WO 20071093043PCT/CA2007/00021t SYSTEM AND METHOD
OF DETECTING PATHOGENS Field of the Invention 10001)The present
invention relates to the field of detecting pathogens. In particular, it relates
wazsystem4and method for detecting, identifying, characterizingaaehe7/000211
surveilling pathogen and host markers, collecting and disseminating
informatign,geNGELNRONIPSE HRPROS RS- ARG RGN PIPstS i-Hektime to and

. recommendations and educational information. Background of the
Fne!ﬁ‘\?g
a complex process that ideally begins with the identification of the

[e00ghusathie agrntipatrsgenylatisoias fddnidadstibe entaasomplisbretdiar,
it refIFECHEX YRNAUAR ARG RN 820 ARRIARYAIE CHVGALSAGE M8 Rurveitting

However, direct examination is limited by the number of organisms
pathggesesith heshingikcth selreratpititsstisatasriifpvasihra¢paing those
patRatheoen el aitydnyitQculiweofdhe SHalogic agant dRREBAS fBviding
.__selection of ggggrr%priate cul(iur,e media as well as on the microbe's
S RGOt B R e TR B PR r?‘%lfﬁﬂ?é‘%‘ P PSstricted by

lengthy incubation periods and limited sensitivity, accuracy and specificity.

Bacjgoosmiieé shie Iisentiotture remains a feasible option, the identification and
differentiation of microorganisms has principally relied on microbial

jsoaBporphplagitionche evikaariahles whishnibesomednrsasisaresuficiepiotass
strain characterization.(j.e,.isoenzyme profiles, antibiotic susceptibilj
ot D R e o S B ™ G R e
tradditfialily, beespecimepisibee hptdioie ciedhatdhienappt opiikate Wifhen thepropriate
. d ion of infection is pften made retrospectively, if.at all .
clinfil SUAE) TGS QLD SIRNEASORREINE K, LR B of crmoms
presgrichaghiity g dhs eectiGrambbth sus prevel Bl eereentie vhtapthesrs. b bty in
vitrd REfr@DE AN IRAL BEA M BYRAHVBreSanLR ARalRISHAN BRI Gredia as

immunoassay (ElA)-based techniques, but these methods can also

welb&gg&mgao@gr%i{ﬁﬁgjoqs&ng%_1"§hq,\}{tjlity of pathogen culture is further
rest26168Y 1IOBRABR (aliEANPEAYNI A limited sensitivity, accuracy and specificity.

{0603} When in vitro culture remains a feasible option, the identification and
differentiation of microorganisms has principally relied on microbial morphology and
growth variables which, in some cases, are sufficient for strain characterization (i.e.
isoenzyme profiles, antibiotic susceptibility profiles, and chematographic analysis of fatty

acids).

[0004] If culture is difﬁéult, or specimens are not collected at the appropriate time,
the detection of infection is often made retrospectively, if at all, by demonstrating a
serum antibody response in the infected host. Antigen and antibody detection methods
have relied on developments in direct (DFA) and indirect (IFA) immunofluorescence
analysis and enzyme immunoassay (EIA)-based techniques, but these methods can also

possess limited sensitivity.
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100051These existing methods have several drawbacks. First, the
process can take several days to return results. In the case of highly
communicable and/or dangerous pathogens, confirmation of pathogen
teezmnayosaibe received until the host has already exposed athara pnhamzi1
passed beyond treatment. Second, the transportation of samples to

1oolBPOrataries. foretiuIa AONWRINCLEASES dNe HKOT HIOIShEYSNAS can take

misidentig/ing the samgle, or exposure of unprotected personnel to a

seexth R M ESRRG SRS hIy e SfrRtsi A oTe b T gERr iy e pdarergers
patiesienar eohiied: bRsed Mmothe syepasiahprihesarelisifonilrekOyathaready
observer (i.e. doctor), meaning that additjonal unsuspected pathagens. ar
S e T
labdiagmniesifois dhieure Ipontie lic@ased theeadk affindectio ysctlise asaidéaitying the
outbreak is suspected or detected, the existing response. is the. hundr
A S R S e
conpuirsakis ferthoigich Spisdbpiateratbetmetsess aﬁﬁ@lﬂ@ﬁég@bﬂﬁ@é,@@@ﬁ@%@@d
patipid: SRIGE NG AD BRSHIGIRRIS RES JaC N In LA HRCHRARRINS (DS.QMMed
means of preventing the uncontrolled spread of diSease. When infection is
pathogpsAEPeliesIsIas et St PfddRTogical grounds, or even based on
comparable disease presentation, healthy or unexposed individuals may
{00t qua@fiﬂimédta_l@lﬁg wiﬂthhnfeefedli:igddmisldalsthelevmd;ngetheira_hke_h@tizredcoﬁf
inf&(:)(p()t r%‘ IJQ stehelqlgg%% Pe%lﬁigosg ﬁe%ye%ngred%&%ya%[atﬂg %%}ééXélllQ%g% OIsathe
rapid confirmatory test for the patnogen in question would greatly reduce

hunHeedingé ypehold netethoiheuatdivgo Uiel erreredbielrediosedibratiketithorofor
whi@NBeHNg; the diseasas o sFuy nireted RerRona 1ARAIAUREHER: agnostic

quarantine remains a method of |ast resort for protecting public health,
tesetay darkifiby MG RIRO idBtiatadifosidy dREPERIY e BiTEFRPE dpfopRraRIolied
spriRPSMBEYaRCONhaNiAfEtibn RASiSptlae SRt BRedhysidanBoficasaliels,

The (Erot?#em stems ,]'o 1 the fact th{:\t.ma% ?t eases havﬂeﬁ/erx. sig‘r};illasrma
oF YAl A Bt e A AR R i T P R S A o PR S AR R RS EhE &8
be gutirantiugh glaiie ntlthaindbdtest dutividaldsj zlov SR Sidordochhvple p€annbrcting

the”&i?%@@Qsoé‘égné‘é@gsé_%c&;’cgqgﬁ%%%gseA(%Y]%Eﬂ‘%Q 159, AR ML RS for

fatal consequen ti-pathogen test which differentiates
- theciefigses Wiveitinmrpribarativ rdberehaiamaBrenhiragagptinayapdveould
theR86R ARIICH:e RiAfddd §8. MR ROPHORIOA3RET/i QRARARAhns.

[00081In contrast to reliance on morphological characteristics, pathogen

enotypic.and, proteomic traits generally provide reliable and quantifiable,.
0 R e LT P T A aF o B At
heaifloréders, imjerobial DNARIRKAITandss,. oxdasteebaicatiilyahryny i degatment,

occ?g gg MEORWihout e ReR:Aa rpayglﬁgﬁt@&fﬁéémiﬁé@wmm&m from

910n"a global scale, molecular techniques can be applied in a high
thefaes hrtonemi sisseran seroerm saHar stifje aressrignsSmibaeingtages of
infEigeRSAPRVAeRsSARd gt suAlhaloRPhBRRY Ohmaasdress RBor
identificatign of outbreaks. [00 OfPoint-of-c%[&e aaiagé]os.tic cgzéiées %PDDsi)th
EXRIE 88 e TERSHRETIEHa HuMBeF SRRy e iBuHE¥asen v
potendsallcases theseyasrayshué smmititpsihigmategrapiis diffgtentiatosidistaies
..strip tests designed to detect a,single i [ nt (e a
i R B TR R ORI
volume of blood or serum.
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loottiNone of these current assays has the capability to detect multiple
pathogens or simultaneously detect genomic and proteomic markers of
multiple pathogens. Similar limitations exist for other rapid diagnostic
assaysyodee almost all these tests rely on a single visual calonragierooozit
change for their readout, the opportunities to detect multiple pathogens

jooddfe sevarebyimpadediand.ag MaighiivptausepiRRRR AR ieddgpic

the detection of a single pathogen. Consequently, evaluating patients for

and, BratHeRN R GRS REP YEtifg 2Pl Ak BsstabIE RfRTBrRuon for the
detSCARENAISSHIR RASNIS RAMIEe AU SRN SEGHIMRD Oilt Ot aDel FO'BIN A0can

be performed, complicating clinical t, slowing. results and , .
be SiHEL A AR SR T TN PBDLEY Ror st ihat ard con

of themgiered essential requirements including: ease of performance, a
requirement for minimal training, the generation of unambiguous results,
oddigh sensitivityand.aRe cHigiitheanngialiemolSapR.aay FesdliShroughput

(preferably within minutes), relative low cost, and.no requiremeqr)l(t?g)r
maRg oY atiBRBIED AR Y HRRED Y E6t FRIRIDE 730 §Tafesnee and
distZDRN 930 3R6T (€ AR 100821k, 100 183n Semivnafmdespkie current

availability of excellent diagnostic reagents (e.g. antibody and nucleic acid

rooRfOPESHINALIECOONIZE SRACIHE LRSS 0N MR MICEPI A RATP ISR O

current strategies have inadequate performance characteristics. )
indizishmljofhsgaestiisersene McoRbEarrs BSOS HFcTBEHURRNCI R graphic
sinQE0pIGHYaS coakhlabaleshnantislas geRzyMas:thahiasiosyfisianeither a
sensitivity to be detected at the single molecule level. F%i thegl%ore t(fed
&H&P ood or

PathQBERPEIIIS BILSETNE HhiPHBedXISTPRR AL ey ek

serdRACroscopic calorimetric changes and are not well suited to the
simultaneous detection of multiple pathogens. 10041More recent

00 HVanGes D JPAIECUIAL dipglasliGs, 1 '&5&3%@%@@1&?&&@%9@@%@ or
with automated specimen processing, have addressed a number of the |

- simphARERERRY GFISaH RSNORUR ARSEDIRHETAISE B pd TR BN R g c atiBRilar
limASSYS e ibene ansaYSiRNiassiR slaniicamahiansedn detectigrely on a

. quantifying, and characterizj any microhes and currently represent. t
B R e SR e e e e
patimguiesefspathuy cmnpcttdveadahdhegerag sdysiaret St R mplessfricted to the

expensive.. and require specialize i at, creati .
e A A B Al AR BRI R i
agegnonticsidngrowuimé bkredtion soareyiesasgindle samteprsices siriple
conSRAESENRICAL COMINRNLE QNG SHARLY QLHRiINRE TREERISTAAGHHER!

capacity to simultaneously detect both antigenic targets for some
slowing sylis A digeiticaetts geraidisstitts. This limits the simultaneous
detection of preferred pathogen-specific targets and presents a barrier to
jeolly expimidj'ng’ﬂiﬁscdmpbetnmarywdmver@fmﬂﬁdgmdtt_agimti_ibc_m@]i&ements
inclRYRIE LIRS EAET NI ENAPIES RADRYEP HRIRENCR.HERITIRAY ﬁﬁ?n of

ti
characterization, as well as host characterization in a much more timely
unambigrensinesyiesibiatgseretiviis amt srerifinty s thenesnsyaiamoh tame dap ponlts
(pré!%?ﬂﬂjf“(v@ﬁm%ﬁﬂt@??,%&i@ﬂ?v@'@Jt@rwstp%ﬁ@%@?eﬁiﬂr&ﬂeﬂfi%ﬁ%g&ﬁt{&e or
c

caring physician or clinic in the context in which the device is used (i.e. for

spegigliz&tl i ioBrAGRUBRRFEurther, the system would also enable
simultaneous detection, identification and characterization of multiple
pathogens
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-4-74410-13 in a single sample whereby the pathogens are differentiated
by optical pathogen-specific profiles stored in a pre-existing database.
Summary of the Invention 10016alAccording to an aspect, there is

provicedamethod of detecting one or more pathogens, idenifyingsene @fo211
more pathogens, characterizing one or more pathogens or characterizing

roefspath oﬂﬁ%ﬂ%ﬁ%@&ﬁl@tmgﬁéggﬂfﬁrﬁﬁ?%Wé%él&qpﬁmm@agems (e.g.

collected from a host that potentially contains one or more target ~ =
antifefbc gk pughd st T dsmiphaintytpenise seestic tpdieE Bany daieiebial
palERdinoiste n.oh BroVidiag AcdetesionimeciumeCoORi@MAghce  characteristics.

pathogen-specific [ host marker identification complexes for respecti

. ve
Coguileti BrPtb i AEh S hiARSHs TREAANELT FatiByun Ssachrld-
lablehostparacker el entifiaati oimcorlip efbs aonypriiaqagicsdbedelsotah pigatadnide

respective pathogen-specific / ho rker.biorecagnition molecules. .
o G R R S R e T R e S ity
relfluone st dyes;oerapdim bietionsitheheogesuahdttat eash wkBaitited to the
sinhicioRRads R RlARERISRMIONE.Q more spectra as a first signal; a

detection complex forming step of combining said clinical sample with said

- detecg\%n medium and detection m%lﬁcul s, with both zaéd me PCR
9988 thog LHAERTEY AOLTFA RS TRFINEAt SRS B1e LA S5 tmme
coibinationithohecutascbeipgeadaptechtoshing Withesaitiitergdt malenhesdf the
._present in the. clinical sample, to generate detection S rej
i e e e
assgpertiaesenhast guidasigadiance ia dpjecing, refnbiidesdardisher proviamgpany
mi ISR LRIQILING A,3pREER iferrnsedalabese. AlpathegsnisReqHs Ghesk

marker reference spectra; an analysis step of: (i) flowing said

diagaestifh i Com PEREE. GhdERAERC fiF-idhees, et ghra ik roommiRe:
exphRnRe a0 G&;lase kheri U ehuibaicres ultn s ne clialtsig oalsarere tigdir

from_ different types of said detection complexes, with said resulting

POtERHALARP. ’i@aﬁlﬁg%@mﬁﬁ afrlfﬁugaid first signal, said second signal, or a
combination thereof; and (ii) analyzing said resulting spectral signals with

(0ot Hetechinglble merpinzarieamel 98| Braie RS TR SR P8T dequbitrfy Seaible

pro&ingRPREHALSI PR RLAOHS SHRG ARG I 3P HRNESAIGHERUKIAG current
spectral signals, into a translated optical code fqor each of said different

cangbs BRI EERP S IES O D SHIREYRALESTS IN S RLIBRE b Wi gonetic
targateRiivtheglementiniichharamdapiadddaniieledtporferirdirshb resppasac
to said resulting spectral si ;an majching each said translat
tar%e&ic%rid(rzgaﬁeseﬁl aagc%rﬁ%rsﬁ%?l%ll?g%(dééb al epg?%nc})g%nﬁ‘}g%%iﬁ’g ?ﬁrogifd both
strafegiker specific spectra in said spectral reference database to produce a
list of pathogens contained within the clinical sample, and a list of
mﬂﬁlt?Og@}D sResk cataasa&de&;avﬁ&hlgﬁamgglﬁdgf%gﬁﬁc&ﬁ@,aiﬂ@gti_mdt@h and
performing one or more of: detecting, identifying and characterizin
chAEEIRHE Pt BRI h AL (A HrARapcks,maner than
exip@ibegehsdandetstd)xomibrisiys dhevstadsaipay prepduslmgpathogen selection
arker-detection medium ¢ ini jgnat identit .
Pl O D SRR S S O 1 I M coment
whiebrthe dryite ¢ venthbisirfgrtheresaing fer Witsnemsim AL dhe susermwdilidrlso
end®dhh aRalyERGtheRiaNalkes JRige aRl JdeRiby ARk SRarAGIspke HIRogens

pathogens, and optionaﬂy, characterize the host.
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(0018(Preferably, the sample collected is a blood sample, although
plasma, serum, cerebral spinal fluid (CSF), bronchioalveolar lavage (BAL),
nisopharyngeal (NP) swab, NP aspirate, sputum and other types of '
samples can also be used, and the marker detection system is a
pathogen-detection medium preferably comprising microbeads conjugated
to biorecognition molecules (BRMs) and the microbeads are injected with
quantum doéts or a similar fluorescent particle or compound. Also
preferably; each of the microbeads contains a unique combination of
quantum dots to provide a unique optical barcode associated with each
microbead for detecting unique pathogen-specific and / or host-specific
Signaingéssaifit SdiRretyr dislpathegarndysid Stepriandprisestithi marttatgeg-thecific
Cr%'_g ¢ gsesqgfgﬁtglo reeqe%q}%edy%tb@&]aser as it.flows through-a microfluidic
annel’ and collecting the resulting spectra with a :
spectrophotometer/CCD camera, photomultiplier tube and/or a collection
W BERTCHE phbtseRie8tors (APDs). Frh spectrum correlates with a
previously assigned pathogen. 10020_1Qf§tionallx, the method may includeh )
APBHating ATSEBENBEE GHREFACHSH SN HAkEF S5 S EMTREITR LalPiigst e
samifieasparroftanhiysis Stoprd)zt0o2tTORtHalYS thehaetpiei fiayhogen host
incdusianvadditionalstepe)ef prowding.adisiot teatmentoptionsbased or more
onthedishel Rathogens genemiedJe.analysis step d). 1002210ptionally,

the method may also include step O of correlating geographic location
informatigershaish witiihe fisdwlinathegen prednst MackerbeenLialed Miaining
analysis step.d) via a GPS Iocaéor.%OOZ?alPrefe ably, the method further
FAItRSE: SR Stitlonet ST P TPANSAT GO BRATEFALIg wivetesdys, defretion of
listiofgeathegeinmarkeessandsainl dist ghliogkidgniiies NMarkersmadisaidfication
sodiaphiclocation data toia remole. database as well as ransmiting
O A S T R T oA O RS Y S 2 AR TS fif ot marker
Gevicwghitioh bedppiecifidiMbjat thé stbpsiof thelprotassiamicaobeads contains
Jesesariyeontiistedie iR ererilsth Attt ORALENC ethOR IRele (g
includes detection af pathogeh-conjugated microbeads in a flow stream
Brspreitred by ederiedkorratic Biclydnoty maaiie Sondastsiaala microfluidic
channel. As the barcoded beads pass a laser beam at one end of the
channel, dbecsipacitanpinitieniyd heeq uanibmbdois Wildin hr deadséasith said
rt of the barcode), or outside the beads art of a. bead-pathoge
B B e e A TR R R s oo / bost
tdesoribddnbflan)mrenpitactendyaal soctiometée/CIEDbeamedapsydstenind with

phetamultiplifr e Andior A callechian 4T ARRS a0 ARAZ8d B o0n complexes,
- a;ﬁpro_prlate software.” ] _
wherein each of said detection molecules is further adapted to emit one or more spectra

as a second signal;

a spectral reference database providing step of providing a spectral reference

database of pathogen-specific / host marker reference spectra;

an analysis step of: (1) flowing said detection complexes, under influence of flow
forces, through a microfluidic channel and ar laser beam, such that resulting spectral
signals are emitted from different types of said detection complexes, with said resulting
spectral signals comprising said first signal, saild second signal, or a combination thereof:
and (i1} analyzing said resulting spectral signals with a detection element in a handheld
diagnostic device by: (a) detecting said resulting spectral signals; (b) collecting and
translating said resulting spectral signals, into a translated optical code for each of said

different types of detection complexes, using solid state photodetectors of said detection
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100251Also disclosed is a method of detecting one or more pathogens,
identifying one or more pathogens, characterizing one or more pathogens
and/or characterizing a pathogen host. The method is for use with a
clinical sample collected from a host that potentially contains one or more
target molecules. The method includes a detection medium providing
step, a detection complex forming step, a spectral reference database

" 0 alvsi . . di covidin _
e S oo Py

- sveliadedr(emifbiagonaborrig|resdisd epsisabode deibaiopretpeniiogens of
2B BRBL AR T NG RARRIPN-SRAE G4 ROS MadRL M MHIGRHON 2tabase 10

complexes preferably include microbeads conjugated to respective
pERfissentishetrrthe Benst soripRsdoNsFEs g RIBHCAY Srevtife SB RIS o Erithosen /
thrcnisrahsags preferably contains quantum dots, fluorescent dyes, or
Combinations thereof, such that each of the microbeads is adapted to

@ml,t]_one h m&rglgspg%traamaea gdflrtst signal. In the detection complex

orming s ef)? & chnical sa?npf)e is combined with the detection medium

pasebineng eteetivnmmotect| elsteRing, thiepiinog endspheifitetanst palikgens and
i ificat] . [ S adapted to bind
Uzatetion o esendiliedaizdlion matcis a%?hfg%,eﬁ%rpg 3 the

with the target cules if present in the clinical sample,

Taeefion corppiages nRskh-of g efeadivhn sroletunsssignairive oddhptdentity
A IRUERRS A S ARGSIER AMDFEEU RG] rbgfz%;%gfﬁﬁgai‘ LIS R SEm &

database [é[o_viding step, a spectral reference database
heshrogembpigribe suspinanth he mmkeieisctommedivayiandid) raumbyzing the
saaliEls stanethecdaiagtion cRmplexss arpiaveads uadenifieycerallow .
forces, preferably through a microfluidic channel and pre?erably througha

Lﬁ"&g,’(gﬁtbeam, such that resulting spectral signals are emitted from different
types of the detection complexes. The resulting spectral signals include
1adisifirst digpierbtilye hecondkignitctddscabibibtimmpiheritiafogh taesmaalysinm,

‘ t ] ctral si r ith 8 detection ent
G Honp S el e A e
Nd\araisteh SEeEE iy et AyRiatigsamr ks ainglsospe cirel siapvhibeimerier
d&@mﬁt%@ﬁ;iqglac%%gggﬁas{a&foﬂﬂ@n@ﬁfﬁ%}éwt% 00 microbeads
complexes, preferably using solid state photodetectors of the detection
comueatid Wh‘?é?f%%&ﬁt&@%‘éﬁﬁi&%ﬁe@gbﬂ%%%i@&?@%n@é faigsted with .

quasuiiidgisoeatsahiiglsicsnd(phiatchiogheran Bl MHABRIALEE: of the

_optical.code with a corresponding one.of the pathogen-specific / host - _
RIS O SOl O SRR S AR S A Bt e B HotRigeatical

balietdsf #xad&h@ﬁi’lwidﬁ) etainedoveibbid the ditnitapsamptepanthenligiedffic and / or
hRethogen /.h%%rcharacteristics._ 100261According to one embodiment, the
h 8‘?‘: si S, )

me mal pre?erably be for use with a blood sample, a plasma sample,

CSF (Cerebrospinal Fluid), a serum sample, BAL (Bronchoalveolar
198 age) PRETRYAS bR AYHY B S ABBPTRES AUpRite e svieebeadhpathtigen
sarGNiGALS TRle od ORI BEUEINONR ATRBR' amBadieRldh Sald Slale

tectors may preferably include a collection of Avalanche -

hotod _
PSR B R IO RETAEE G B TR R ERRRI S G 8 o colection
of cotikmitha phéwataenbs RAODeteBats spaytmrelesablithe *HRNIGHously
series. ﬂ1T00291According to yet another embodiment, each of the
assi Cﬁ?l %E?n. . . . .
IcrobeadS may preferably contain a uniqgue combination of the quantum

dots, preferably based on color and/or intensity of the quantum dots, and
lwﬁﬂeferaﬁﬁﬁf&&@;‘n@%ﬂem Y iRcRige qrredncing th disiref Baghshdmctsaichtion

mmmaﬁﬂa-m/hh&%amﬁé(gdﬁgﬁ@ff&ﬁﬁ%ﬁ aemplexes.

100301According to another embodiment, the
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detection complexes may preferably identify the pathogen / host
characteristics, preferably by the resulting spectral signals, and preferably
in the form of the combination of the first signal and the second signal
emitted by the detection molecules. 100311 According to another
embodiment, at least one of the detection molecules may preferably
include a fluorophore, preferably to emit the second signal.
100321According to another embodiment, the fluorophore may preferably
be conjugated to an anti-human IgG molecule, an anti-human IgM
molecule, an anti-pathogen / host marker detection antibody, and/or an

dgdhuclebptiorsdigutnoesth@D 81 cbulelingddiveraiserpenbptivngingia list of -

' i ' ' referably
R e e B el

SCha.rge-cou led Device) system, a photomultiplier tubeﬁ,] or a combination

AlALof. 163REAbL oA MBS B BSHTR TP tHedhfAGHiatEe 2eographic
~ thatioebfanptistedaklwitcludRsaoP Gz épalydiivie thylsdex@nehedsh analysis

c%%g[‘;el whggp%ij, preferably, plasma treated and/or bound to a glass slide.
i YRE %c%oﬁnother embodiment, the flow forces may preferably

be electrolcinetic and/or hydrodynamic forces. 100361According to

Bftther efibtuipnthamectpdcivabeafarbiics anedpiseandsppebidrabiphisting,
H%&@QPWEP&@F{Q)E%Q RGNS ORI Cor 00 3AACRA I BBHAARNNEET markers

embodiment, the .
and said geographic location data to a remote database as well as transmitting treatment
and educational information from the database to the filed device. It will be appreciated

that the steps of the ﬁrocess are not necessarily conducted in the specified order.

10024} The method further includes detection of pamogen-cbnjugated microbeads in
a flow stream propelled by electrokinetic or hydrodynamfc flow through a micréﬂuidic
channel. As the barcoded beads pass a laser beam at one end c;f the channel, the spectra
emitted by the quantum dots within the beads, (as part of the barcode), or outside the
beads (as part of a bead-pathogen complex detection mechanism, which may include
ﬂuorqphores as described below) are collected by a speciromete;r/CCD camera system,

photomultiplier tube and/or a collection of APDs and analyzed by appropriate software,

10025) Also disclosed is a method of detecting one or

more pathogens, identifying one or more pathogcns, characterizing one or more
_ pathogens and/or charactefizing a pathogcn host. 'The metﬁod is for use with a clinical
sample collected from a bost that potentially contains one or more target' molecules. The
method includes a detection medium providing step, a detection complex forming step, a
spectral reference database providing step, and an analysis step. In the d.etection. medium
providing step, a detection medium is prov‘idedpwhich contains pathogen-specific / host
marker identification complexes for respective detection of pathogens and host markers.
The pétlmgcn—speciﬁc / bhost marker identification complexes preferably include
microbeads conjugated to respective pathogen-specific / host marker biorecognition
molecﬁics (BRMs). Each of the microbeads preferably contains quantum dots,

fluorescent dves, or combinations thereof, such that each of the microbeads is adapted to
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method may preferably also include a geographic location collection step.

of collecting geographic-location data, preferably from the diagnostic

device, and preferably for at least one of the pathogens and/or the host.
[00381According to another embodiment, the geographic location data

may preferably be collected via a UPS-enabled (Global Positioning

System) element that is, preferably, within the diagnostic device.
[0039)According to another embodiment, the method may preferably also
include a geographic location determining step, a remote database
REAVIRING:Sieste AAERRSISSI GRS @MANd/0Ma RELRIPRSIERATS rig step, the
%eographlc location dptermlnlnaastep, geographic location data is

refét B Rie dsr RSt ity st e TEE R PrshdherdemEtion aolecules.
Bedstianphdpenpphesensiasdiantne hnskifaie resHPR.A3tahaste detection

roviding step, a remaqte database is provided, preferably at a location that
R i R e s BT e B i el ol
tstgmethe stwiipatbagprsconfuidedi withikitedoinicktarmpleutiner liskpkd to
Cprg{h%)g%n/host characteristics and/Tr }h%hg%o&%%hi location data is . .

wire essfynt]%%ss%cffreadf’sp?es%f)e{%glﬁf%a he'remote datab et R IeRstisine
st 3, Yz tist efpathe getbaentfijpdtpvtkipethicdlimsahsdrapietthe-tispata is

pa oge st characteristics, l/or t hig location data,,for
P eac afo?gé%%dgﬂ%iﬁgﬁ %%Fdrﬁ%é%%%@éc Oerg%c%%%%al%ediﬁfg“ﬁeo tlllél%eé\}féﬂeuicg ce of

figreforatsly pedeinlld, duitagbdamdroribigiepratbrald pinftble thategh a Taser
bgeﬁam%&&%ﬁiéﬁugd%esggnuﬂg d}é%%’i?&?@%fﬁ&?ﬂ%%&é&%tﬁ?gﬁﬁ?gﬁ ction

preferably also in nal step of providing a

COpHSHRES- plferemiling spertinl tignalt BEhdebe dirg sisnedinkuisasionihsibeal, or 2
coHBisR SRR 1 A4RIARSRIGINGID AtharsmbBedinen e deleslion wi,

medium may preferablgBontain at least three aforesaid identification )
2 ifsieRedemaeh BretePantiprlt diagraitis JPutRFeofstingethe resulting
speatiabgamsiand(ey theibasignathensnsking 2hA ceorming tpanetheenals, into a

d lexes may preferably be for detection

T PREGEN T B b L eTO0Pes AL LB MGG MRAES, Beterably

usgnp boliinsiat; thisoiddakificatiost abenpteseismelymesforably be fafgei®ebamit
~Hepatitis B, Hepatitis C., malaria and/gr Dengue virus. :
e Cha s P P e T S v o

: cording to another-aspec
af@;@'gé@w@lat%ggﬁggliqmiﬁyiﬁga corresponding one of the pathogen-specific / host -

marker specific specira in the spectral reference database to produce a list of pathogens

contained within the clinical sample, and a list of pathogen / host characteristics.

[0026] According to one embodiment, the

method may preferably be for use with a blood sample, a plasma sample, CSF
(Ccrebroépina] Fluid), a serum sample, BAL (Bronchoalveclar lavage), NP
(nasopharyngeal) swabs, NP aspirates, and/or sputum as the clinical sample.

" j0027] According to another embodiment, the
solid state photodetectors may preferably include a collection of Avalanche

Photodetectors.

j0028) According to yet another embodiment, the
collection of Avalanche Photodetectors may preferably be arranged in series.



pathogens, characterizing pathogens or characterizing pathogen hosts,
said system being for use with a clinical sample collected from a host that
potentially contains one or more target molecules, and being for use with
detection molecules adapted to bind with said target molecules if present
in the clinical sample and emit one or more spectra as a second signal,
said system comprising: a) a detection medium containing
pathogen-specific / host marker identification complexes for respective
detection of pathogens and host markers, wherein said pathogen-specific
I host marker identification complexes comprise microbeads conjugated to _
regpgctivecpathoevapecifie thostimatikesdniorasogniisn olesUbeSerably contain a unique
(BRMs), and wherein each of said microbeads contains quantum dots,
flisoradewion @Y BrESM BRSNS RS QORI YER GRERi@T the quantum dots,
migoperdsis hdapietbtodmitone epantore spectiaasigBisbsigualoivith pathogen-
said detection medium aperative o he.combined with the clinical sample
ant with said detection molecules, with said pathogen-specific / host
marker identification complexes adapted to bind with said target
molecules if present in the clinical sample, such that said
Rahrgenspanific/hostrearkeamnidantication complexes, said detection
molecules, and said target molecules for,fr];, detection complexes; h)a . .

|) pﬁgﬁbr Eﬁ?ﬁ TSEICs,

HiSISHT SRABHRSSHC BaYie RaRRing e Y i) B REr ARG
qpetaiiie 19 thivesihgdeiesiiansionp)ane srafsinig flovitie foas, dhiaUg@ndination

TILCTE S R

complexes, with said resulting spectral signals including said first signal,

4808 lse cHitardinghiglaesrhe comheAatbritErEYT and ii) a detection

eleme s Ak PRLAlNE I I8 I8GLBRIGHESING RREMEL SIHORISHANT emit the
having solid state photodetectors adapted to collect and translate said

FES ﬁgggi)‘ectral signals, by emission of electrons in direct response to

said resulting spectral signals, into a translated optical-code for each of

smintidiffacentitypes.efbatectiatineomplexes; and  c) a spectral
rence databa f pathogen- ific / e spegtr
e R B DR B A B RIS AP E B
&) obskietisatragemispetifige hdshmbrieikpedftedpectantibedid and/or an
SheSHRIGigEanckHadabase to generate a list of pathogens contained .
within the clinical sample, and a list of pathogen / host characteristics.
100441Also disclosed is a %%Eergn fmc mponentswhich is capable of
B0 tirfef SRy B R BBV & Methods. 100451Also disclosed is a system
- fonldstegtingapalyxigedshid esstififingspathage gesls haap qherizisig yp dthadktisnally
angd/or racterizi thogen,hosts,. T s for ith.a clinical

e A R DTS s BRI, &
pholeroulpliarttebsy stermdmbisasiforthggwivith detection molecules adapted

to bind with the target molecules if present in the clinical sample and emit

0B} O MQLS-SREGIIAARa Saraneksighal. The system includes a detection

. medium,, a handheld diagnostic device, and tral reference database

Bl BB P o BT EFGHine ROV PP B e st
deciil whiciniai peefiatbbg eirspenificeihodlontanket icdenfifisatida. complexes - -
for respective detection of pathogens and host markers. The '

I%QPOgeﬂéggggjg@Olalﬂgtggma,ﬁ@grnig@ﬂgtjﬁcation complexes preferably
include microbeads conjugated to respective pathogen-specific / host

AawdfesrssirachigfitainRe eleciokinsiaving o hefred i ériseads
preferably contains quantum dots, fluorescent dyes, or combinations
[¢basteof, Serstidinaterehefaneofiitidbeads is adapted to emit one or more
r first. signal. The detecti umi i .
B A R g S o D B B evice
pathogen-specific / host marker identification complexes are adapted to
bind with the target molecules if present in the clinical sample, such that
thi pathogen-specific / host marker: id€ntification complexes, the detection
molecules, and the target molecules form detection complexes. The

handheld diagnostic device preferably includes a microfluidic platform and
A AdAetectinn element The naicrofhindie nlatform iec onarativie to drivve the



illuminated region in a microfluidic channel, such that resulting spectral
signals are emitted from different types of the detection complexes. The
resulting spectral signals include the first signal, the second signal, or a
combination thereof. The detection element is operative to detect the
resulting spectral signals. The detection element preferably has solid state
photodetectors adapted to collect and translate the resulting spectral
signals, by emission of electrons in direct response to the resulting
spectral signals, into a translated optical code for each of the different
types of detection complexes. The spectral reference database is
dp&rative tamatiizcashaforesaid transhated optical code with a
GREESPRGIGEANR.A Uhes BALIRASnSREAIA ROShIMARLARSAIS SPeSliRing -
in the spectral referénce database, 1o generate a list o pathoge S -

SSREATREY InestirtéatinReafesaithp lEomribeadiagnopiridrodren #ridopteferably for at
chRraskebsicS UM EL Arperding de one embodiment, at least one of the

microbeads may preferably contain quantum dots to provide the first

E‘?ggéi]l The,sysiem may.preferably e for use with a blood sample, a
as

a sample, CSF (Cerebrospinal Fluid), a serum sample, a BAL
Begragtniaestion adagelna NPefaabbpharyoieatdiswiaba a0PR-aspikate(Global
g, clinic e. [00471According to -
' anothélr egrﬁg%%?lrfear%m é%atgﬁﬁ %?%ﬁé%ﬁ%&?éﬁ%énﬁ%y%%}%% f?vé%ehtajn a
unique con;&binaéion of th?)guantum dots, preferably for emission of a

Gl spechU K tHE RSt EGRaITEY5eh of said pathogen-specific /
hesgionankeridentibBating suRElexeseoLRRARINEEMHINSIRANAINSE, a remote

ggpatgodiment; the system may. preferably be for use with a signal

R SRS HIRIE UFE: BrifarabRIaR S PoANIRIchiGFRIIB S PoNE Hreyggographic
Weteiotioderaottsinie stephesignphie heralingdnelec el erierabl¥d for the

jvel it t ignal.,100491 ding t '
e A R e el e e, 1

-'Ipr@f@rabtytas:tp@sighgl gemeratmgtmdietate, isIN05HEA gpefetitgytat a location
BReLembadiment, the syStam MayRreistehly ?1? J%rz}’a%‘ém"‘l’s'tshoﬁrs‘ the list
anti-human 1gG molecule, an anti-human IgM molecule, an antll-paﬁ%gen

9haatheescecaerigdn afiBody; aitstlarrsiRionthiedtiobamsce, / host
eeierahiceoniuaRer -da ferRihess d4A05 LWiAsSerd k@&é&ﬁ@g}%‘?&emly,

tg(r&%bodiment, the solid state photodetectors may preferably include'a

g(t’ﬁ%lﬁt&dﬂt@?ﬁaﬁcﬁ% $ﬁ6?8%8%1ﬁ@? the list 6f pathogens contained within the

clinical sample, the list of pathogen / host characteristics, and/or the geographic location
data, for each aforesaid transmission step of each aforesaid diagnostic device is

preferably received, collated and/or stored, preferably in the remote database.

{0040} ‘According to another embodiment, the
method may preferably also include an additional step of providing a list of treatment
options, preferably based on the list of pathogens contained within the clinical sample.

[6041] According to another embodiment, the
detection medium may preferably contain at least three aforesaid identification
complexes, each preferably for detection of a different one of the pathogens and/or the

host markers.



/0052]According to another embodiment, the collection of Avalanche
Photodetectors may preferably be arranged in series. 00531According to
another embodiment, the detection element may preferably includea
spectrometer/CCD (Charge-coupled Device) system, a photomultiplier
tube, or a combination thereof, preferably for additional analysis of the .
resulting spectral signals. 100541According to another embodiment, the
diagnostic device may preferably be operative to display a list of treatment
options, preferably based on the list of pathogens generated.
101)551According to another embodiment, the system may preferably

alsojpelude alasgrirefershb: apssatvaamiluminate the laser-illuminated
region in the microfluidic channel. 10%!56]Accord|ng to another

emdéentieatiomeomalersuniy. erdpmalnbayipraierstnnin|dte alfpaigs B and/or
polyggﬁﬁgpyﬂsloxane) cast channel which is, preferably, plasma treated
and/or bound to a glass slide. /00571According to another embodiment,

the f(l}g‘ﬁi orceg, gpggﬂpg%%%g Y, Qﬁb%lﬁgggtkd%eﬂc and/or hydrodynamic

force-"1 00581 Accor ing to another embodiment, the detection element
maydentifaraily nclphees filtar pRifefebhbbe, fivedfittetiin apdiaty@lépatitis B, Hepatitis

C, malaria and/or Dengue virus.

{6643a] According to another aspect, there is provided a system for detecting pathogens, identifying
pathogens, characterizing pathogens or characterizing pathogen hosts, said system being for use with a
clinical sample collected from a host that potentially contains one or more target molecules, and being for
use with detection molecules adapted to bind with said target molecules if present in the clinical sample and

emit one or more spectra as a second signal, said system comprising:

a) a detection medium containing pathogen-specific / host marker identification
complexes for respective detection of pathogens and host markers, wherein said
pathogen-specific */ host marker identification complexes comprise microbeads

- conjugated to- respective pathogen-specific / host marker biorecognition molecules
(BRMs), and wherein each of said micrbbeads contains quantumn dots, fluorescent dyes,
or combinations thereof, such that each of said microbeads is adaptéd to emit one or more
spectra as a first signal, with said detection medium operative to be combined with the
clinical sample and with said detection molecules, with said 'paﬂmogf:naspeciﬁc / host
marker identification complexes adapted to bind with said target molecules if present in

the clinical sample, such that said pathogen-specific / host marker identification

complexes, said detection molecules, and said target molecules form detection

complexes;
b) a handheld diagnostic device, including:

i) 2 microfluidic platform that is operative to drive the detection
complexes, using flow forces, through a laser-illuminated region in a microfluidic
channel, such that resulting spectral signals are emitted from different types of
said detection complexes, with said resulting spectral signals including said first

signal, said second signal, or a combination thereof: and

-10-



direct the resulting spectral signals to the solid state photodetectors, to a
spectrometer, to a photomultiplier tithe, and/or to a combination thereof.
100591According to another embodiment, the spectral reference
database may preferably be on-board the diagnostic device.
100601According to another embodiment, the system may preferably also
include a remote database and/or a connection, preferably on the

diagnostic H&AKEHIIBEiERRAENe IS RRTTRNEa MO MG A3 emdting spectral

databigsels Prederably, dheiremope dsdabases cantain SOIRe PR IRiNdate said

different pathogens and/qr data cancerning pathogen / host ]
char%ﬁ?ﬂi 'c?ef@@éf@&@o@in‘ﬁ”r’ésé‘ﬁbﬁ?e?%ﬁB%iﬁ&ﬂf??ﬁé%ﬁ%ct%ﬁmd

may peefitigblyebiespsipvidedihy a winsless eatoih vndeai@ RSV different

100 21Ac?%£:(gég§0tnq C%erlloﬁher emgodlment, the connection may. preferably

inclu ezfl(fransm_ls.smn é?é:r}%eéh%?preferably operative to transmit the list of

pathogens and/or the list of pathogen / host characteristics, preferably to

the @nfofectrlbaiecagodaabree oriprabreemernpefien Hugimeakeahesference
spleaaupian R piciPLaBhE RRIAlY faavOmAliall WElbonding one of
atl e

transmission to the remote database, preferably upon generation of

sl A RSTRRRSHC ARATL PATEC SPe BatREYENY FdcrrriFalciefatenss database to

geddRGALACOIsliNgdemaBaihatarahadimentithel dagResisaeyige fMahogen /
hogrggr%abl also include a GPS (Global Positioning System) locator
elemeﬁ't? Cl"ti)‘rably to provide geographic location data, preferably

associated with the clinical sarpgle. 100?51Accordin 1q another _ '
0% bodifBRE IS LY ST IRy prefERAbN also inclué\g1 Eﬁ(?\b%%\at%alb}aqgﬁ?é?ﬁ‘ftg’g any of the

biemele gdatabase, a wireless transmission element, and a wireless
reception element The locator element may preferably be operative to

meﬁ’sfftermiﬁ?s g&ggg@gﬁgcalgﬁ%@n data, preferably for the

for détecting pathogens, identifying pathogens, characterizing pathogens and/or
characterizing pathogén hosts. The system is for use with a glinica] sample collected
from a host that potentialfgl contains one or more target molecules. The system is also for
use with detection molecules adapted to bind with the target molecules if present in the
clinical sample and emit one or more specira as a second signal. T}ie system includes a
detection medium, a handheld diagnostic device, and 2 spectral reference database of
pathogen-specific / host marker reference spectra. The detection medium contains
pathogen—séeciﬁc / host marker identification complexes for respective detection of
pathogens and host markers. The pathogenjspeciﬁc / host marker identification
complexes preferably include microbeads conjugated to respective pathogen-specific /
host marker biorecognition molecules (BRMs). Each of the microbeads preferably
contains quantum dots, fluorescent dyes, or combinations thereof, such that each of the
microbeads is adapted to emit one or more spectra as a ﬁrsi signal. The detécﬁon
medium is operative to be combined with the clinical samp_le and with the detection
molecules. The pathogen-specific / host marker identification complexes are adapted to
bind with the target molecules if present in the clinical sample, such that the pathogen-
specific / host marker identification complexes, the detection molecules, and the target
molecules form detection complcxc-s. The handheld diagnostic device preferably
includes a microfluidic platform and a detection element. The microfluidic platform is -

aperative to drive the detection complexes, using flow forces, preferably through a laser-

-10a-



diagnostic device and, preferably, for at least one of the pathogens and/or
the host. The remote database may preferably be provided at a location
geographically remote from the diagnostic device. The wireless
transmission element may preferably be operative to wirelessly transmit,
preferably to the remote database, the data concerning pathogens
contained within'the clinical sample, the data concerning pathogen / host
characteristics, and/or the geographic location data. The wireless
reception element may preferably be operative to receive, collate and/or
store, preferably in the remote database, the data concerning pathogens .

contained; within, the £linicaksampig-thridsia-ancasingRaihegen 4Besk are
characteristics, and/or the geographic location data,_ preferably for each

wirised Somndifissib B nsrIb b REFEHOR SRR FEs A E TR SRIETR. ignals

109681 Agcarding fqanathat srnbodianest, dhaiakatacelgmest MAe detection
preferably include a GPS (Global Positionin %yslenl) Iocg;gr eler{lent,1 ent
slemsribly ppdeidenimhaaRe Jhogre ?@l&@%%ﬁ FEPR 008K A ETHI, H5™

anathayemhodifyeatidhshideniicationieprmiplexedienayndreterdity the resulting
provided as one or more lyophijlized awdcﬁ%sc. [Q&V%%ggr%iqgetoeg&%ther
SR TER SRNS R FIERRPABrclccle o

Iy Include n tlve_, recom manPgnsgngaj
sithetimpathagesasdl/opthasteegectlic amtibofliés adiffoerintigenritiortion

oligonucleotides complementary tq pathog t S ecai
ﬁﬂ%P StHr a EmBiTATion %%reer%%f. lgsgc rgi!r%e?o?‘gn%%?g et aforosmid

| emblacdimepticiheodetetfioncosshomding it efellzonibosrairpet fashestaaarker
aforesaid identif iC%tlié)r%ﬁe%ml?%ﬁ%%}ﬁgcﬁama{&lyg@e%&egtm Qkpathogens

different Bne of the pathogens and/or the host markers. 100701According

tormaiotideridihibd irisival teaeplio rafdaatio e CerheRsRd IPRLSPHASIEREBSF be for

detection of HIV, Hepatitis B and/or Hepatitis C. ' 100711According to
giher embegimens diheidediifioatiancssmplexes may preferably be for

detection Of MY saricRaltis B Hspalis, G malaria A8 RIRMG S signal
The system may preferably be for use with a blood sample, a plasma sample, CSF
(Cerebrospinal Fluid), a serum sample, a BAL (Bfonchoalveolaf lavage), a NP

(nasopharyngeal) swab, a NP aspirate, and/or a sputur sample as the clinical sample.

[6047] According to another embodiment, each of
the microbeads may preferably contain a unique combination of the quantum dots,

preferably for emission of a uniqﬁe spectrum as the first signal for each of said pathogen-

specific / host marker identification complexes.

10048} According to another embodiment, the |
system may preferably be for use with a signal generating molecule, preferably as a

constituent of at least one of the detection molecules. The signal generating molecule

may preferably operatively emit the second signal.

10049} According to another embodiment, the
system may preferably be for use with a fluorophore, preferably as the signal generating

molecule,

-11-



100721According to another embodiment, the system may preferably be
for use with a lyophilized powder, preferably as at least one of the
detection molecules. 100731The advantages of the present disclosure
include a vast reduction in the amount of time necessary to identify
pathogens in a patient sample, compared with most methods currently in
use, as well as the ability to provide rapid on-site information concerning
treatment and quarantine measures for any identified pathogens. Another
advantage is the ability to collect patient and pathogen data in a global
database and mine the information contained in this database to produce

and trackin vakipusespathogens and their hosts,
E&ﬂf )y {B‘iﬁcﬁHéPén d

CCQT 13
|nformat|on ay be used for surveillance, research, therapeutic

desigm, randipotfreebiy) hm&egsqmm@mfehwﬂﬂ%@em&mgwimm igM
feridEeR of iR %a%geg@%@@%mﬂ'&%W&a,}hgﬁﬁ&%%gbmamde

art from the following detailed description thereof, taken in conjunc

VRO eRes aRieTRb ISR erEd In g f@ﬁ’é?@@%nptlon of the Drawings
100751The invention will now be described in more detail, by way of
qmmple onlysondthy nefereheetddienaccdmpanying drawings, in which like

ers refer to lijke elements, wherein: Figure I is 2 flow chart d azkn
te sefitgéeo éf (i ﬁcttﬁ55|ni\rllg¥ltl\?éerﬁlélﬂ6 %ﬁf osed hetyglnp‘algure |sac'1§1m che
lﬁ’lbmbdé:agmm for a pathogen detection device; and Figure 3 is a block
diagram of multiple devices communicating with a central database.

Pis5ief209 W08 d:3AAMR bh2003:3,0120 4 . 200

collection of Avalanche Phetodetectors mziy preferably be arranged in series.

- [oes3] Aécording to another embodiment, the
detection element may preferably include a spectrometer/CCD (Charge-coupled Device)

system, a photomizltiplicr tube, or a combination thereof, preferably for additional

analysis of the resultiné spectral signals.

{0054} According to another embodiment, the
diagnostic device may preferably be operative to display a list of treatment options,

preferably based on the list of pathogens generated.

j0055] According'to another embodiment, the

system may preferably also include a laser, preferably operative to illuminate the lases-

illuminated region in the microfluidic channel. |

[0056] According to ariother embodiment, the
microfluidic channel may preferably include a PDMS (polydimethylsiloxane) cast

channel which is, preferably, plasma treated and/or bound to a glass slide.

|0057} According to another embodiment, the

flow forces may preferably be electrokinetic and/or hydrodynamic forces.

j6858] According to another embodiment, the

detection element may preferably include a filter. Preferably, the filter is operative to

-12-



Detailed Description of the Preferred Embodiments [0076]Referring now
to Figure 1, the present inventive method is described by a series of steps
set out in a flowchart. 100771The first step 12 is to collect a sample from a
host (e.g. a human, animal or 5 environmental sample), preferably a
blood sample, although plasma samples, serum samples, CSF, BAL, NP
aspirates, NP swabs, sputum and other types of physical samples can be
used, as appropriate. This sample is then analyzed 14 and a list of
pathogens identified in the sample is generated 16. A GPS receiver 22
determines the location of the sample reader and thus, the sample. The
list of identified pathogens and the location 10 information are both sent

Redoi cenltblgdpaiaseifasistordgsdispropbssidg:ddeanyhilgedrlislal, 1o
d on the identified pathogens,

treatme tigns is displayed at,18, ba
%Br the 8%&% (()%rungecdmng(gre?r‘(}/a |8%WEB}6%%Fﬁr§%halysis 14 is performed by a

pathogen detection device 30 as shown in Figure 2. This device 30 is

1196} table, prefstisiPraslcnenPodiirHadsn outlet 32 for 15 receiving a
spamileanda display. 300 shoMih e dishebdetariad Hahraghgwithin the

sample. An input device 38, such as a keyboard, is also provided to

| {}S%gble screlingand Menwing-ebihedisplay and input of additional
nformation (field notes, etc.). Pathogens in a sample are identified based

[

swtemateh mgfahbhediaitelpde doushtstatat dataltorespanging ioetasly on
a en.supported by the device. The spectra database may be an 20 °

iHR2tho

RS RRRES R (IRIER O SE l aee

Prsfisraes. theatiom tforalphistinghlomedne\isddosningdifiariaibpedth anvor data
co%?élfrﬁﬂ% ggﬁﬁh%t(éﬁﬁ%ggity&[ 35 is also preferably located in the
e ; : |

devic , along with a display showing the GPS coordinates. Ideally, all

ocommungc%ggé istgogodthjgﬂtggb\(/y'rel%?séy for maximum range and portability.
1086k pathogen detedlionGéevice 3 |deeally capable of detecting multiple

conhepathagspraftitiflie B BMsidearbytheviaime pathngramsywRibasihost

markers within a single sample, and preferably markers of different types,

m&gph as Rer;eJﬂa'bt%%%gt@?é%%B i%@% Qﬁene-baéed markers. 100791The
method of detection Used can be varied among suitable available

CORRERHon sTRYWsYErably rifelndal inEassaissigne elemest.biuréuebitiensrative to
trafAHAGHIER(BRMopkas AMMBNBER of pathogen / host characteristics, preferably

1o the remote database.

16063] According to another embodiment, the
transmitter may preferably be operative to automatically initiate transmission to the

remote database, pfefcrably upon generation of the list of pathogens and/or the list of

pathogen / hest characteristics.

[0064] According to another embodiment, the
diagnostic device may preferably also include a GPS (Global Positioning System) locator
element, preferably to provide geographic location data, preferably associated with the

clinical sample.
jo06s] Accordihg to another embodiment, the

system may preferably also include a locator element, a remote database, a wirelesg

transmission element, and a wireless reception element. The locator element may

preferably be operative to determine geographic location data, preferably for the
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74410-13 PCT/CA Wolfnag | | 3DAPR 1L 2008 30.04 .2008
conjugated to quantum dot-doped microbeads or _
nanobeads/nanoparticles. Alternatives include single quantum dots or
fluorophores conjugated to BRMs. Quantum dots, also known as
-semiconductor nanocrystals, are electromagnetically active
nanotechnologybased particles, ranging in size from 2 nanometers (nm) to
8 nm. A particularly useful 5 property of quantum dots is that they are

- fluorescent, that is they emit light after brief illumination by a laser. In
addition, quantum dots of different sizes will fluoresce in different colors
and the fluorescing color can be modified by the particle's shape, size and

condieBRA dBrM Shgde mETEEINAoR sldeineanthal Bin daskyers andisgibe host. The

otheshiglegisslspigcplierans e pathegen spaeHien beseXARRIR: remote from the
"antipodies" are BRMs that 10 bind to protein? and "olig&onu leotide

profJAZRASHS BEAE th P BN SoFARTRISEREA R B B8y REHEED Y iy PRtV to
or RivA}sfRathagens paedisists thavie hothtenlabass)dishdred @eanatimandthogens

protein markers, and each marker can be bonded.to by a specific BRM. = . .
OB A TP Sy L e L R AR e aggeristis,
carulaéot @ mrognydter sschfomidremdter svirc Hisnmateptanddopetinmiypeferably be
collection of quantum is. | sically conjgated to a BR

intr%pc?ﬂ%ﬁ% honlraﬁeévcebr% mfs_léti%cg?g‘%%a’naflqm d%iwo%dgferg%tgtsiz%st%?f the data
coloysjeamivgaradiifgeanceohbmatiation shncbinkwalsaoiplseHdsiatieoptseniig pathogen

with ﬁ@&%m%%ﬁ&?a’aﬂ%g%? &%@@%ﬂ@mmmﬂm %%faqmsfapgaﬁh wireless

- intensities can be created. When a Taser illuminates the microbeads, the
quiRtemissiers frrseeaily foprerhiclorsididiegiestsfibiitstion of colors.

These color combinations are 20 an example of a barcode, in this case an
opjiwsdjbar codeprngagausito enbiREisyniipol, and similar known types of
imprinted barcodes. Since e

hB recQgni distinct pathogen, or
OB LT S5oh RHOFOLa e Lo GHOLALIE SERmE &) locator
BRMeeniugafec iy coofieanhprolic esogrighicddeafomtigaspecific pathogen
or host marker recognized by its BRM. These BRM-conjugated '
mimﬂeads, ascuelhas BRMer2btodjugated quantum dots, may be
lyophilized into a powder and provided in the sample analysis kit.

1018 Pea A SPEPRISYE LBAN EH ERM ARG AT A 1B SE BSthnd Fppilized powders.

pathogens and those that are not, an additional confirmatory detection
sigenasin the fspardisinimiramigdmandior an anti-human IgM molecule,

OrMW%e&&Bx%%EQFiE‘&UBQ gXti@e? é¥3HiBinant and/or synthetic pathogen and/or host
i specific antibodies and/or antigens and/or oligonucleotides complementary to pathogen

and/or host genes of inierest, or a combination thereof.

[0069] According to another embodiment, the
detecion medium may preferably contain at least three aforesaid identification
complexes, each preferably for detection of a different one of the pathogens and/or the

host markers.

10679] According to another embodiment, the

identification complexes may preferably be for detection of HIV, Hejﬁatitis B andfor
Hepatitis C.
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30antibody), or an oligonucleotide (complementary to a pathogen gene of
interest) -17- AMENDE SHEE 74410-13 P-O-Tel nein STO2 1 30APRIL
2008 300 4 . 2008 conjugated to a lluorophore, is included. The readout
of a successful pathogen detection test comprises the bead barcode
signal and a second signal generated by the tluorophore. [008210ne
example of pathogen detection is an antigen capture system. The antigen
capture system includes a capture antibody (i.e. a BRM) which is bound to
the barcoded 5 microbead which is responsible for capturing the antigen
from the sample. A second antibody (detection antibody) which
recognizes the pathogen antigen/protein then binds to the complex. This
l00gbtectior BB R EBRjGEREIYS aMorophore. When the sample is

idcaRAERH db Rl O ?%ﬂ@ﬂ @Rl ISNY dateeid BiNBepatitis

pathogen does not register as detected, either because it is not present in
C, elaiapifoP s de'sf 10 assay failure. The latter case is eliminated if

the correct signals from the positive control sample, i.e. detection of the
[eoappropriatechingoodecdfctiverBRMeqgudntum dot-containing microbead run

- _.n parallel with all.clinical tests are d e 408 nother example of
Sys%)ea h%@’eﬁr%gige%%gﬁ %ra%s%ﬁrtl?%oadgoc?agbt%zggys%gﬁﬁ rjler?ét 08 r%?ik%%f}gcgf)}%u%
theglpttetmrtheoB&Mswhich is bound to the barcodcd microbead is a 15

_pathogen-specific antigen or protein (natural, recombinant, or synthetic).
jpo7Be complementasy antibadytodbecantgerndd presestioibieclinigdount

sample would bind the antigen attached to the bead. This Q%mplex IS
of RAEigHESEHY IR BRROI GRS S DA PR OB PSS A SRty
curféNill- BURSAIdOM DA B HbMAnd gfo)ihispitb tectien iaftihadyrisconcerning
treaclslilgo nﬁhus l%%&egug?agt{ll%oxgao‘eg?&%%fgrg ?ﬂ?’iﬁ‘é@gﬁeg‘gaﬁ%@%se. I%&%Q%Igrz g \}alelttahg% is
the ability to collect patient and pathogen data in a global database and mine the
information contained in this database to produce trends and tracking measures for

‘various pathogens and their hosts, which information may be used for survci!lancé,

research, therapeutic design, and other purposes.

[6074] Other and further advantages and features of the present disciosure will be apparent to

those skilled in the art from the following detailed description thereof, taken in
conjunction with the accompanying drawings.
Brief .Dcs.cription of the Drawings

[0075) The invention will now be described in more detail, by way of example only,

with reference to the accompanying drawings, in which like pumbers refer to like

elements, wherein:

Figure 1 is a flow chart detailing the series of steps in the inventive method

disclosed herein;
Figure 2 is a block diagram for a pathogen detection device; and

Figure 3 is a block diagram of multiple devices communicating with a central

database.

-15-



20 for the detection antibody is not detected alongside the signal from the
bead barcode the pathogen does not register as detected, either because
it is not present in the sample, or due to assay failure. The latter case is
eliminated if the expected signals from positive control sample, as

-—mentioned above, register correctly. [0084]Still another example of

10

15

20

25

pathogen detection is a genomic analysis system. In 25 the geno%ég@@?f 85021 6
!

analysis system the BRM which is bound to the barcoded migr, bea&ils
pathogen-specific oligonucleotide (RNA or DNA) (1-25 bases in len
Upon addition to the sample, the oligonucleotide will hybridize to its
CARRRDBALER,RAUIIRE M s AANAGEN Jee. A second
oligonucleotide sequence complimentary to a downstream portion of the

ene of interest js subsequently added and will_ hybridize to the gene, if

REL 18- DEG AW JHgRe Jodhe axrt inteanrprebadpslerciped by a
200H pf esenteT his isecOmndcpaguence is conjugated to a fluorophore.
Again, when the sample is analyzed, if the signal for the second sequence

isopeH deteqiedshepathogen,dess ot Jgisier a5 da1eGted, eithe an. animal or
| A

because it is not present in the sample or because of assay failure.

COTYBeny eetd cteandsinvdEabior SuneslsaRMefertbaughaplevae inasserum
tha:Hirtier scepariontQRgRAIhebiolagical(e.g Macmsamnpleisaided Bnples

a vial, and different pathogen markers hind the various microbeads

C%ﬂ)ﬁﬁguﬁeafié%ﬂ%@% gﬁﬁlﬁr‘f‘ﬁ{? &S hipnarplyzed 14 and a list of pathogens

identified in the sample is generated 16. A GPS receiver 22 determines the location of

the sample reader and thus, the sample. The list of identified pathogens and the location
information are both sent 26 to a central database for storage and processing. Meanwhile,
a list of treatment options is displayed at 18, based on the identified pathogens, for the

operator’s consideration.

{6078} The analysis 14 is performed by a pathogen detection device 30 as shown in
Figure 2. This device 30 is portable, preferably hand-held, and has an outlet 32 for
recetving a sample and a display 36 to show the list of detected pathogens within the
sample. An input device 38, such as a keyboard, is also provided to enable scrolling and
viewing of the display and input of additional information (ficld notes, etc.). Pathogens
in a sample are identified based on matching of spectra to previously stored data
corresponding to each pathogen supported by the device. The spectra database may be an
internal database on the device 30 (kept in flash memory or similar storage to allow for
updating) or retrieved by communicating with an external database. A GPS receiver 35 is
also preferably located in the device 3¢, along with a display showing the GPS co-
ordinates. Ideally, all communication is conducted wirelessly for maximum range and
portability. The pathogen detection device 30 is ideally capable of detecting multiple
pathogen, multiple BRMs from the same pathogen as well as host markers within a single
sample, and preferably markers of different types, such as protein-based markers and

gene-based markers.

[8079] The method of detection used can be varied among suitable available

methods, however, a preferred method is the use of biorecognition molecules (BRMs)
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sample is then washed or otherwise treated to remove extraneous matter
and unattached microbeads. The detection antibodies conjugated to the
fluorophores are then added to 10produce a bead-sample-detector
complex. 100861 The bead-sample-secondary detector complex is flowed
through a microfluidic channel via hydrodynamically or
electrokinetically-driven flow and passed through a laser beam | eq

”

one end of the channel. The laser beam illuminates the quantum

the complex and the emitted wavelengths are guided to ei dra 18PRIL200830. 04, 2008

spectrometer/CCD system, photomultiplier tube and/or a series of APDs.

Qignaldeenvpiion seitways tranalpiasstie Sgnalaod e S RSPORAA i ves

optical code is compared to pathogen-specific spectra stored in the

dBEAEKSEHHAHBEERSBF HDMORR ARG RNt artptrsiis. also

deries. Ihem distefleiaded patogenranchpathoas akdRosinotechnology-

har cterisﬁics is produced. The response time from the taking of the ful
TS AT BIGToBASAm B (5 e JHORURTSR G pAtDgeh FerEaleHs usef
megstise diiguaioute otk 008 | dealytetlia pathogenal etattipreaavigh S8 is brief

a,portable and-peld device with an inge rated | nd. . . .
e S I R DR ) S sy s i

spEeifivaltyldesigdebePDisserigrofioidiecharmeti¢hibsy dhsupplyctf BRmpe, size
20 FAgAtaR baregdad beads fof:ideificalng Al YIRS RRINGIENS AR other

well as appropriate bead-pathogen complex detection markers (quantum
deelarieropnbrel s A PER/NREE SReRESH di Sravieh et etie o8 BMs that
digensletides)d The:onvwe R maystone aphegenidentibiMARAGRy gene
on board, or aecquess a remote database, preferably via the, Internet

praRsTRiSTy BT R ety BB ATITE RGO BBt 2Rd dlfupd eeneti

ciatbp@sen HAHA0- 434 each marker can be bonded to by a specific BRM.

{0080} A microbead, which 1s a polystyrene (or similar polymer} bead that can be 100
nanometers-10 micrometers in diameter and doped with a collection of quantum dots, is
physically conjugated to a BRM. By introducing unique combinations of quantum dots
of different sizes (i.e., colors) and at different concentrations into the microbeads,
microbeads with thousands of distinctive combinations of quantum dot colors and
intensities can be created. When a laser illuminates the microbeads, the quantum dots
fluoresce to produce a distinctive combination of colors. These color combinations are
an example of a barcode, in this case an optical bar code, analogous to a UPC symbol,
and similar known types of imprinted barcodes. Since each BRM recognizes a distinct
pathogen or host marker and each microbead has a unique barcode, each BRM-
conjugated microbead provides a barcode for the specific pathogen.or host marker
recognized by its BRM. These BRM-conjugated microbeads, as well as BRM-
conjugated quantum dots, may be lyophilized into a powder and provided in the sample

analysis kit,

joosi}  To differentiate between BRM-conjugated beads bound to pathogens and
those that are not, an additional confirmatory detection signal in the form of anti-human
Ig(, and/or an anti-human IgM molecule, or a pathogen-specific antibody (i.e. anti-X

antibody), or an oligonucleotide (complementary to a pathogen gene of interest)
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PC---1-762007/ BCO2 | E 30APR I L 2008 30 .0 4 . 2008 If an on-board
database is used, a communications system 34 for contacting and

. receiving updates from a larger, central database is provided. 100881The

pathogen detection device 30 may include a GPS tracking device which

—transmits specific geographic information, preferably wirelessly to the
same central 5database. 1008910nce the pathogen list is producesd; maa? ! 8E031 8
ph

00830.04. 208

pathogen detection device 30 may additionally provide furghgr mfogm
of value to the diagnosing doctor. Ideally, a treatment protocol is provided
(step 18), including any special measures necessary to avoid

COITMIL egqaonfﬁl %hg B?ethggﬁcr]ué) quﬁ" nfor? gi[lltoo as ls'lt(l:ch essful atho e% detection

patrH ysiology, 10disease history an bliographic re ferencés ca
provide:rsaablints i &patke genad ensttisr oel icendatsortelibe tsediagphore.

an educational tool in the appropriate scenarios. 100901An outbreak

soenqrio fapusexefiie sigyio iBradstaniiard RAthogen delertionsailinge antigen
follows. An airpor

capture system mc ul eg gf;g;[u?é gg{g%é?fp(r esergiﬁgfl?\gfnh?égr ct)blg %c? tHa%arcoded
microbead which 1s responsible for captusing the antigen from the sample. A second
antibody (detection antibody) which recognizes the pathogen antigen/protein then binds
to the complex. This detection antibody is conjugated to a fluorophore. When the
sample is analyzed, if the signal for the detection antibody is not detected, the pathogen
does not register as detected, either because 1t is not present in the sample or because of
assay failure. The latter case is eliminated if the correct signals from the positive control

sample, t.e. detection of the appropriate bar code of the BRM-quantum dot-containing

microbead run in parallel with all clinical tests are detected.

10083] Another example of pathogen detection is an antibody capture system. In the
antibody capture system the BRM which is bound to the barcoded microbead is a
pathogen-specific antigen or protein (natural, recombinant, or synthetic). The
complementary antibody to the antigen, if present in the clinical sample would bind the
antigen attached to the bead. This complex is recognized by the addition of a secondary
{detection) anti-humnan antibody (Anti-Human IgM or Anti-Human IgG). This detection
antibody is conjugated to a fluorophore. Again, when the sample is analyzed, if the signal
for the detection antibody is not detected alongside the signal from the bead barcode the
pathogen does not register as detected, either because it is not present in the sample, or
due to assay failure. The latter case is eliminated if the expected signais from positive

contro! sample, as mentioned above, register correctly.

[0084] Still another example of pathogen detection is a genomic analysis system. In
the genomic analysis system the BRM which is bound to the barcoded microbead is a
pathogen-specific oligonucteotide (RNA or DNA) (1-25 bases in length). Upon addition
to the sample, the oligonucleotide will hybridize fo its complementary sequence on the
pathogen gene. A second oligonucleotide sequence complimentary to a downstream

portion of the gene of interest is subsequently added and will hybridize to the gene, if
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vector, as well as presenting problems with implementing traditional

detection and 15 quarantine methods. By equipping medical staff with a
number of pathogen detection devices as described herein, and a supply
of microbead sample vials able to detect pathogens typically transmitted

-—py-travelers, incoming passengers can be processed on-site by taking a

10

15

20

25

blood sample and injecting it into a sample vial. The analysis is p%ﬁ&n@@@yf gEb2L g
ﬁgﬁdt 200830.0 4. 2008

by the pathogen detection device within minutes and the sampled
passenger 20 can be quickly released or redirected for reftmen
observation, as necessary. While a smgle device is limited in processmg
car@%tl)_ti{ityE the abI|I(T1yS£[30 LPerowde mult| ?s of i entlcar\ll devjces ca

e 15 Conlad Uoro re gL, W tﬁe sample is
rocessing O passengers in a mdt OUI'S, n aster

prosdessing ahow&zlmpfmnhat@ctp@étmemr@;ndaquetrdn@n@&fné&spaémwrbéees not
@i%ﬁe‘?aa@%@t@d‘t‘gdb%mrge%mgt WY&s G%Q%H&QJP% Qﬂ@bs%Q{H Y 8; m%ause of assay

ogen spreading 25unchecked. [00911As an example, a pathogen
dét@éﬁoﬂ gV mesicskistany BRMoeYRjuatels Barcbued iviclshesdsfoptes the
detectiangishree different pathogens, say, HIV, Hepatitis B and Hepatitis
C. The microbeads associated with each pathogen have a separately

bl fo h d b i
oo e N e WS i Yo TR & S B S i ocen
Imalm)ssb@d @M: V2008 g@@lmdndmwomﬂmifmiﬁetm@m) B@mufﬁiﬁ combined

ysliow:beads, (©.gndelsciingihe cmg@gqx M&Péfeaem%%%g%%y%atGh%&ached

infection), and Hepatitis C red-yellow beads (e.g. detecting the antibody

RN PIR-ad fifdftesteli o Mépedins ©mitersory, Bdlpretenaity aif (Ringdded to

QrRA0E: RIekESRANedeR Gonepigx detection markers or any color-probe
that is 5 spectrally different than the color of the barcodes. Thus, the

\C/@%tlon stehlc(h g;serr%aﬁ= e|I§/ |de tected ?thoqen me reC!y t%xrgp]%h s

e
V Ieng ies COf(l)I% r |n enS| ead sp ectra
microfluidic channel via hydrodynamically or electrokmeticaﬂy-dnven flow and passed

through a laser beam located at one end of the channel. The laser beam illuminates the
quantum dots in the complex and the emitted wavelengths are guided to either a
spectrometer/CCD  systern, photomultiplier tube and/or a series of APDs. Signal
deconvolution software translates the signal and the corresponding optical code is
compared to pathogen-specific spectra stored in the database of pathogens or host
characteristics supported by the detection device. Then, a list of detected pathogens and
pathogen and host characteristics is produced. The response time from the taking of the
original biological sampie to the production of the pathogen list can be measured in

MIinues.

(6087} Ideally, the pathogen detection device 38 is a portable, hand-held device with
an integrated laser and spectrophotometer, photomultiplier tube and/or series of APD
units, specifically designed PDMS @icrof]uidic channel chips, a supply of BRM
conjugated barcoded beads for identification of various pathogens as well as appropriate
bead-pathogen complex detection markers (quantum dot, fluorophore, small bead labeled
IgG/lgM/anti-pathogen antibodies or oligonucleotides). The device 30 may store a
pathogen identity database on board, or access a remote database, preferably via the

Internet, preferably wirelessly, and identify the pathogen from a remote, central database,

74410-13
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100921From this model, the system can readily be expanded, for
example, to five pathogens, adding, for example, pathogen detection
microbeads for malaria and dengue 10 virus. From there, extrapolation to
more pathogens (10, 20, 100) is mostly limited by the ability to create a

-—sufficient number of barcodes, which is based primarily on the dapin\gof

10

15

20

25

the microbeads and limits of the detection mechanism. As the nufiber 2887/ 88823 ¢ £

increases, barcodes may be based on intensity levels, asgvbell as

wavelength. 100931 Detecting and providing a treatment protocol%gﬁéi‘ 200830. 0 4. 2008

pathogen represents merely 15 the first step in a potentially much larger

Rragess onragking and.contolling, tne. spread gt pathodens as.shownin. . ino
l:igt(jir(i:‘&?’).I Téilo%ng the device to be n%]cl)cd%ﬁ)%r and %eaé%?égr t%oatéltcé%ltgealﬁ?erf ceving
avérienionpatiegestirel BRMsS 6T IrLiSIe pathogens) with similar

clinical presentations, act as a screening tool (e.qg. for identifying

indbsidualsivageinatesh fortsalentachiisaasasy arcieningHshsiRiapsiO¥ice which

Ginics o select the pathogens of interest 20 1n, heiriPﬁ”iﬁ”'?r h tral
COMMURItRS. aflows forunprecadentad disgrostc HExibity af the Same centra
blagdige, Incorporation of multiple BRMs for the same pathogen enhances

detection accuracy and overcomes the limitations associated with use of

Sihese BRMg forRatheeen deteClion (i Ualionsang, Sitainidiffetenceso may
which may result in false negative or false positive results). The test

st ata AR ViR BROGRAIORI € Toritbroate (Berrnegasine, 1deally, a

inteumatiofrabaut thepatieat @ep ndMerdatressranshatiabieasures necessary to
priv%py-cprotec.te | data) provi gd bX th& PS ynit, are tran%mitted tt}? a(llli o]
Central TAtAbASE A0, The' Tnfdmi&tion is pFéféI}acb yasle()ﬁt \f'vlfFeIealg’sPﬁ HRgYSioroeys
idisnedidtetyryponl dehiogtiphiof iferpatitogen list fsiedD )edbhbgeriteapathogen
JRtARRTER0S 10 SROBANINAS ‘AH%@REE‘LHM%%?E&Jh@%&%?&?%z%%%%ﬁ%%.
devices 30 at any given time. -20A- AMENDED 74410-13 "A-Toloon eaten

Li 30APR IL 2008 3 0. 0 4. 2008) 10094/The central database 40 can be
IBE&! natidareHgfabac B A BihBiatioh of iffsrdht dHtatid g BB glstection
typesg |tertys. onentaplerelcenisatidatahase dPrisdpgdethajor pathogen travel

vector, as well as presenting problems with implementing traditional detection and
quarantine methods. By equipping medical staff with a number of pathogen detection
devices as described herein, and a supply of microbead sample vials able to detect
pathogens typically transmitted by travelers, incoming passengers can be processed on-
site by taking a blood sampile and injecting it into a sample viai. The analysis is
performed by the pathogen detection device within minutes and the sampled passenger
can be quickly released or redirected for treatment and observation, as necessary. While
a single device is limited in processing capability, the ability to provide multiples of
identical devices can enable processing of passengers in a matter of hours, not days.
Faster processing allows appropriate treatment and quarantine measures o be taken
earlier, and be more effective, reducing the probability of the pathogen spreading

unchecked.

[0091] As an example, a ]ﬁathog,en detection device may contain BRM-conjugated
barcoded microbeads for detection of three different pathogens, say, HIV, Hepatitis B
and Hepatitis C. The microbeads associated with each pathogen have a separately

identifiable barcode, for example, HIV may have red beads (e.g. detecting the antibody
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which receives information constantly from all devices 30 worldwide. Over
time, the database becomes a repository of information on every
pathogen supported by the 5 detection platform lending itself to mining for,
among others, frequency and global patterns of detection of pathogens,

10

15

25

lerg-term pathogen trends (i.e. colonization of new territories), and

correlations between pathogens and host markers which may inqﬁ@;@@g?} gnfey ¢
0830.04. 2008

enhanced susceptibility or resistance to the disease. -20 QMEI\HBEIH_ 20
74410-13 PCrrat007/ ga021 23 APR 1 zooa 2 8 0 4. 200 hat Is
claimed is: 1.A method of detecting one or more pathogens, identifying

Of)&: PLOMNR RARPEE IS COARFIANZING O9C Al NYERADIIRRS e the antibody

characterizing a pathogen host, said methad being for use with a cfinical
sAiriplercolidtser frdntlaabit tRaterideiialRndoreaifdiore stdnshetalsets (e-e.
naelestieshSaig ethed sesmprsingthe sterieliis aitleteetion ettty all

providing step of providing a detection medium containin

g .
PATRS JUANEH iR AR Ca MRS tRTATST CBRIBREX Y Bt egbuchinbe that is
detection offpathogensiand bost mabkersisuheteis) saidaathagentspegificeadily
/ ﬁ‘@&éﬁ%&ke%t"?&?éﬁ'c%%ﬁ’o” complexes com p&:‘%&f@ﬁ‘:%F’@ﬁ‘{?&"%@#ﬁ%&e%%1-) or
respective a%ogen-}%pec%ﬁc 0St marker biorecognition molEcures
(BRNsly andianizedeireeach of said microbeads contains quantum dots,
fluorescent dyes, or combinations thereof, such that each of said

migsopeads;is,adapted 9, emit Q8RR MOrE SN AJUS! BB/ mple,a0 five
detection complex forming step of combining said clinical sample with said

dtbegERs NS e dBtRE BATRRECIIES IR ISR Ggfy for malaria and denguc
pathogernanaeiticek ot iatarker idenificaiensqompexes areait limited by the
detection molecules.being adapted to bind with said target molecules if .

TG R A WS TS GLAGIA ToN EOmDRSS B dovne
edcthoisaidigetsctich imolecdldsisi¢iather ataptedio erit tleenomirorarcreases,

St?a%&rc?esa%ﬁr 385900 190k, SRS IRTRIGNCE dRigbase providing

step of providing a spectral reference database of pathogen-specific / host

marker reference spectra; .
10093| Detecting and providing a treatment protocol for a pathogen represents merely

the first step in a potentially much larger process for tracking and controlling the spread
of pathogens as shown in Figure 3. Tailoring the device to be modular and be able to
detect either an array of pathogens (i.c. BRMs for multiple pathogens) with similar
chinical presentations, act as a screening tool (e.g. for identifying individuals vaccinated
for selected diseases) or allowing physicians or clinics to select the pathogens of interest
in their particular communities, aliows for unprecedented diagnostic flexibility at the
bedside. Incorporation of multiple BRMs for the same pathogen enhances detection
accuracy and overcomes the limitations associated with use of single BRMs for pathogen
detection (i.e. mutations and strain differences which may result in false negative or false
positive results). The test results data along with the geographic location data (but no
other information about the patient e.g. name, address and other privacy-protected data)
provided by the GPS unit, are transmitied to a central database 40. The information is
preferably sent wirelessly, and immediately upon generation of the pathogen list (step

20). The central database 40 is in contact with a substantial number of pathogen

detection devices 30 at any given time.
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an analysis step of: (i) flowing said detection complexes, under influence

of flow forces, through a microfluidic channel and a laser beam, such that
resulting spectral signals are emitted from different types of said detection
complexes, with said resulting spectral signals comprising said first signal,

-——————said-second signal, or a combination thereof; and (ii) analyzing said

i

resulting spectral signals with a detection element in a handheld fCTiy @087/ 85021 ¥
diagnostic device by: (a) detecting said resulting spectral gignals;& % L 2008
collecting and translating said resulting spectral signals, into a trans a{e& 50.04. 2008
optical code for each of said different types of detection complexes, using

pligl state-photadeteators of said detection -21- AMEN SKEET .. .
o B, e e S i e dagon of
aréfyaaipledesenit Blewrionesin ldirdbt responsevd saidrbduirgesplestmabvided
SIgnA SeaRdCHMACHIDY arhaald Hansited RRUICH GRURWMIR 20ver time, the

corresponding one of said pathogen-specific / host marker specific spectra
ifPLahRp S JuehERe forSReE Hataba SdIBTRISAUER & YRV oPPhsSHetrpPorted by the
cRedaine dytidimthenelinicatgampleiand aliskebpathegen ARestncy and global
characj[ergsﬁcs. 2. TEF method oé claim | for use with a blgod sa}mplef.a ¢
PEEHE SARRS esR! aliRrrs S IR ASS T A dhbfe, BRI 7ation of new
(Brotchkopluedlasiaiage) difw@aspahagymngeal) swabsrhdPsaspichtes;yoindicate
Viiym.es e dinical sample; .3, The method of claim 1 or 2, wherein

said solid state P otodetectors comprise a collection of Avalanche
Photodetectors. 4. The method of claim 3 wherein said collection of
Avalanche Photodetectors is arranged in series. 5. The method of any of
claims 1-4, wherein each of said microbeads contains a

-20B- 74410-13



unique combination of said quantum dots, based on color and/or intensity

of said quantum dots, for emission of a unique spectrum as said first

signal for each of said pathogen-specific / host marker identification

complexes. 6. The method of any of claims 1-5, wherein said detection

complexes identify said pathogen / host characteristics by said resulting

spectral signals in the form of the combination of said first signal %@B@?/ gg6nst g
second signal emitted by said detection molecules. 7. The metho n !

of claims 1-6, wherein at least one of said detection molengs cor%gfrgigézﬁga 28-04. 7008
a fluorophore to emit said second signal. 8. The method of claim 7,

whgrein.saig flugsophore is conjugated to an anti-human 1gG molecule, an

anti-human IgM molecule, an anti-pathogen / host marker detection

a tibOdyA%e%]c}g Ié?gggzg{enmyn% g?g)%? Cgthggér Q,ei%l%ti qggogﬂ%naé %o?!:%mﬁogens,
1-8, wherein; in sai anakéls stép, analysisof sali

resultingsipogratsignaisisadelitiegraliyopeirniet 1yeascptitsigrg host, said method

'%]E%%&pﬁg‘g’ LAHENRED E LollectedRNISAROPHA D RAEHZBARERs lone or
20082 04 2002 spectrophotometer/CCD (Charge-coupled Device)

syReshiam g MRt RpkobrarasiviBa G SiFRREfeof. 10. The method
of any of claims 1-9, wherein said microfluidic channel comprises a PDMS

(polydimethasiloxanelivasirchatmekbwhich psopldsma tieatédn andlimundateining
a}gdl&xsosggn"—ggéciﬁc / host marker identification complexes for respective detection of
pathogens and host markers, wherein said pathogen-specific / host marker identification
complexes comprise microbeads conjugated to respective pathogen-specific / host marker
biorecognition molecules (BRMs), and wherein each of said microbeads contains
quantum dots, ﬂuoreséent dyes, or combinations thereof, such that each of said

microbeads is adapted to emit one or more spectra as a first signal;

a detection complex forming step of combining said clinical sample with said
detection medium and detection molecules, with both said pathogen-specific / host
marker identification complexes and said detection molecules being adapted to bind with
said target molecules if present in the clinical sample, to generate detection complexes,

wherein each of said detection molecules is further adapted to emit one or more spectra

as a second signal;

a spectral reference database providing step of providing a spectral reference

database of pathogen-specific / host marker reference spectra;

an analysis step of: (i) flowing said detection complexes, under influence of flow

- forces, through a microfluidic channel and a laser beam, such that resulting spectral
signals are emitted from different types of said detection complexes, with said resulting
spectral signals comprising said first signal, said second signal, or a combination thereof;
and (ii) analyzing said resulting spectral signals with a detection element in a handheld
diagnostic device by: (a) detecting said resulting spectral signals; (b) collecting and
translating said resulting spectral signals, into a translated optical code for each of said

different types of detection complexes, using solid state photodetectors of said detection
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11. The method of any of claims 1-10, wherein said flow forces are either

electrokinetic or hydrodynamic forces. 12. The method of any of claims

1-11, wherein said spectral reference database is located on-board the

diagnostic device. 13. The method of any of claims 1-12, further

comprising a geographic location collection step of collecting geographic

location data from said diagnostic device for at least one of said PCTCA-R0B77 BH B2 1 §
pathogens and said host. 14. The method of claim 13, W?Gc-?ejn SRIFR 1172008 28 . G 4 » 2008
geographic location data is collected via a GPS-enabled (Global

Positioning System) element within the diagnostic device. 15. The

metheshohany efclaiped @ 2nfirrthetrcomprising: respoasgeogaiphiculting spectral

location determining step of determining geographic location data for said £
di%lélﬁ%}%’tica%ge@én 3% if}geaatc ﬁ]e%asl ?ﬁgso%sa?ﬁ E)Cat %’ggr%l and said %1st1;ng one o
a sehpith ogtadspsefjorobigingestepspepfovicipigs at sitbsptitm! reference database to

g 9&{§c%hicﬂlyo§‘?§£}86%559%ﬁaﬁqé§ﬂ%ﬁﬁ&@ﬁe%\ﬁiﬁ% ALRMOIRARCnthogen /
a transmission step of wirelessly transmitting, to said remote database,
saiestiskaspgianiibiefens contained within said clinical sample, said list of
pathogen / host characteristics, and said geographic location data; and

a recepticne sieghof reteiving | collating il stbling, imsdid rephoiea sample, CSF

database, said list of pathogens contained wjthin said clinical sample

O B SR Lt ot BathuEn RAREMT AD e latrShy onas: NP
2 8ARRIONAB2Bs@4b 2 00P/ dspisticharagteristiesharsditogbtiepiwith said
geographic location data, for each said transmission step of each said

diagnosgAdgMERd of claim 1 or 2, wherein said solid state photodetectors comprise a

collection of Avalanche Photodetectors.

4, The method of claim 3, wherein said collection of Avalanche Photodetectors is

arranged in series.

3. The method of any of claims I-4, wherein each of said microbeads contains a
unique combination of said quantum dots, based on color and/or intensity of said
quantum dots, for emission of a unique spectrum as said first signal for each of said

pathogen-specific / host marker identification complexes.

6. The method of any of claims 1-5, wherein said detection complexes identify said
pathogen / host characieristics by said resulting spectral signals in the form of the
combination of said first signal and said second signal emitted by said detection

molecules.

7. The method of any of claims 1-6, wherein at least one of said detection molecules

comprises a fluorophore to emit said second signal.

8. The method of claim 7, wherein said fluorophore is conjugated to an anti-human
IgG molecule, an anti-human IgM molecule, an anti-pathogen / host marker detection

antibody, or an oligonucleotide sequence.

9. The method of any of claims 1-8, wherein, in said analysis step, analysis of said

resulting  spectral  signals is  additionally performed by: a combined
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16. The method of any of claims 1-15, further including an additional step

of providing a list of treatment options based on the list of pathogens

contained within said clinical sample. 17. The method of any of claims

1-16, wherein the detection medium contains at least three said

identification complexes, each for detection of a different one of said._

pathogens and said host markers. 18. The method of any of c|am?§TM§;0@?f B8g21 8
wherein the identification complexes are for detection of H?\p Hepgﬁﬁ@ B2008 28 . G &4, 2008
and Hepatitis C. 19. The method of any of claims 1-16, wherein the

identification complexes are for detection of HIV, Hepatitis B, Hepatitis C,

MgHasia fNd IR RRGUECYINiShagid- A Sy E MOt dleipgting PaHegRMASplier tube, or a

identi ingé)a%o%%ns, characterizing pathogens or characterizing

p&ITOYBAHBLS €4id system being for use with a clinical sample collected

from a host that potentially contains one or more target molecules, and

béfhg foil beeailthddetenyion Fioliclitds vditaptecrid bt Mifis sharegheqmprises a
mpﬂﬁ%'%%%@{ﬁéﬁmgﬁg%é;'H&&%ﬂﬁ&pl@@ﬁa@ﬁ%&ﬂ%@&é@gﬁ%ﬁ% a glass
as a second signal, said system comprising: a) a detection medium
c@H?&ining pathogen-specific / host marker identification complexes for
respective detection of pathogens and host markers, wherein said
pathogefhspesiflod hoStamarker dientification eonplexes cOmpriseces are either
microbeads.conjugated to re %%gve pathogen-specific / host marker
bﬁ)F?ﬁég%iﬁlﬁlg:nﬂFnh lecu ensa?gl'jlgls), and wherein each of said microbeads
contains quantum dots, fluorescent dyes, or combinations thereof, such

thidt eachhsr S5HAhiek eI 18 Bifabtbl tMEFAIR SRE SPTHEHeTS[ERIFS d8abase is

firstaignat. withi saidideipetiodsviedium operative to be combined with the
clinical sample and with said detection molecules, with said

pathog pecific { h identificati d j :
i ad e B Y A docacion
pegHegarr sprecificep hesing aeraraplintlfieztiion dza fivm Eap b e flevice for at
TA4105330f said RIGHAI0QZ4 00:P21 28MAR L 2008 2 8 0 4 . 2008

complexes, said detection molecules, and said target molecules form

detection, complexes; h).a handheld.diagnostic device, including: i .
i arofiu e RO dp Aot B e et sl via o
uSIRG- Sl édrii@ b idesifioaitaseysituritatedt region tre disgicraiiuldicce.
channel, such that resulting spectral signals are emitted from different

tyizes ofsRid.e@teriomeMenes.- volimsaid atisaspectral signals

including said first signal, said second signal, or a combination thereof;

d i) a detection element that is operatiy detect sal
ectraﬁs%geﬁ%%p,etgc calﬂoneo‘aﬁrgnmn Qp OY%et%ﬂmn%%O%

an %5%%%%%{!% tion data
sp nd having solid sta otodetectors pted to collect

afd srathdlagoostivldascrting petirasbipsalbsty erhiegionof sledtrons in
direct response to said resulting spectral signals, into a translated optical
code for eaabiotisaishslfarenitypeas of gricdinn aompisias@phphically remote

from said diagnostic device, a remote database;

a transmission step of wirelessly transmitting, to said remote database, said list of
pathogens contained within said clinical sample, said list of pathogen / host

characteristics, and said geographic location data; and

a reception step of receiving, coliating and storing, in said remote database, said

list of pathogens contained within said clinical sample, together with said list of pathogen
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c) a spectral reference database of pathogen-specific / host marker

reference spectra operative to match each said translated optical code

with a corresponding one of said pathogen-specific / host marker specific

spectra in said spectral reference database to generate a list of pathogens

contained within the clinical sample, and a list of pathogen / host e

characteristics. 21. The system of claim 20, wherein at least one SFEAR 087/ 8Fg21 §
microbeads contains quantum dots to provide said first signdlBand APRIL 2g63 28 . 04. 20
wherein said system is for use with a blood sample, a plasma sample,

CSF (Cerebrospinal Fluid), a serum sample, a BAL (Bronchoalveolar

lavage) AN éAasaphaty ngealrswah; aillRaspirie, lotaispulsa) samipléd said
as the clinical sa ﬁle 22, The s%ftegg of claim 20, wherein each of said

miGPSBHSRORA %a‘éthﬁ 4 G RRISINSHSH of said quantum dots for

emission of a unique spectrum as said first signal for each of said

pdthogehbspasifiod idservarkes!riantifidatidHresmpelding om raddigong step of
) EHBEP 1§Hﬁ?%&m€&?%&@%&@%@%@%§%%ﬂ ﬂa%%&hg Srabid Wddin said

he system of any of claims 20-22, for use with a signal generating
nﬁlé@élé‘?ﬁ%@éﬁconstltuent of at least one of said detection molecules, with
said signal generating molecule operatively emitting said second signal.
247The ’Elystﬁmhoﬂ@témm cleimssk Mithiaftuotiephacetias seithsigaaitains at least

g eéaglgz ig%l mcl)eic)%Sa-)rm % %teggcgf ﬁ!@"@e&%ﬂ&r HP%V\Q H’e@ght Gne of said

uman ecule, arn anti-human IgM molecule, an anti-pathogen
/ m@@@mﬁl@ddetébn@mﬁ%dy or an oligonucleotide sequence,
conjugated to said fluorophore. 26. The system of any of claims 20-25,
erelnﬁ%d&@h@wa@@@t&dﬁﬁemm costpliseaidaletitinotomplexes are for

Avalancheg{> 65 tecttor girhe s'}éséem of claim 26, wherein said
cOREEHOR B AV AlReRE"S 0?891 SR8 s arranged in series.
19.  The method of any of claims 1-16, wherein the identification complexes are for

detection of HIV, Hepatitis B, Hepatitis C, malaria and Dengue virus.

20. A system for detecting pathogens, identifying pathogens, characterizing
pathogens or characterizing pathogen hosts, said system beiﬁg for use with a clincal
sample collected from a host that potentially contains one or more target molecules, and
being for use with detection molecules adapted to bind with said target molecules if
present in the clinical sample and emit one or more spectra as a second signal, said

-system comprising:

a) a detection medium containing pathogen-specific / host marker identification
complexes for respective detection of pathogens and host markers, wherein said
pathogen-specific / host marker identification complexes comprise microbeads

- conjugated to- respective pathogen-specific / host marker biorecognition molecules
(BRMs), and wherein each of said microbeads contains quantum dots, fluorescent dyes,
or combinations thereof, such that each of said microbeads is adaptéd to emit one or more
spectra as a first signal, with said detection medium operative to be combined with the
clinical sample and with said detection molecules, with said pathogen-specific / host
marker identification complexes adapted to bind with said target molecules if present in

the clinical sample, such that said pathogen-specific / host marker identification
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28. The system of any of claims 20-27, wherein said detection element

comprises a spectrometer/CCD (Charge-coupled Device) system, a

photomultiplier tube, or a combination thereof, for additional analysis of

said resulting spectral signals. 29. The system of any of claims 20-28,

wherein said diagnostic device is operative to display a list of tre nt

options based on the list of pathogens generated. 30. The syste?%e@ém@?f ggo2i g
of claims’20-29, further including a laser operative to illumgrgte sal#R 1L 2p08 28 . 0 4 . 2008
laser-illuminated region in said microfluidic channel. 31. The system of

any of claims 20-30, wherein said microfluidic channel comprises a PDMS
(nelyginethylsiloxaae}ast shamnikywhich issplasmatresrduendibainddection

ac%las slide. 32. The system of any of claims 20-31, wherein said flow

forcRy Si&’either electrokinetic or hydrodynamic forces. 33. -26-

AMENDED SKEET 74410-13 P-Crick2007/ B00211 28APR7008 28 . ()
4 2003 b) a handheld diagnostic device, including:

i) a microfluidic platform that is operative to drive the detection
complexes, using flow forces, through a laser-illuminated region in a microfluidic
channel, such that resulting spectral signals are emitted from different types of
said detection complexes, with said resulting spectral signals including said first

signal, said second signal, or a combination thereof; and

ii) a detection element that is operative to detect said resulting spectral

* signals, and having solid state photodetectors adapted to collect and translate said
resulting spectral signals, by emission of electrons in direct response to said
resulting spectral signals, into a translated optical code for each of said different

types of detection complexes; and

¢) a spectral reference database of pathogen-specific / host marker reference
spectra operative to match each said translated optical code with a corresponding one of
said pathogen-specific / host marker specific spectra in said spectral reference database to
generate a list of pathogens contained within the clinical sample, and a list of pathogen /

- host characteristics.

21.  The system of claim 20, wherein at least one of said microbeads contains quantum
dots to provide said first signal, and wherein said system is for use with a blood sample, a
plasma sample, CSF (Cerebrospinal Fluid), a serum sample, a BAL (Bronchoalveolar
lavage), a NP (nasopharyngeal} swab, a NP aspirate, or a sputum sample as the clinical

sample.

22. The system of claim 20, wherein each of said microbeads contains a unique
combination of said quanturn dots for emission of a unique spectrum as said first signal

for each of said pathogen-specific / host marker identification complexes.
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33. The system of any of claims 20-32, wherein said detection element

includes a filter operative to direct said resulting spectral signals to said

solid state photodetectors, to a spectrometer, to a photomultiplier tube, or

to a combination thereof. 34. The system of any of claims 20-33, wherein

said spectral reference database is onboard the diagnostic device,_35.

The system of any of claims 20-33, further comprising a remote dRGAROB?/ BB 021 2
containing data concerning different pathogens and data coac;%rning‘\PR L2053 28.04, 200,
pathogen / host characteristics, and a connection on said diagnostic

device to enable communication with said remote database. 36. The

system dftelaimedbofnereinisaid 2onnettiandovihid sembtecatabaseoiscule as a
PIOYSRIY irgiess cammuiealons ROk B T SYlP Al g uing

35 B a8 Wheréin $ay ebhnection comprises & fransmission elenent

opechiivé tperamenyiesaidistad patrsgarehnd/or said list of pathogen /

host characteristics to said remote database. 38. The system of claim 37,

wherein gid;afs oittefis OPErasivestowiiomatisiin dndtiades tiansgais sieferating
to said remote database upon generation of said list of pathogens and/or
sdMF&EF pathogen / host characteristics. 39. The system of any of

claims 20-38, wherein the diagnostic device further comprises a GPS

(Gibbal Pbsiticring Bylsien?yidontsr sldhwntt-prowidéegeoglegtican anti-human
'@M%@&Rﬂéﬁﬁ%@!ﬁ%&@&%&&'&ﬂmrsa&m?@n%yaeﬁws%%m1eotide
of Claims 20-34, further comprising: a locator element operative to
detansiipe epiegaphie ihiioprerhafor said diagnostic device and for at

least one of said pathogens and said host; a remote database :

prvidedrat ajeoeaiion gapgsaphically2epioteficosin ssidl diatjthosdie gdviodstectors

- - - - - 0

27.  The system of claim 26, wherein said collection of Avalanche Photodetectors is

arranged in series.

28.  The system of any of claims 20-27, wherein said detection element comprises a
spectrometer/CCD (Charge—coupled Device) system, a photomultiplier tube, or a

combination thereof, for additional analysis of said resulting spectral signals.

29.  The system of any of claims 20-28, wherein said diagnostic device is operative {0

display a list of treatment options based on the list of pathogens generated.

30.  The system of any of claims 20-29, further includihg a laser operative to

illuminate said laser-itluminated region in said microfluidic channel.

31.  The system of any of claims 20-30, wherein said microfluidic channel comprises
a PDMS (polydimethylsiloxane) cast channel which is plasma treated, and bound to a

glass slide.

32.  The system of any of claims 20-31, wherein said flow forces are either

electrokinetic or hydrodynamic forces.
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2 2.APR IL 2008 28 0 4. 2008 a wireless transmission element

operative to wirelessly transmit, to said remote database, said data

concerning pathogens contained within said clinical sample, said data

concerning pathogen! host characteristics, and said geographic location

data; and a wireless reception element operative to receive, callate

and store, in said remote database, said data concerning pathogeF@/CA*?Q@?f 8021 ¢
contained within said clinical sample, together with saidZiéta coAe&nringns 2 3 . 04, 70
pathogen / host characteristics, and together with said geographic location -

data, for each wireless transmission from each said diagnostic device. 41.

Th& system afsttaimidonnwifeskims ai8- e atbersiermadt ddenpris e maBPgeludes a

(Giehal Rositoning Lystemaaaiey s%lgf@%rgiéﬂa‘i’sﬂgr&@@o?ﬁ@t&@%ﬂ%otors,

location data. 42. The system of any of claims 20-41, wherein sai
iderimestiomesmisaxds areuiiplifa dePaoiter sembirativpphiisdld powders.

43. The system of any of claims 20-42, wherein said BRMs comprise

nadive, recomphicrant angyfithetic pathbgerandshidstrepesificfantitrodiedae is on-
anti of. oligonucleotides complementary to pathogen or host genes of
inl‘%%%gs?,g%cr[lg%:%ﬁ? ciﬁ%YfS% thereof. 44. The system of any of claims 20-43,
wherein the detection medium contains at least three said identification

cdimplexds, ExtAoP Hemeiin AtiEdifieréht BHEST SamPPatDJeRgHfy database
sadiBRst ke ton it aigvsiem iRl slaims2QAdewhereinhien / host

identification complexes are for detection of HIY, Hepatitis B and Hepatitis .
ChYBCFIRILY SR SN T R RO ARO R SRS SRR R EY i cation with
cendplexes dreatasdetection of HIV, Hepatitis B, Hepatitis C, malaria and
Dengue virus.

36.  The system of claim 35, wherein said connection to said remote database is

provided by a wireless communications network.

37.  The system of claim 35 or 36, wherein said connection comprises a transmission
element operative to transmit satd list of pathogens and/or said list of pathogen / host

characteristics to said remote database,

38. The system of claim 37, wherein said transmitter is operative to automatically
initiate transmisston to said remote database upon generation of said list of pathogens

and/or said list of pathogen / host characteristics.

39,  The system of any of claims 20-38, wherein the diagnosiic device further
comprises a GPS (Global Positioning System) locator element to provide geographic

location data associated with said clinical sample.
40.  The system of any of claims 20-34, further comprising:

a locator element operative to determine geographic location data for said

diagnostic device and for at least one of said pathogens and said host;

a remote database provided at a location geographically remote from said

diagnostic device; and
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47. The system of any of claims 20-46, for use with a lyophilized powder
as at least one of said detection molecules. -28-74410-13 A ENDED
SHEET

| BCTCA 2097/ 8021 §
v ‘ 2 8. A?R’Lzmgzsfﬂénzagg

a wireless fransmission element operative to wirelessly transmit, to said remote
database, said data concerning pathogens contained within said clinical sample, said data

concerning pathogen / host characteristics, and said geographic location data; and

a wireless reception element operative to receive, collate and store, in said remote
database, said data concerning pathogens contained within said clinical sample, together
with said data concerning pathogen / host characteristics, and together with said
geographic location data, for each wireless transmission from each said diagnostic

device.

41, The system of claim 40, wherein said locator element comprises a GPS {Global

Positioning System) locator element to detérmine said geographic location data.

42.  The system of any of claims 20-41, wherein said identification complexes are

provided as one or more tyophilized powders.

43.  The system of any of claims 20-42, wherein said BRMs comprise native,
recombinant or synthetic pathogen and host specific antibodies or- antigens or
oligonucleotides complementary to pathogen or host genes of interest, or a combination

thereof.

44, The system of any of claims 20-43, wherein the detection medium contains at
least three said identification complexes, each for detection of a different one of said

pathogens and said host markers.

45.  The system of any of claims 20-44, wherein the identification complexes are for

detection of HIV, Hepatitis B and Hepatitis C.

46.  The system of any of claims 20-44, wherein the identification complexes are for

detection of HIV, Hepatitis B, Hepatitis C, malaria and Dengue virus.

47.  The system of any of claims '20»46, for use with a lyophilized powder as at least

one of said detection molecules.
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