrected fl uorescence- 8 S
of an envel ope and a sanple of freeze- dried Bacillus thuringiensis spores

seal ed i ngbeneitidnde bagimicanyeliiapie to Wokdiskiledin theaad i RN départdiefrom\dant i on
it is possible to quickly detect spores in envel opes without the need for

reagents, I in ) i e

envel ope. STRLPERABPBRRR, "ne AR RE bt ihoatd AT 0 R S ARHEREED o o

i ntended to b rel.y exenplary, wth.other configurations, .variations and
o 11 cat PSSOk HET koSt it o Ha RN SU0% MEGM et | oned basi ¢
i deas available to those skilled in the art without departing fromthe
spirit of fluecophevesrwitlosubsatusnisashsisof! thadsiesied ¢roysianstwihpaatbadsshato det ect

m crobes includes utilization of sinultaneous excitation of nultiple

i ntrinsi c caheuretdlaccdunt or®Rbieresn M irialsatdseqguendaidsighalstsliowvithine det ect ed
em ssions with nethods that concurrently account for background signals and

require Sﬁggsiéio%&%l Sanls. | AR viidtdhg m&&lﬁé&tﬁa‘gﬁ%&é‘&bﬁeﬁ%ﬁtﬁﬁ iaﬁé' ihrehaEd RtYeons.

nodi fi cat s and configurations are intended to the scope of the

present inventi,on as defined in the a ed.cl,ai ns, 2725v1.d% 18 12 AUG
Doe: aLal MR ePR S he Bidted Dotafio B EHHES i B PDna S B ror at + onof
m crobes conprising: a. exciting at |least one intrinsic mcrobial

fl uorophore having a specific excitation range of el ectromagnetic radiation
wavel engt h above 200 nm whereby said intrinsic

—
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fluorophore in the mcrobes is excited to emt fluorescence; and b.
detecting the signal intensities associated with the mninma and naxi ma of
the mcrobial fluorescence; and c. detecting the background intﬂ@hg '?%5 at
the m nima and maxi ma of the microbial fluorescence in the absence ©
excitation; and d. calculating the intensities of the reflectance and
Scattering at the maxima of the mcrobial fluorescence fromthe intensities
of the background-subtracted mnima with an appropriate algorithm and e.

subtracting the cal cul ated refl mﬁg%ﬁﬂﬂéﬁr ed signal intensities and
measured background intensities fromthe detected signals of the m crobial

fluorescence; thereby determ njng.the nunber of m.crobes by .the nagnitude
of the detected fI%%&Pé?ﬁ@?&&%‘%@@ﬁ“ﬁ&?ﬁ@%ﬁﬂ?m SrPreetAREe, and

scattering contributions have  been subtracted. 2. The nethod as set forth
in Claiml, wher@&chingm least pess ingansipumiqroial fluorophprehaximger snegibis) exeitationsi ti es,
from whi ch measured_background and cal cul ated reflectance and scattering
have been subt F238&e afjeledromagaatis radistian; wayglepgthpbevee209ams crlicssby said intissic
physi ol ogi cal state of the m crobes depends upon the requirenent that the
rati os of theflpererhproimtbe microbes isex¢itgd toemit fladrescercgnad- corr ect ed
fluorescence signals lie wwthin specified £hysi ol ogi cal ranges and that the
enuner ati on of bt #teqting rth signslsinteasibesnaspesiptedyywith Hhe muipimat ade marimageidthdet ect ed
signals the ratios of which lie within said expected ranges. 19 12 AUG 2005
3. The net hod mdcrelbal flugres¢entqya® ai m 1, wherein said microbial fluorophores
are selected fromthe group consisting of nucleic acid polyners,
t r ypt ophan- cont.adetictigg the background intensities at the minima and maxima of the microbial

fluorescence in the absence of excitation; and

d. calculating the intensities of the reflectance and scattering at the maxima of the

microbial fluorescence from the intensities of the background-subtracted minima with

an appropriate algorithm; and

e. subtracting the calculated reflected and scattered signal intensities and measured

background intensities from the detected signals of the microbial fluorescence;

thereby determining the number of microbes by the magnitude of the detected

fluorescence from which background, reflectance, and scattering contributions have

been subtracted.

2. The method as set forth in Claim 1, wherein the ratios of multiple

fluorescence signal intensities, from which measured background and calculated

reflectance and scattering have been subtracted, are determined; whereby the detection

of the physiological state of the microbes depends upon the requirement that the ratios

of the background, scattering, and reflectance-corrected fluorescence signals lie within

specified physiological ranges and that the enumeration of the microbes is determined

by the magnitude of said detected signals the ratios of which lie within said expected

ranges.
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proteins, tyrosine-containing proteins, adenosine triphosphate, calcium
di picolinate, reduced pyridine nucleotides, flavins, porphyrin-containing
proteins, and other conponents excited in the 610-670 nn1region124w3ﬂﬂg

met hod of Claim1l, wherein the viable mcrobes to be detected include at

| east one of the follow ng: bacteria, fungi, protozoa, and rickettsiae; and
the intrinsic mcrobial fluorophores used to detect the m crobes include at
| east one of the follow ng: nucleic acid polyners, tyrosine-containing
proteins, tryptophan-containing proteins, adenosine triphosphate, reduced
pyri di ne nucl eotides, flavins, porphyrin- containing proteins, and others

excited iy the 610-6rQ Jumddel ffortR in ENEm T WRERin0Sai dnftkdbial AubhPhGEDare |
non-vi abl e m crobes to be detected include at |east one of the follow ng:

bacteria, fungj e t gl aen: i AL e sk abi al
fl uor ophores uggﬁﬁ?gﬂﬂé?g%Fﬁ?ﬁé£#?%§g52gﬁﬁﬁgﬁgggﬁgﬁm?ggg$&§%%ﬁSgh%hgg
foll ow ng: nucleiec acid:no : t - el e| .
tyrosine-contakﬁ%%g’%%9%@%%%§§L%%8&%% ’%@?ﬁgpﬁgﬁﬂﬂ%ﬁgggf E@F‘?@E@Pﬁﬁ?
por phyri n- cont ai;ni d NS, her It [ - regi on.
6. The net hod g¥n%¥ng§@§§dﬂ%$g?%gtﬁg%ﬁgc i ééh?%ﬂg%nﬁipg%lég g&%‘ﬁ%%te?ia
endospores, and_ the inE%h?ﬁﬁﬁ?é%#@@ﬁ@QPreS used to detect the endospores

0 e fo

. components region., _. .
include at | ealtPonRe oW ng: A0 ei ¢ acid pol ymers,

t i - t ai ni t ei {. t ophan: cont.ai ni t ei .cal ¢i
Y05 e Ll 1110 LBy PRRATHE BB B e FOLE AT
1005 7. Th hod of im 1l inth 1 bes .to _he d t.ed. i.ncl ud
SR U LR L R e R

a Teast one of Lice AOIbSA%iRUS! G 3! hiBRLARRue g8 15 @b M N9

following: nucleic acid polymers, tyrosine-containing proteins, tryptophan-containing
proteins, adenosine triphosphate, reduced pyridine nucleotides, flavins, porphyrin-
containing proteins, and others excited in the 610-670 nm region.

5. The method of Claim 1, wherein non-viable microbes to be detected include
at least one of the following: bacteria, fungi, protozoa, and rickettsiae; and the
intrinsic microbial fluorophores used to detect the microbes include at least one of the
following: nucleic acid polymers, tryptophan-containing proteins, tyrosine-containing
proteins, reduced pyridine nucleotides, flavins, porphyrin-containing proteins, and
others excited in the 610-670 nm region.

6. The method of Claim 1, wherein the microbes to be detectedv are bacterial
endospores, and the intrinsic fluorophores used to detect the endospores include at

least one of the following: nucleic acid polymers, tyrosine-containing proteins,
tryptophan-containing proteins, calcium dipicolinic acid, and others excited in the

610-670 nm region.
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containing proteins. 8. A nethod for the detection and enuneration of

m crobes conprising: a. exciting of nultiple intrinsic mcrobial
fluorophores with ultraviolet electronagnetic radiation having excitation
wavel engt hs between 200 and 300 nm whereby intrinsic fluorophid it 7005 any
m crobes present are excited to emt fluorescence, sone of which
fluorescence is self-absorbed to excite other mcrobial fluorophores that
inturn emt fluorescence; and b. detecting the fluorescence signal
intensities associated with the mninma and naxima of the m crobial
fluorescence; and c. detecting the background intensities at the m nima and
maxi ma of the mcrobial fluorescence in the absence of excitation; and d.
calculating the intensities of the reflectance and scattering at the naxim
of the m cr obi al f l’[g.?%%ﬁfbﬂ%?%ljl{qol%%ﬂ #k ﬁﬂ&bt&e‘s ?(?Fé)zletéctf'ﬁl include viruses,
background-subtracted mninma wt an appropriate algorrthny and e.
subtracting the | cul at r ef ed .an r Sl | .10t i L4 and
measured bac kﬁP:‘\)E}hedmgr ﬁ]gsﬁgﬁluoﬁoﬁb’ g%% iufeldgtg ddf?egﬁ%th%hlerg et e%?% tsllgagc'ﬁg es‘t"ijo gt he

m cr obi al fluorq?%gnqe' %p% %1 %2 AUG, 2005 f. deternunfng Hp%é,#hﬁnratios
of the detect ed®TIUBF eLUkHE & GRSt MERNH TR MBS ALYF B InE™ PP ance,
and scattering contributi.ons have been subtracted lie within physiological
ranges, ther eby"YBPEERNNFAY t he nunber of nicrobes by the magnitude of the

det ected f| uorescence sj |5 from whi ch background, refl ectance, and
scattering contri buth BROOHER bR SupepHPiRl PR SOBPISIRR: oh 11 e wi t hi n

hysi ol ogi cal ranges. . T I . .
phy 9 a. e&xciting of multiple intrinsic microbial fluorophores with ultraviolet

electromagnetic radiation having excitation wavelengths between 200 and 300 nm,
whereby intrinsic fluorophores in any microbes present are excited to emit
fluorescence, some of which fluorescence is self-absorbed to excite other microbial
fluorophores that in turn emit fluorescence; and

b. detecting the fluorescence signal intensities associated with the minima and
maxima of the microbial fluorescence; and

c. detecting the background intensities at the minima and maxima of the microbial
fluorescence in the absence of excitation; and

d. calculating the intensities of the reflectance and scattering at the maxima of the
microbial fluorescence from the intensities of the background-subtracted minima with

an appropriate algorithm; and

e. subtracting the calculated reflected and scattered signal intensities and measured
background signal intensities from the detected signals of the microbial fluorescence;

and
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9. The nmethod as set forth in Claima8, wherein the intrinsic mcrobial

fl uorophores of said mcrobes include one or nore of the group consisting of
nucleic acid polyners, tryptophan-containing proteins, adenosiipe\lc 2005

tri phosphate, and cal cium dipicolinate conpounds. 10. The nethod as set
forth in Claim8, wherein secondary-excited mcrobial fluorophores include
one or nore of the group consisting of calciumdipicolinate, reduced
pyri di ne nucl eoti des, flavins, porphyrin-containing proteins, cellular

conmponents excigt edetbﬂﬂnﬁ he tﬁé%@l&:&%ff ﬁﬂ' RectedNfludrfi8erck K€enais 1 frothhehidgt hod as
set forth in Caim8, wherein the viable nmicrobes to be detected include at

| east one of t@%cﬁg?duh@%ﬂ&tan@@%@rséa?tenﬁgJ&ﬂlnbuHSr%t}%@ﬁeenas'ilgtrac{éd%%e&ﬁ}ﬁh ae, and

the intrinsic m crobi al uorophores used to detect the mcrobes are

sel ected from tph?sugBQ&ﬁ) rzﬁ%gss 'tlﬁeﬁ-éb?gleﬁg;mlﬁfﬁ%ltﬁé r?lm?tfél' gf E’xﬂ!:r\m&rb%' 'the magnitude

t yrosi ne-cont a| n prot el ns Yyp top contal ni ng proterns, adenosine

triphosphat e, ﬁ@ge&t&%d Al HEsce U BB 485 i bkgrchBl PRIl 5R0RhA! i ng

proteins, and SelTul ar conponen S ex nn1reg|on 12. The

et fiod of Ol al m St SLRLRAIE R Kbl byflhed el B FBkEChefc ude

at |least one o acteria, a, and et't si ae;
and the |ntrlgﬁ|c nlcroblal fl uor ophores used to detect the nlcrobes are
sel ected from tHE Qﬁgfﬁ REG 2005 group consi sting of nucleic acid polyners,

t t t t n b
2155 0SS B RTINS BN S o
conponent s exc

) d ,
roladhdipdi 'éfuef%bmfs s e Rbeant e g? Piors % the %r&sre goglsféwaso?fﬁamfmn i ¢

f 1 uor ophor es use, det ect the spores includ
P acl ?ymers,? tophan-co talrn?ng protefns aj enosme trlghos;())ha?e and calcium

dipicolinate compounds.

10. The method as set forth in Claim 8, wherein secondary-excited microbial
fluorophores include one or more of the group consisting of calcium dipicolinate,
reduced pyridine nucleotides, flavins, porphyrin-containing proteins, cellular
components excited in the 610-670 nm region, and the like.

11. The method as set forth in Claim 8, wherein the viable microbes to be
detected include at least one of the following: bacteria, fungi, protozoa, and
rickettsiae, and the intrinsic microbial fluorophores used to detect the microbes are
selected from the group consisting of nucleic acid polymers, tyrosine-containing
proteins, tryptophan-containing proteins, adenosine triphosphate, reduced pyridine
nucleotides, flavins, porphyrin-containing proteins, and cellular components excited
in the 610-670 nm region. |

12. The method of Claim 8, wherein the non-viable microbes to be detected
include at least one of the following: bacteria, fungi, protozoa, and rickettsiae; and

the intrinsic microbial fluorophores used to detect the microbes are selected from the

22



the follow ng: nucleic acid polyners, tyrosine-containing proteins,
trypt ophan- containing proteins, calciumdipicolinic acid, and spore
.conponents excited in the 610-670 nmregion. 14. Apparatus for1fMHSZMS
detection of mcrobes in a sanple on a non-living surface, in air, or
liquid conprising: a. nmeans for directing el ectromagnetic radiation towards
fhe sanple, said neans adapted to enit radiation at energi es capabl e of
exciting at |east one intrinsic mcrobial fluorophore; b. at |east one
detector for ehgg ERRRENELE Gudi@diadii RIYnfeAP 3RbEnfontMINE hididisk, ttRBropdL t t ed,
or reflected and scattered radiation into electrical signals, said detector
adapted to de_t&ﬁairﬁllx;fgﬁét@iﬂ&g%hbéa iRl 'x{hﬁleéﬁide‘é{a\{ﬁ:vﬁﬁgtpbﬁh?ﬂi}%&ué}@ﬁg nmto

detect the mninma and nmaxi ma associated with the fluorescence em ssion of

sai d m crobi al yrofeld OMARORNISTomPOEnG exIRANSthE 810-87 R Fidieh. L he el ectri cal
signals corresponding to the fluorescence of the 1ntrinsic mcrobial

fluor Ophorlﬁsl’e and thg, '}r?e}ﬂo%%f% AN \?@&éifﬁﬂeeglig&(ﬁ%is &bl (a@teé:jﬁg# %&S%fcieﬁa to

det erm ne presence of m crobes. he apparat us as ined In Caim

14, wherein th I i i t ] crobes in
e odul at ed vt 64 BRTBRRGE AEAMBKER BiPro LB P OURLEP o U BRERODSD 1
wherein the neans,for. directing..electro netic radi ation_ ingcl &S _means
For  ti me- mooul 01 RUCERE SRgke Bid GBS BER R ab BT vl Teiifhy o1

detection and GauaRt ALl LACLaLhE 8Blcsini® bk SAndAG S B mpoR¥id ExHARA bR NO*

610-670 nm region.

14. Apparatus for the detection of microbes in a sample on a non-living surface,
in air, of liquid comprising:
a. means for directing electromagnetic radiation towards the sample, said means
adapted to emit radiation at energies capable of exciting at least one intrinsic microbial
fluorophore;
b. at least one detector for electromagnetic radiation capable of converting the
emitted, or reflected and scattered radiation into electrical signals, said detector
adapted to detect electromagnetic radiation at wavelengths above 320 nm to detect the
minima and maxima associated with the fluorescence emission of said microbial
fluorophores; and
c. means for analyzing the electrical signals corresponding to the fluorescence of the
intrinsic microbial fluorophores, and the reflected and scattered excitation intensities
to determine the presence of microbes.

15. The apparatus as defined in Claim 14, wherein the electromagnetic waves are

directed towards the microbes in time-modulated pulses.
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a. exciting at least one intrinsic fluorophore having a specific excitation
range of el ectromagnetic radi ati on wavel ength above 200 nm whereby said -
fluorophores in the proteinaceous toxin present are excited to EY?RUGZNE
fluorescence; and b. detecting the fluorescence signal intensities
associated with the mnima and naxima of the excited fluorophores; and c.
detecting the background intensities at the mininm and maxi ma of the
fluorescence in the absence of excitation; and d. cal culating the
intensities of the reflectance and scattering at the maxi ma of the
fluorescence fromthe intensities of the background-subtracted mninma with

an_ appropjgi ate al gofl! iRraANd aehined VAL CAGH 14 LiGefabeubased el eghed and

scattered signal intensities and neasure kground intensities m t he

detected sig naL]géthtnfagﬁétfci Eﬁlaf?(grb?/&?ﬁiu WRGLAS i Qﬁﬁé-?'lo&ﬂgtﬁ%bﬁle de%c?rrogjaglieﬂg the

anount of protelnacedus toxin e magni tude of sal etecte
fl uorescence fﬁﬁﬂ%w%ich background, reflectance, and scattering
contributions have been subtracted. 18. The nmethod as set forth in Caim17,

wherein sgi,d m crobe, In'eHBg PR &5 écgneand%ﬁlkrﬁe“f&t?o% b RO QYR GONST ST NG Of
t rypt ophan-cont ai ni ng prot el ns and yrosi ne- contal ning pro&elns. 24 12 AUG

2005 19. A netpod for the detection and enuneration of spores and non-vi abl e
- OXI1I1S comprlsm% . . : . . . . .
bacteria conprising:"a. ®&xciting at |east one intrinsic mcrobial

fl uorophore haviQ% a sgﬁcggic.e iciit%ion]}e rﬁpgpapf eéeg}&gn% neti¢c radiation
wavel engt hs betwe@f 880" &HY 700 AT “AHEPELY * E&  FPFRLs FIRETE T P ophor es
Present 1N the R aandti Jadifibn WG Ve 20 el WheFh§ ' shif frubphores in the
) proteinaceous toxin present are excited to emit fluorescence; and
b. detecting the fluorescence signal intensities associated with the minima and
maxima of the excited fluorophores; and
c. detecting the background intensities at the minima and maxima of the
fluorescence in the absence of excitation; and
d. calculating the intensities of the reflectance and scattering at the maxima of the
fluorescence from the intensities of the background-subtracted minima with an
appropriate algorithm; and
e. subtracting the calculated reflected and scattered signal intensities and measured
background intensities from the detected signal intensities of the fluorescence;
thereby determining the amount of proteinaceous toxin by the magnitude of said
detected fluorescence from which background, reflectance, and scattering
contributions have been subtracted.
18. The method as set forth in Claim 17, wherein said microbe fluorophores are

selected from the group consisting of tryptophan-containing proteins and tyrosine-

containing proteins.
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emt fluorescence; and b. detecting the signal intensities associated wth
the mninma and maxima of the fluorescence; and c. detecting the background
intensities at the minima and maxima of the intrinsic fluorophpmigs 7806 t he
absence of excitation; and d. calculating the intensities of the reflectance
and scattering at the maxima of the mcrobial fluorescence fromthe
intensities of the background-subtracted mnima with an appropriate
algorithm and e. subtracting the calculated reflected and scattered signal

intensiti and neasur ackaround intensities.fromthe detected signal
intensiti Eg of the %)P&‘ng(é‘j oﬁ%gg%tﬁ‘#'é’f‘ a"‘??"tfgqre ai'@ﬂgfes;pofeﬁgrrl e‘[‘)‘i,“"gﬁﬁﬁé?"g "®ng the
spores and non-vi ahle bacteria by the nmagnitude of the detected

f1 uorescence fPERIWAFCch background, reflectance, and scattering
contri butions have .heen subtracted. 20. The, net Fod as. set forth in.Claim1l9,
Wherel n the rdt; GSBRE AP 56 TGP Fitob s UOREPIE gy 0B A BETEH ST BHEN o o o
det er mi ned; wher eb% he distinctjon between sgor es Ss%gd non- vi _abhe acteria
depends upon t"#RECr ciramagnetic fagiatiop wavglengihs BweqRedSOhandi (10 Pmg W%t ed
fluorescence signals |lie within specified physiological ranges and that the
enuner ati on ofS*8pBFiasc fuogeharRTERE iBfhe tpereanh pemtiable padeiapre St &y
signals the ratios of which [ie within said expected ranges. 25 12 AUG 2005
21. The net hodmitlworesrsAce@ndwherein the intrinsic nicrobial fluorophores
used to detect the non-viable bacteria and bacterial spores are selected
froma group ibncldssackng the sigyal irfensiiss pisgeisted wish theimtinims avd mazimsof thhd ot her
conponents excited in the 610-670 nmregion.

fluorescence; and

c. detecting the background intensities at the minima and maxima of the

intrinsic fluorophores in the absence of excitation; and

d. calculating the intensities of the reflectance and scattering at the maxima of the

microbial fluorescence from the intensities of the background-subtracted minima with

an appropriate algorithm; and

e. subtracting the calculated reflected and scattered signal intensities and measured

background intensities from the detected signal intensities of the excited microbial

fluoresence; thereby enumerating the spores and non-viable bacteria by the magnitude

of the detected fluorescence from which background, retiectance, and scattering

contributions have been subtracted.

20. The method as set forth in Claim 19, wherein the ratios of multiple detected,

background-corrected signals are determined; whereby the distinction between spores

and non-viable bacteria depends upon the requirement that the ratios of the

background-corrected fluorescence signals lie within specified physiological ranges

and that the enumeration of spores is determined by the magnitude of said detected

signals the ratios of which lie within said expected ranges.
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22. The method of Caim 19, wherein the non-viable bacteria and bacteri al
spores are detected on surfaces, inside paper envel opes, through paper, in
.solution, and in aerosols. 23. A nethod for the detection and ﬁmu tion
of spores and non-vi abl e bacteria conprising: a. excitation of t gie
intrinsic mcrobial fluorophores with electronagnetic radiation having
excitation wavel engt hs between 550 and 640 nm whereby intrinsic

fl uorophores in any spores and non-vi able bacteria present are excited to

em t flupyescence, TRONBILE] o3RS 19, WHRFESHE MifinsiSmR flbial ARSRpRGE {8 fXCite
ot her spore fluorophores that in turn emt fluorescence; b. detecting the

fluorescence sjQh@ihelf3h&Abld babiridaROGEREASpded air']fe §d1&1dll (IR gﬁ{ﬂg inciRlgm™® Of

the m crobial fluorescence; and detecti hg the backgroun htensitles at

C
the nini ma andfc]g@f.g, ?gquyfrrlir}—&ﬁtéixﬂﬁ%%ﬂa&iirﬁ, ard a&&%&p&ﬁtsi &ciga%qpégﬂfs@yoof

excitation; an ulating t Intensities o e reflectance and
scattering at fhe. ima of the mcrobial fluorescence fromthe intensities
of the background-Subtracted minima with an appropriate algorithm and e.

subtracti E%af: he cal gy rﬂ&ﬁ&f SEELEEIE %%R:ﬂ* e ﬁ‘{“{ﬁéﬁ% g?d't&ﬁaahd ibQ&t&%ﬁ isé(}r s and

measur ed kground signal i ntensrties ected sign ntensities

of the excited i.crobial fl|uorescence; a 26,1 0Q5_¢f ... determ ning
Chat the rati 8t SREAREb Ty Bot HREREH o B0 ot trahy Bty
background, refl ectance, and scattering contributions have been subtracted

lie within pRYSPOTogical ranges, thereby deternining the number of

bacteri al 233. pores ang rrrlle?lpo-d for the detection and enumeration of spores and non-viable bacteria

) comprising:
a. excitation of multiple intrinsic microbial fluorophores with electromagnetic
radiation having excitation wavelengths between 550 and 640 nm, whereby intrinsic
fluorophores in any spores and non-viable bacteria present are excited to emit
fluorescence, some of whgse fluorescence is self-absorbed to excite other spore
fluorophores that in turn emit fluorescence;
b. detecting the fluorescence signal intensities associated with the minima and
maxima of the microbial fluorescence; and
c. detecting the background intensities at the minima and maxima of the intrinsic
fluorophores in the absence of excitation; and
d. calculating the intensities of the reflectance and scattering at the maxima of the
microbial fluorescence from the intensities of the background-subtracted minima with
an appropriate algorithm; and
e. subtracting the calculated reflected and scattered signal intensities and measured

background signal intensities from the detected signal intensities of the excited

microbial fluorescence; and
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vi abl e bacteria by the magni tude of the detected fl uorescence signals from
whi ch background, reflectance, and scattering contributions have been
subtracted the ratios of which lie within physiological ranges iﬁ; B?e
method as set forth in Caim23, wherein the intrinsic m'crobia1z UG 20

f.l uorophores of said m crobes include one or nore of the group consisting of
fl avins, porphyrin-containing proteins, and other conponents excited in the
610-670 nm region. 25. The method as set forth in Caim23, wherein

secondary- exci tredg L6004 At thl F48 &ﬂﬂ@&&&tég[‘%&}&‘éaf&@%igﬁ%l%g%%ﬁéh the group

consisting of intrinsic conponents excite the 6 run region, and

the like. 26. -Bgﬁ(tgpﬁstnﬁ,qgﬂ& g,@hmc.%t")ferin gﬁtﬁhﬁli&pﬁa@%@énvguﬂggﬁeﬁﬁ%ﬁ{iha and
det ect’e

spores are on surfaces, 1nside paper envel opes, through paper, in

2oL on, oo ot AT PR Bl e A, e

t he spores and'n la are per envel opes and

the secondary- Qxgid et fl 61 B0} Akninld: 4PHRBNRLER A EioE b8l RimSiHiGST ons from

t he excited paper produc

background, reflectance, and scattering contributions have been subtracted the ratios
of which lie within physiological ranges.

24, The method as set forth in Claim 23, wherein the intrinsic microbial
fluorophores of said microbes include one or more of the group consisting of flavins,
porphyrin-containing proteins, and other components excited in the 610-670 nm
region.

25. The method as set forth in Claim 23, wherein secondary-excited microbial
fluorophores include one or more of the group consisting of intrinsic components
excited in the 610-680 nm region, and the like.

26. The method of Claim 23, wherein the non-viable bacteria and spores are
detected on surfaces, inside paper envelopes, through paper, in solution, and in
aerosols.

- 27. The method as set forth in Claim 23, wherein the spores and non-viable
bacteria are detected inside paper envelopes and the secondary-excited microbial

fluorophores are excited by emissions from the excited paper products.
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