WD 2011/ 060222PCT/ US2010/ 056455 SYSTEMS AND METHODS FOR DETECTI NG THE
PRESENCE OF A BI OLOG CAL STATUS USI NG CLUSTERI NG CROSS- REFERENCE TO RELATED
APPLI CATIVONS0BJ®0%22] Thi s application is a non-provisi onECTAIS2018M5646F ai ns

t he benefit under 35 USC 119(e) of U. S. Provisional Application No.

61/ 261, 147, filed on Novenber 13, 2009, which is herein incorporated by
reference in its entirety for all purposes. BACKGROUND [0002] Methicillin
resi stant strains of Staphylococcus aureus (MRSA) are inplicated 10 in

i nf ect i onsy YTEIVES ANDSVNIRTHODS FORUDEDE(EINCGHTHERRISENCE OF Ahow
resistance to a wde range of antibiotics, thus limting the treatnent

options. Heal t hcar eBROHOOGICAINSIATYSOUSING CUBSTERING! i nportance,
because it is not only predictably cross resistant to all penicillins and

cephal osporins, but is al so té i cal I¥ resistant to nmultiple other commonly
used anti biotics. Tr ERGHNRED B\E’NSYE L Qe A BB AECATIPNequi res nore

expensi ve and often nore 15toxic antibiotics, which are normally used as

t he lastghhfye of def: - e i ¥ i irngeal 1y
cruciar PROTEGTh ¢ PSR RicaR R e Mol R b B o e St oeT et on
of MRSA 19(&)witthsr Proeitpinat Apglitabiyn Noe6 /261,14 hdtlediiENoeanbafli3eR009, which
co-colonjze with nultiple qther related bacteria, including

met hi ci |5 BRICEE RS PIPOTALCAS GRS PRFCIR &8 SPEHGEY §a]?K’/B‘p§§SS; met hicillin-resistant
coagul ase- negati ve staphyl ococci (MR-20CoNS) and/or nethicillin-sensitive
coagul ase-negati ve staphyl ococci EHEEKON®UNDO004] Tradi ti onal nethods for
the detection of MRSA in clinical mcrobiology | aboratories involve

culturing the bacteria froma sanple as the first step for the jisolation
and di f {9082k i at i oMedficiNRIasisienimEsAL SphyiRcensaureas MRS decimplisated

ti mesconsuyn; : i 1 Dl - ' : t. 1S
o] 22 BlDE R U SHE ot Mo lHeos @) Ao Snd k! sl B 1 or
t he det ewtdeaangfofmatibioditd, thus lingising ttanttcabhean loptionso dEeastheare essociahd@IARSANd
differentiating it fromnethicillin sensitive Staphylococcus. aureus, (MSSA).
One suchisPbPAEEupRFlHed lmmﬂ%smg@eﬂ@gineh%nlw%ﬁé%aly £r08s FrsSRG R of t he

Jne_suchiret | i AN Y-t
t aphy g@%&gﬁggﬂﬁa&h&ﬁ)@gr&@@q ysé %ﬁ‘ﬁg G &HROHuR e btfer BRhRbLEH dsbd

resi sta spa gene o p aureus (Uni'ted States Patent
305, 702, 88ibjotisk riBicatrent ef MRS.A inJationagernefallfl requicalmdve expdmisoke agy oftSepmiore
2005, 4585-459 ? .2011/ 060222PCT/ U 2q1§/1'056g§5f Unaﬁli g#ous dedt ection of
MRSA usi Y ARI8I085Hr A JOHBHPEYE & A% 0B OERTER¥n e bt Ot APt

non- St apytRLAGE WER SN €M SIS alTHEBotR SreABidAt GAd InfdbtibR SbMtdtheat@@GUl ase
negati ve Staphyl ococci (MR-CONS) which al so harbors the necA gene for

)
nmet hicil ] i.n.+esistance. (Be A et.. al. [ i, crohiol ogy,
Jan. 200@,08%]229- 23§ rb%@%?‘ﬁ‘* § purcfs ol BHEDRL e a%@%ﬁ%%%&aﬁ heho
priners @nebiphiod /sthtreuliplerdtiter albted bacteria, including methicillin-sensitive
Staphylococcus aureus (MSSA), methicillin-resistant coagulase-negative staphylococci (MR-

20  CoNS) and/or methicillin-sensitive coagulase-negative staphylococci (MS-CoNS).

[0004] Traditional methods for the detection of MRSA in clinical microbiology
laboratories involve culturing the bacteria from a sample as the first step for the isolation and
differentiation of MRSA from MSSA and MR-CoNS. This approach is time-consuming and

requires a minimum of 20 to 24 hours until a result is known.

25  [0005] A number of molecular based methods have been published for the detection
of methicillin resistant Staphylococcus aureus (MRSA) and differentiating it from methicillin
sensitive Staphylococcus aureus (MSSA). One such method targets two separate regions of
MRSA, the mecA gene of the Staphylococcus cassette chromosome (SCCmec, responsible
for methicillin resistance) and spa gene of Staphylococcus aureus (United States Patent

30 5,702,895, Sinsimer, et al., Journal of Clinical Microbiology, Sept. 2005, 4585-4591).

1



the flanking region of the Staphyl ococcus aureus genone (United States
Pat ent 6, 156,507, Hutl etsky, et. al. Journal of Cinical Mcrobiology, My
2004, pl8y9-2083uY222SCCrrec is a nobil e genetic el enent t RET/USANIVI08ESE he mecA

gene and i nserts a.specjfjc site,.attBsce, at the 3 -end of .the orfX
gene. TheRquRfIguQS: &%ﬂl?@%ﬁ%%ﬁg fhds %P@ﬁ?%céﬁ%ﬁagnﬁ’/ﬁr?%%% RFRLFE%Si de 10
of att B StphyiScdcb® dir@iitsudink 56H din@thicHiP@R G dns coAldsguexsivei th the orfX

side of attBscc (lto, et al., Antimcrob. Agent Chenother. 2001, 45,
p1323- 133aphyilecyceit(MR-CoNftwhiste alebharhgisiibe WheMvgeneior nedogillingsisisng37- 2651,

Noto, etal .. J. Bacteriol ~.20 . 190 67,12 . i pproach infers the
pr esence(ﬂgfketrh%t' ??’Ec%mgaéﬁgcfh%c% 1%%8?%%’[1%@@?’ P%%j %(%rrec/ orfX junction.
Thi s approach requires the use of multiple priners as h been

l e . her e
severdal [0800]f f er end MSypEecCRt MAICCHATARPERCP UHHESS PEHRES § P’E?geshtoi Gpepand

subj ect tﬁﬁ;g tﬂfaf?ﬂhﬁg é%géﬂt # He SEaiﬁ lot:écc?%@ux{e&s ééh%{d%r(gﬁlﬁ@% Stafds PRtenIBA 56363 L t €S

t hat do con e nec ene arley; et. . Journal of Cinical
M cr obi o eptsky-etal doymn2QAE; linpcad BiitrobBloon May#1084, mldgatlissé). r¥sUnesisdue t o

new y enmerged SCCrec t s not covered by the assa Heusser al ..,
At | i or BB e DR or i 1o a5 3G s 28 3PP EChB Bish 7RGt Hepe
appr oachy-Wigl Jf3RSoPRGeRE. | TRY lekiRtxBemfy o BCOinddii g BoiRiBhO@ith 86 hsortX €ide

different SCCrec types and one primei in the flanking St a%?y.l 0COCCUS aureus
DNA 1(0Cunof, at@scawhile thewi g extremiitylof SaCaec i9 0ooBigueds B4 g7 X Fide 9 adlRsPat ent

1529847 Bl).. Thi,s .approach is.al sg subjeci. t ) 14 ves..as. the
pr obabi I&@;etoa}{"ﬁ’lngBB%Pgngﬁedﬁ e’i@é@‘ﬂ@’ﬁi{ﬁﬁ?ﬁ %ﬁi%ﬁ Er#gr%gglér{glﬁnn%ggotsbi ng this
region. 288 hbinaldop4, 48, pREI0Y6SIaNREehaldgsBadtbEs]. 20T, 1 P@$RT6-VES3Y.

sel ects for Staphyl ococcus aureus using specific antibodi es and ma/gneti C
beads ( FFhipeppreacteinfess the poerenes ofdhe merd\igens rvmdhe Betertgyol theptGmpcons,
p254- 260; 0 t 1. LS '

St apnyl ceactlrs "iF b Eredhuih it il BriRRR AARARAC FABSELAL ¢ 10
posit3 vediyfetedetiped yf dERSAcadescribell CEsis bpygropaisis ialsb Isibjpctad falsd pasitivege®ddS. The
met hod 30requires a centrifugation step, and a separate,lysis step. t

recover Usdoihrpissicgef aCCMs0 6o t%%}rﬂ?é]"é Pty t ?/’é’ieF/étg%’ée %ﬂy’aeé'sagy s
target t PG SPORBEnlch o0t crEXibIRM EbridDobdL D 7a8d46) ink falsk V8o Aivt h&nuaDHUd dpes
and nurrejrbglus subt§/l|§es of chg}c haveybeenq)i denti@% ed and %hg potentlilal of
enmer genceevd enevgeSSTBnesypeypesoveehbylkhe dssayaditbiusicore! al. tAntgnicwd. Agents

2011/ OGOQﬁZPCT/ us2010/ 45%9 @‘%ﬁ' bl e that MSSA derived from MRSA m ght
retain partmgfer g > B c?ﬂ e without the necA gene. Therefore, assays
targeting the SCCnec right extreme junction with orfX are likely to %:eve
fal s¥ po0dTlve reshnohenpnproagRSnlidesangadinisENa segior af kigh heyatogy acossibet s

ith MRS | W T
cur rent SEERELECE Sitel TSRO BHipR e fishBE S AOYRRSs b BB S,
and may &ail. Glen. paictdbialllafeby2(GE UT:884 83 Adapoptian Plagent 1529847 &Xi).sThisappeech f or

a nethod and systemthat is fast, easy.to use, rel.iable d. capabl e of
det ect i ni§ 2RFUBISHCIArRlsnPPSIRS S8 tgRIP Ry Oéalfpé’%?%ah\@%% {Sjl gh\‘fﬁhas MRSA

from ot her I L @,oidcl uding MSSA, and/or MR- CoNS, or other
bi ol ogi c Iméﬁte?l{:(?g%%g@gggsa—gl JVWARY [ 0011] Enbodi nents of the present

invention relate to. systens an t hods for. deterpining if_a biological
st at7uss. i g’,oogi is nt {nﬁﬁbrae‘?@ﬁ?d g‘ﬁs e&élﬁfﬁ“é’?d : O%E&%&F%ﬁﬁf gorof. the
I nventl Og'ta%ﬁ‘ﬁo il Li8EtBirdOspReif® tahgshdi SCnddh A A8 bERT (MEAnoRS Rtk 61, hdiirfal
resi stant Stiaphyl ococcus aureus (MRSA) in a sanple which may additionally
cont ai n ofChmicall Micnotisisgnslatiare 260 pR§4-26ocuspanhatent { NEGAP4BRet it | 11 n
resist angpp(%ga%%ueln%cszﬁésr}gp§l’}aj|p}\{}?lococcus aureus but requires the use of three primer/probe sets

to positively identify MRSA and reduces the possibility of detecting CoNS. The method

30  requires a centrifugation step and a separate lysis step to recover the nucleic acid.

[0009] The commercially available MRSA assays target the SCCmec right extremity
junction and orfX. Five different types and numerous subtypes of SCCmec have been

identified and the potential of emergence of new SCCmec subtypes is high. In addition, it is



st aphyl ococci (MR- CoNS), and/or other strains of bacteria. [0012] One
enbodi nent of the invention is directed to a nethod (of creating an
anal yti cavor8tel6y222ncl udi ng enteri ng into a digi taI comB@tT@}SZOIQiOSMé&st a

(pLu(rgaI, ; éﬁg’le tg t§\4§$ die‘flve(g#‘ Z%gﬁ @L{e?@%\nptﬁg ?@%& e%negfilec i gusecond

geneti c gl gRBRLsLE - gherefo%say@fh Ainplthy QCCfn!éc ﬁ%htt dtfethel Jﬁlﬁk!ﬂon\bﬁthw are
associated with a third genetic elenent (e.g., orfX) conmputer associated

with a piketatoigiye Msemmwésesuannh%Wmﬁéd M;%%’\ and fafssmepaipigrespds vathi n
the plurglity of .first. in input value in the plurality
of secon@k{lS Wv‘bﬁ%e YGH%EE‘?&*/?#% P]c?b'tw /?&bo%?ue inthe plurality of third

i nput val ues. The nethod al so includes determ ning a thresho ‘Ld val ue

25asdoci [AOEY wi t h T, ewsrengmgtheds for @F%ﬂ@h?f%?@t@woﬂlﬁéﬂ & es using
t he thre a S and, sat

sanpl es, Oggusltnéféﬁrégm Ié&fblaerJS%T ﬁczlﬁatr %chgﬁ:pqﬂggs%ﬁngyﬁ ggrteﬁrgg spae?g fcélggfl ned by
the firshetjedetd sysenethanis fangdeashe mpﬁ,ﬂldblgenétapabki dietectinglefid eninegrrentlyi r st

boundary_space using the first es defini ng.a,second
boundar yligggshing aljologieaba@itish aucge%s?\@ﬁgg;gﬁw gther ﬁeﬂﬁeﬂ’?%?mamf ond
boundar y)/SRAC&54/84 ERE 8t &né nIPBLRhOGkEad status from other biol ogical

st at usesMgFOO%?% Alg{lfb n@gdl nment %f thel invention is directed to a nethod
of creating an analytical nodel, which differentiates a biol ogical status

f r orhOot her bi ol ogi cal statuses. BRIEFWOMMARY60222PCT/ US2010/ 056455 net hod
includes entering, into a di gital conputer, at least a plurality of first

i nput v asso

pl urali ?@Hgﬁ secon %ﬁ%mt\@n{s f%hsﬁ aieg%gﬁgﬁddj re&kfgggs@étg%gngd éngn%&g?)cforel enent
(e.g., fcﬁm‘k}mmagdf @buoldgioal sthwsti)s‘ ot Rirod prdfl;pnlltm\a&lam@E asacémb@iments lof tuet hi r d
genetic el ement g into a .digital gtg r. The nethod 5al so
conpri se‘@V@?Ué’&tqaﬂée H@Ctéﬁl t%m@thop,tx%crlwgag ?técwrﬂ I FESISAnt] east t he
plurali ty, of léﬂfgl)rcéﬁs du?&ﬂ AFS 20 ?éWhi%ﬁ%ayta}aﬁltﬁ)%ﬁwQoﬂt&lﬁ%etfﬁ@ﬂlﬂ@s

associ at eé Wi a secon genetl c e grrent using the digital conputer, and

cr ealts ngseasitioeiSthphylos@aoeairouns (ﬂ\lﬁ&gzb) memlgckﬂal reststﬂnUSOagglaﬁgn@gﬁélV@ne or nore

i nt ernedi ate_val ues,_a | nput val ues using the

di gi tal teRRyincarc (%%HB{#)}{F&‘B@ g&f& ?&FW 1?38 dates the biological status
from ot her biol ogical 10statuses. [0014] O her enbodi nents of the invention
are di rekﬂﬂéll t o meOhedwbédimensofithe tventemisyiteetad tndaethpd{sf giepting conput er

chi pe. artionaiaryooLioe MO A BT RebRle s AETRELET B0 RRC, TREN, SEARLABulorery

[0015] Th@aﬁ@es&@&ﬁiﬂtéﬂ?mtﬁaﬁ& g@ﬁbtﬁc demeitheg., aread] znielntasuy i decombingesalidsed i n
nore 15detail later in this disclosure. BRI EF DESCRI PTI ON OF . THE DRAW NGS

[ 0013 Fi gsewdated shidvissesord gnehaplement (G -rfami gendrie uradibsok tird iyt ¥3Hes ng t o

one

associated with a third genetic element (e.g., orfX) computer associated with a plurality of
samples. Each sample includes a first input value in the plurality of first input values, a
second input value in the plurality of second input values, and a third input value in the
plurality of third input values. The method also includes determining a threshold value

25  associated with the third genetic element, separating the samples using the threshold value
into a first set of samples and a second set of samples, clustering the first set of samples in a
feature space defined by the first genetic element and the second genetic element, defining a
first boundary space using the first set of samples, and defining a second boundary space
using the second set of samples. The first and second boundary spaces differentiate a

30  biological status from other biological statuses.

[0013] Another embodiment of the invention is directed to a method of creating an

analytical model, which differentiates a biological status from other biological statuses. The



enbodi ment for forming an analytical nodel. [0017]Figure 2 shows a di agram
illustrating femA vs. necA in two-di nensional 20 space above and bel ow a
t hr eshol AWOaPUQ68F220r f X accordi ng to one enbodi ment. [ 0BCBUSRYUOESHSBA and

3B show di agr.a jllustrat.ing femA vs. CA,in two- .di sj onal ce

socor di igege S densbiihedn Y T cERaalE e alRaf RRLRPRRBE T at i ng
the st epgséAkeNwiGeHdi Qfheli®clRRRnERRO .,dhé'ﬂﬂ)}a?ﬁurdlﬁ%ﬂﬂse@ﬁnc&ﬁ@hb’ﬁdl@@l nodel .
25[ 0020] Figure 5 shows a flowchart illustrating the steps taken according
to one edesidtadmithfagecnsk ganatic elamantiesst.ifem) nivd e pluaiitgof4hird HpsE Halussat e

val ue. [0021] Fi gur e . S [ ok [ S.
S R S
embodi meslo cor¥ise9 kaBBDBR2RCAISTROANANEE 45lhed QARPIHegputhe plurshigws fastdi agr am
illustrating a nethod for creating an_interngedi ate val ue and ushgﬁ t he

i Rit:) er medivarivalugs gad @ epst Srasreend WPRT whyes assostHRddRIty 2 syrond SERUSS 'to one
enmbodi - ' a di ' i ' iRt e
value veing e L e A R e

[ 0024] Fi gher @ rork lihtestedidte salachmdntiaplprappobthas inpdtoabies osing theahgital

i nternedi ate val ye vs. SCCrec in two-di sional space accordi ng.to one

enbodi mefRTPYH0 BOYRIaEY $RRCE e]glaﬁffscfagﬁlg:lqgl?ah F'if’r&s Rt ﬁ&ﬂ’%i"élgs t aken

accofi ng,aee embodi ment for using an anal ytical nodel. 10[0026] Figure 11

is a block diagramof a systemthat can be used to execute various

enbodi ne DETAI LED DE | PT 0027].Vari ou; | i e

syst enms Q’:‘?Z“lmat ho déﬁ'feapml g(ﬁme#s%}‘ r%%e nodntioR ar Hl%ec?égj&%gﬁgéssfoghﬁﬁé%
analytical models as well as computer readable media (e.g., non-transitory computer readable

media such as memory chips and memory disks) and systems that use the analytical models.

[0015] These embodiments, as well as other embodiments, will be described in more

15 detail later in this disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 shows a flowchart illustrating the steps taken according to one

embodiment for forming an analytical model.

[0017] Figure 2 shows a diagram illustrating femA vs. mecA in two-dimensional

20  space above and below a threshold value of orfX according to one embodiment.

[0018] Figures 3A and 3B show diagrams illustrating femA vs. mecA in two-

dimensional space according to one embodiment.

[0019] Figure 4 shows a flowchart illustrating the steps taken according to one

embodiment of using an analytical model.

25  [0020] Figure 5 shows a flowchart illustrating the steps taken according to one

embodiment for forming an analytical model using an intermediate value.

[0021] Figures 6A and 6B shows show diagrams illustrating mecA vs. SCCmec and

femA vs. SCCmec in two-dimensional space according to one embodiment.



Methicillin resistant strains of Staphyl ococcus aureus (MRSA) in a sanple
fromneasured 15 anounts of genetic el enments such as necA, SCCnec, orfX,
and/ or a ¥O2pMI6BRAccus aur eusspeci fic target gene sequEREASIUSRSESS femA in
t he sanp Some epbodiyents of the .jnvention determne.the presence of
VRSA | n DR Sanp! R ByvaTy S Sireren e § el Gabe i EtETER

pr esenceyffe MISAINNER irt&iehdel€ ci188waTSITMES to@Fdale 4 BolRbBV¢pacd ducesingd @

val ue and a second boundary space to determne the presence of MRSA when

t he det eoteceint@imemsunt of orfX i s above the threshold value. Q her

enbodi nents create an inteinediate value fromat |east necA and the

St aphyl o@og3jus aur EigresPgivisiacdii@hgaliugenag ae uenediandalus es. $Qiomedar y
space to determ ne the presence of MRSA.. The boundary space can be defined
usi ng t hevo-fimengieaplspacossrerdngda oseembediniegb28] Al scientific and techni cal
terms used in this disclosure have neani ngs 25commonly used in the art

unl ess ofolb24wi se sPigaiefd glistrass ais@chdary dphcsasti Sottogurian inteemédhiealuagyswor ds
or phras have t he neani ngs specified. [0029] As. used herein, the term

" sanpl e"§égn’t§§é‘6t"f%dﬁr‘fe§s‘ﬁp SRR AU tooRg CP%{@@%&’“?O any type of nmateri al
of biological origin, which can be, for exanple, any fluid, tissue, or

cel | . Fol00@%lanpl e, Figusakfihews arfldyecharthilestroting tie stapgitaken acgprdingoppe, bl ood,
serum pl nasal .30secretio rebrospinal fluid, etc. Alternatively,
a sanpl ee@$@8nt%f?ﬂ?%@ E%Q?Ytécag?mﬁ?elssues, cul tures of nicroorganisns, or
any fraction or products produced fromor derived from WO )

2011V 60@926ICT/ US2Bizaraobsis 3loskaliegral afystem;thatoan Op tpghiaI xgeula vays| e can
be puri fci:rﬁgodi @ﬁtrsi ally purified, unpurified, enriched or anplified. [0030]
The term "genetic el enment” as used herein can refer to a subsequence in a
genone of interest that is useful as a target in the nethods of the
invention. In sone enbodi nent SDETAELED EifdiRIPTéONnent i s an open readi ng
frame or gene, such as, for exanple, orfX, femA or nmecA in Staphyl ococcus.

A geneti ement al s e a _mbil e gepetic el to such.as the

St aphyl o@ggk s casgg%{?‘és eéﬁqogiﬁﬂglggrgf“%ﬁ%@_efnsmd%&g%; oy 1¢?§§fy?1hogt conpri se

the mecAveenSilin rebid@addiras dFSREhRICBEds autclp BVIRBA) U8 sariple fen adeysised t abl e
val ues that can be associated 10 with, for exanple, genetic elenents. For

exand e, amagnis of/ggngte clementssuch asmpesS Gomes ioae dnd/fh e Staphylogecqus pysts-
genes. [0Q0 As her ei " e" efi ned by
a "bound? re?/ﬂcl}%r(,g? g%eﬁlg'se(ﬁ‘eﬁ%)%%uﬁ aF y&#%g@%%osﬁ%%geansﬁg@%ﬁﬁ%ﬁwgﬂngﬁ ?}:}g:l function
that is msestidnodetaingnaihe preshgdchdMRBREAEn it aspdehratsng wifirdt bautdany emgice &

t at i t iated with i ol i | 15 ) f ti
e be ofeamEne fhe AR T MBI Watthde SEReted dmeyeLaat Fspelny Adpehad "of O
| . .
neura n%lg@ %Ilﬁ?a s&e85d b&g@ﬁg’ @{]ﬁe to%e@eqr{%%’tfﬂg ?fééeﬁdénﬁtl\}lﬁgﬁ Wik Bt 8Qected

represente y any sult ape or ncluding an ellipse, rectangle,
circle, amotmiefbifXeis aBounttathyreshohtvalonsOtimy embesdimsatsrceeptd ar indgrmiediategul ar i n
shape. [0033].As used herein, .t terns "SCCnhec" "$ C .sequence” an
S R e e T D S

el enent  KROMWLAdaly\Bacd! BRIBMHARRGRISreS@RE BF MRSAI THB S8RIary\ia6b c&ilsd | s the
mecA gene and 1s inserted into Staphyl ococcus sp. genone as described in

lto et aflefinedonihg thainterinediole vaheeandsSChwadt her . 45:1323-1336). In one
enbodi nent, SCCnec is at an orfX junction. [0034] The SCCnrec insertion site

is referfmds)o as AdrdpntiBShad tBBEical ternstUBES in this disclosure have meanings
25  commonly used in the art unless otherwise specified. As used in this disclosure, the

following words or phrases have the meanings specified.

[0029] As used herein, the term "sample"” is used in its broadest sense, and refers to
any type of material of biological origin, which can be, for example, any fluid, tissue, or cell.
For example, a sample can be a biological fluid, e.g., urine, blood, serum, plasma, nasal

30  secretion, cerebrospinal fluid, etc. Alternatively, a sample can be cultured cells or tissues,

cultures of microorganisms, or any fraction or products produced from or derived from



25application. The insertion site is at the 3' end of a Staphyl ococcus
aureus gene referred to herein, as "orfX" . The chronpbsomal | ocus where
SCCnec i M¥Or20114140323kes place is referred to as "attBsccPCT/USTHO/OSHET fi

sequence .at the insertion site is referred t fé{uer . as the “orfXlnsertion
Site Sedﬁ‘é‘ﬁ&’éal(%?tleﬁ'Sg}mo%arﬂy’ A PRRIE CaR ?Burllfg ’Bﬁr.%aﬁ*ﬁ}]réﬁ%dé(ﬁﬂ@%%@ed?s known
to be aej;%igm&/o%ﬂgﬁ{eﬁed sequence in Staphyl ococcus aureus (lto, et al.,
Antom cro Agent 30Chenot her. 2001, 45, p323-1336, Noto, et al., J.

Bact eri ol 8,,190:1276-1283),. [0035] .After rti '

or f X- 1 S%Pg{'(ﬁ cte%g%eélﬁuwleﬁeﬁ%)ﬁflIl"g%dgt%:%%lrsl C%Feef%rg ,8%tsglé&g&%§y§2n%g ROrae Pt e ty
junct i onnfep@t MRt isiséRl & 4 Rekd & Ms ndBRAs E tianidvéienr bgkimewxhbedinteytsj thact i on
region is referred to as MRSA-RE. In the |eft extrem’t?%j Cfﬁig%:,,b t he
SCCméc  sAOeioalemenias 21 PoSTY 168908 (RS eA BN sHtledfe £Tic¥ 2B P%%o FRcthe
non-orf X si f Bsc : Logh 1l i 1981 :ToS
sequencemi%lst%%gg%c?géﬁ%u? ente hé‘? lt%gl%%ﬁi%’ %llsg)ééc% ag%%gg%ic%}%%&gﬁu)% | SS/ att Bscc
regi on iStaslggcdocbectabdeitd eh@inlosbme) SGCeibc,abhick 2@9 by mApmottanine thgmats
Chenot her. 45:1323-1336; Ito et al., Antimcrob. Agent Chenother. 2004, 48,
p2637- 2651 Noto, et al., J. Bacteriol. 2008, 5 190:1276-1283) and in U.S.
Pat. No. 56 inOfinhi I Bal bR RS ek e5iEPE ssbgheiin. | f

t he SCQT@?PﬁHSé?? %%n@réln’né?ﬁ%rvg@eeﬁt@a%/ Rgg%}f%ﬁi)i(ﬁl %S/ attBscc region is

uni nitder rwiph,efdr exanpld@enetioeléssitat FBsxempleyinput vauesdanbiefGtealugs assaeiated

t hr ough an anplification nmethodol ogy this indicates that the SCCnec
casset t 6PARETINYE 1EEL §°1SSsert ed. Lack of anplification of the
orfX-1SS/attBscc region, however, does not indicate the nmecA gene is
present . [0082]i s Akmesshhereing hébavpdxygewre” camboa spassdetpgdhy ¢ h@“@%@ﬁ&‘ec cassette

b | t.ed, .4ITh [ - ' Lhineat i
of e oPRoLrer st e AP REHCEERD Mo, RIE A BB

"ol i gonugh@pér dher' isiassodiarddol @10t bibtogicd] yrmrs drdvnaigstostatal withnebinlogicabt i de

subunits coval ently joined togbet her. O igonucl.eoti des. alr . general.| out
10 10 abuts. 180 UERERISIBS), berrieaed BeAmSgroae ryrneac BRI AL Sl « o
may be rﬁs@%ﬁ“ﬁeuﬂ?@@i&ﬁ%ﬁg?@&t AR SRIEL! %uﬂﬂr&‘ﬁtﬂc‘t%ﬁ§mﬁg%fs@@épr@ééﬁtbdf%ﬁ/ e,

The nucl eotide subunits may be joined by I|i1nkages such as phosphodiester
| i nkagessuitabldishigcor linekimgkslingrankejlipsenrentanglentiicle ontliedikce Boundarydundiions
pr event hybrgf'édi zati ?n of the oligonucleotide to its conplenentary target

nucl eot i WaY 58 he reelargh 4is 1§ P¥PS&ges i ncl ude those in which a standard

phosphodi est er 20linkage is replaced with a different |inkage, such as a
phosphor W0B3loat e | Aslksagidhereinntbe kaymg i8S Psaat ¥CEMEK sgplenesy’ ag ReGErEE pepti de

i . Ni : I | f
of | oRhuct et Taae 1 e aramanes i 1R o Sells FOMRRLERME Bk e i ¢ aci o

i's a nuct@pkylasicdusoarmiieshgnssohRl Fhichruglesitice et Al gamgarins enseAed tndo get
nucl eic acid sequence,” "target nucl eotide seguence" or "target sequence"
i s a spebiaphyloensenssol. Bemres totaserbedrin i ot ph b é&f‘fné‘gog-eﬁgf‘é‘g% hemRfeTcan be

hybri di i i d h in, th
Larm + pr b2 S B Gt B R e a0t hybr 1 @i 21 ng

t t t | ei i f.int t.. T bri di t . X | t
of the- pROBI bi ni B ShE B EHRI SEH I acs BARHOTRERes BafBet nuc ei c
aci d)of 5;?}%11%%1303%. C’Iél+e|t inribn 8% ijf?xre?t ARCL YS 1AMy 1Sedcbhfiréud dehe refkdred foat

probes w y substantially bind target 30 sequences | acking
conpl et ehaeimphefe ar Thy clwontosomel lorebehae §GEmess ideaperniiakes Ripesis t¢ferred

stringency qof the hyhbridization condjtions..The probe cl aed
with a sif %Saﬁftésqcab‘e&{‘?)?pqc kfostﬁfl‘é‘?ncﬁﬁt %]F)}ns%tl({nhsétte % Eete%erf)% gll%fea?r?]%ﬁ? héar?%f ore

i ts tar gfldrionsil&ddRe (X85 puUs ‘aiBshc dmRarsgiRd” anty Lhudida kioxed be WO
2011/ 060222PCT/ US2010/ 056455 [ 0038] As used herein, the term"priner" refers

. p

to an ol pfighlictaseived sepierceis Sanhytocaeys arrsua el & §intMrigmicroly Agenber
hyrbridizes to t enpl I . ar nd is
ther s or Ehembfiet d00 hAT BELF1 Y R oL 2P B Yo TR AR P P e
sane manner as that descr.i bed for rzarbes, above. Zén PgR, two pri r@%s are
used: a {G03Pharftesprseriomintohe 01{%{) e jasanr AP RO ORMSAURAS B and and
a "revergg Rl ek "ext%}ﬁ)itty f\%%&ﬁe%%n is referred to as MRSA-LE and the right extremity

junction region is referred to as MRSA-RE. In the left extremity junction, the SCCmec

6



hybridi zes to the anti sense strand. [0039] As used herein, the term"PCR'
refers to a technique for exponential anplification of short DNA sequences
(usual | y W0 200/060222bases) within a | onger doubl e strand@6TONIHOFEEUI e by

enzymatic replicati.on of . wi t hout .usi i vi organi sm.10(Mul |.i s et
oY VBt HSaLTRR st Shoragrith th Bonseisse obgtibee 1t OF rRbtash i pidt ot
technol agh 6 é@@ﬁce% eshtidlohd@itR HRSE L -sidd\eatiB . and ne 198/hiBaYIoH O

t hose of ski hese nethods include, for exanple, Ligase Chain Reaction
(LCR), Nedksribed\oi disaiSedirestod (828l dntinptiobi sgaritoah¢maBeaf>:1823-4A%0; Ito et

Di spl ace t Anpljfjcation DA) r ansecri-ptiagn di_at,e t i ion
(TMR) , -az‘élﬁgﬂ YM¥%QE£‘8W§§VT'(ZBM= 8%@7%}%%%%03%’3' @‘rgr%rli‘%li %@ttgi on 15
Technol ogy). (0RGATR3) IROAQT.ASPAISKE. d1E362507, b ef tvdidi arReRbrpbrared BCRferesdeer s t o
a type of PCR where the anplified DNA is quantified as it accunulates in

t he readtargn. Ififhe SGCmdcripseatiands nebpreseafihy il ISP GBS (eI S Pt TuRFed.
Genone ear.ch, 6( . - . ) i or
carryi ngpﬁ %hetoréggﬁégﬁﬁ%ccﬁ%%o g?sgﬁ\?\lzt?@dkaﬁ?qw@&?%% ':u ﬁgfsarégfél? Hgﬁ%{bﬁ%@&é&g@%m y
20used nmisHadiciiss thaeth SO @ssaty hased been Msertdd. J.acRatf ampbScaton2Ohe015;
5,487,972; and 5,804, 375). O her  Real -Ti.me PCR probe chem stries, that can
be used R ISNAIBECCTERIORAAMEVED HRET RGtandicate Hic Tiehéd EEReTS Brosthlr L1 KBYSR ul ar
Beacgps, i | %%}l‘ . i X THuks RS SCChnec

Ecl iclg)ge(trh ?Y&gﬁﬁ EF ? %ﬂrrg fe0§§3£r%egé r _Cﬁg%?@%s@éévgégévﬁgé Dnls?eergﬁld?(ﬂ me PCR techniques
see Bustdassette cah stjll prevbibt. anfpidiostiomof tB4 oY 7ZISSGtRs2OBF)on v6h doht]ahsenge el
herein, the term"nultiplex PCR' refers to a type of PCR where nore than
one set lBf"'c‘éprirrers is included in a reaction allowing two or nore different

targets to be anplified in a single reaction tube. The term"mltiplex PCR
al so ref B036}t oAa "Pisowisksotideruis Rinprleoiidd pravmenhating Wisey nagre nysleetidfut only

one target is a ified. In one od| L the I t

pr esent ?“&?\%ﬁ% ?Og’ﬁ{epéy éonfleeda‘iog?l %%%h%%%ﬁf% A%éﬂélsatély %rl?gzr&ell%ﬁl,g aggutblltbgl ogi cal
statis” fRYeotidbat Ehd Mgar @atpd sfth@hudididegubalits st e rifosa, dearyplimsderi ved
fromany source, for exanple, a patient. In npst cases, the bial ogical
status repgified dedvaitves therco§pudhos QMe. dhappeeetiipsupwals mayhs joined byr

bi ol ogi c BRYS : i f IS ; ieRts cel |
assoot at Bt ehieg bRLsp RO RERk A Ag ARl 1 RR88 4 HE O I e b s e s
bi ol ogi ctaht &t witypseveryhieidizatibn af empigenideatidape its esmplRBAnfanctaeget a, whil e

th bi ol ogi cal st at ) be that .t | e. t i VRSA
bact or | AmeIePIgE REHBKAPAECY {Red ST oh AU gt BEEBPOTEHER her or
not jfe ﬁﬁ&{g{s% SPARE] RRR 2CRIGSAL 16RhES -su&l?%ﬂ}g@%k&m%ﬂt@ﬁ’ﬂhg@fa t he

invention relates to an assay for detection of MRSA in 5 a sanple that may
cont ai n MRSAIphvEDanateRinkediSor @ newtdh peptisiedinkage . Nitagernusdaseansogsiaiso may
invention can utilize.a nmulti.pl ex PCR.process, for sj.multa iwf yi ng
and det e‘gec FHPURS PH%‘W"{?#%}%WIE‘WQ&F ¢ ﬁlgletthg .mV[GBB%] éc%ggééi%lr%lefco% E)dne
enbodi mepty, nicltee 4did EddpridiP fdrg@utRicORId $jlence. Meastgeetudiic i sifuidnce,”
threshold cycle (Ct). For exanple, a defined signal threshold s determ ned
for a 10teret nusteotide Bequgned” ez Sreet RRAUSDFRI & 2 specalycdeoz yrignucleatitt Ped to

reach. thi.s si gnal resh i . f & acid as
wel I?Sas ?@?nuﬁ%ro glg%%egﬁlgéceg[bgsctagr?gg‘&%%%ﬁ%i ac&gncélg&ﬁeﬁfﬁgﬁg%sc o#ﬁ%(gi(%'r relative
copy nunbers of the target nolecule can be determ ned on the basis of  the

Ct val uel03Bt ai ned/sdse ‘_?lflaﬁh@é?mhﬁ’é?’ delsEs g a&é’h(g_B gatige gueHHiS PRk ence
it el P A A b e T 065 for a
ful |l di sprebsibondinf thtdughCompidnumtarybese pagring to a target nucleic acid of interest. It will
be understood by one skilled in the art that probes will typically substantially bind target
30  sequences lacking complete complementarity with the probe sequence depending upon the
stringency of the hybridization conditions. The probe may be associated with a suitable label

or reporter moiety so that the probe (and therefore its target) can be detected, visualized,

measured and/or quantitated.



i ncorporated herein by reference. O her mathematical approaches can be
enpl oyed which allow for the extrapolation of the initial anount of a
parti cul aWwotarifwed22dene based upon the indication of a pPEIASHROKNSSS set

t mb i fied duri, f the identifi t hods.
207 00451 PASe  erbOtiHATEIINEE rBoBATel oeT oo a5 EPRE hod o
det er m niagid K84 RRARC e pfimVRBAbLHBizEs ®ARPItplgatidondt &&?lﬁ@%&xﬁa@@

subjecting the sanple to real-tinme PCR for a time and unde ions so
as to garereg adds tevefbreofsed tapinitiate tie ireplicplierd udybridhzastenjoscws i theisame t o be

detected by fluorescenc nd s indicati LNt vel o or nore
VRsa- speBifics ) TPERECREg B pOe T ah dvo bl piEh s FlradRe

enbodi megHimert' iert adalllingBiid@es lokhe sungelsitad antl b révesetpriafer pthangpially or war d
and reverse) and a probe. The probe nay be | abeled with a fluorogenic

r epor t erhybsldzes fethgniiseasesstragdd and a quenching nolecule at its 3' end. The

quenchi ng nol ecul e prevents em ssion of signal fromthe fluorogenic
r eport er[0089]ecul e. Afhedhecdig, thy i dPLRS refersao ragihmnyueffot éxpohantpét sequence

bet t he, i to which the f d .pri 3 bri di .
ne e S ALRO PR A Re SEvane D AR PERet Rt BBt e R or 1 di zed
the 5 endn@id bRA RORREEILS e‘ﬁkﬁﬁé[tﬁf’reﬁfiéaﬁ?ﬁ omlw,@wmuﬁﬂlgﬁﬁgea Bfihb bidanisef the

pol ynmerase thus peinmtting en ssion of e fluorogenic signal due to
sepdlat i @Aulb$ et AeMglheds Bhrgnetol W7y 155:985-30)1 10be0222PCINPBROAION056455

100471l n eci f.i c_enbodi S, the.probes of the.inventian LSe
dual - 1 AGATEI SRR G S L o B ARSRET Y e ESReh AR By i Thb

(f1 uor ophetheds ABRdE fbF $@MAIE aNEaseCHaRRédct 6 ESCR))NugLen Abiels Seplddee BasedThe
fl uorophores of the invention nay be attached to the grobe at .any | ocation,

i ncl udi ndmpHEcBiondNASRA), Stred Bisplasameriysmplifiation (ARA)+ bragscripbpn Bladitsd ni .
| A . . _
2t t achec Pt PERoa TSR BiaedE bRk ccliforbed (MACRPAR ROnG CHR RinpBiGution,

of flsuorpghasiegy (RCATYe, but are not linted to, FAM ROX, HEX, NED, Cy5,
Texas Red, Calfluor Red, Cal Fluor Orange, Quasar 670, Quasar 705. The
exanpl eS[So@% quenchgg ﬁséd'}fé!ré[-lﬁ‘%let “ﬁéeﬁ—"]{}lﬁlte ACRN feflls 10 tyh OVPRER WhRE 0! €
quencher 1, BHQ 2. 10[0048]In another enbodi ment, "the invention

provi desamplifistdHON Afie quateifedtas migpcamduldies in thgueashiongn MRSANE e ¢BBA, MR- CONS,

or other bacteria utilizing athree_target j\n the target
Cant o ra Heesgrie LG “BangereneReerns R BN R A A Bt Birde: e
MECA gengcaRAHENE cardyinh BRNNEAI0HE PE FOME QHSHIERNGI thitkost AF Gl TRREoEREBILNCE,
an SCCrec gene sequence, and/or orfX. 1n a specific enbodinent, the

St apiy| oesed cnathalis thesTapbai® pwsal brearaet Hen&al Nosehl 0.0 K518 T3¢ it i ons
bel ow, f Ls..often . expli.cit nent i oned I
our ous. st T g HRETCR BRBE SROSGAES dt S be PR AT HE purchased

aur euss pasrheiallgigaid JERET PEaied) 0asledBy BdasenshBcarpival priteas®lj Agiplidusrar i ous
enbodi nents. [0049] Sone enbodi nents_of the_invention are di rec{ ed tﬁ he
f or mat i oPriBersBn byt Pamprshp delirse@s prd UNimate X5qbef®. (lqr agpiewiifa-b8uh gi{y

spaces, as H@l f lzgal els. O her enbodi nents
of the i%ven |égr§9§?%§§}#§2’fgd\@%ﬁ?ﬁ%@g¢ gg.t5?§gog%dﬂgze of anal ytical nodels
t hat use at |east ogne internedi ate value t or m.a boundar ace. Yet

ot he?® entf8dllent s PePSRINTINEE Hots nF‘HPPI%E%E srgteFF QfaDe Pg%éﬁr’fgﬁé? WOl
wel | as i i : : . b
floscr  he Bt D B e R R R St b

~ boundar yarsplaftelsin 251306 tdhFliiguiube. Thetoms “@aultipbasdaR T alsqvifers to b PGR wheres st eps
that can be. used to build an anal ytical nodel  accordi ng,.to an.enbodi nent of
the i nveWPﬁB’ e_.prllrﬂeré@ﬁg p{:(g?é@’fe lfsﬁ‘i%‘é%%q¥l9?%%fgeﬁ%§aaéﬁlplgl§ T BenAY (l)mec:flet{rtg“ram ne
whet her  MREM1ESPOR 88 Hlprédinfins aiings a k032 LLCRE ep 1000, a sel ected nunber
of known sanples are subjected to conditions that expose the nucleic acids

of bﬁft efOiOQZf nt heAg %Q&f ﬁae%ein,l f“b%gl@icgf@&gg’%% telatd t&QBMCular biological state
of a sample derived from any source, for example, a patient. In most cases, the biological
status relates to whether or not the sample comprises a particular biological entity, for

example, a target disease organism or patient cell associated with disease. For example, one



30sanple is one in which it is known whether or not it is associated with a
particul ar biological status. For exanple, a known sanple nay be one where
it is kno¥O20H&WPE2 or not sanple is associated with NMRBAT/UPREOHNIAN

sanpl es .can thus be used to build.a nodel an det er.m ne whet her

oo kALY BeAPE S ot S weces M PR T Bt b BioiEesE a5
[0053] THeLEmaY 8e MBRhetafh®s @tk nhBdIIrREe MRYASLEENE B &BSR:@mpEsc@Bdi tions
t hat expose the nucleic acids in the sanple. For exanple, cells in the
sanpl e nuglogisal statpsimay cdaigitegrheenet not Krrpswmpleedmpreige sanceheellucl ei ¢ aci ds
may then be denatured by, for exanple, raising the tenperature of the

sanpl e tjposypar at eOfd é@bsEimeht stk Riventasi idBitesSh 0 ddhAforsieafptidh) dOMRSYein
characteristics (e.g., relative or absol ute anount or amoun 6‘%]( expressi on)

of at | easpmplethabmey ceripin MBRSAR MES AdR-CoN$er offieg bactesia phppedigicatyof the
aur euss L f4 EAPER UBAS i I jng to
one enbgggérrrgir? ,Cta?lri]lgﬁ%%%Igﬂ%pgcoccugﬁgic&?%@é-lspe%? |gl){]a£?pggle Sﬁgdggg‘%gg%e i's
femA. Thensimtenrdmyuldplefiepent ways to measure the anounts of such genetic
el enments in a sanple. For exanple, a nmultiplex 10 PCR process can be used
to nmeasupgsdne PCRALNGESH@ SnShbSiitbht) théahidgl dRburRBE tird ATHCA iOheddifed
measurenent.” [0055] After "the characteristics of the at Teast three targets
are meashyrtad PCRafhursboldsyolei(tle Foniexdmplhosdefinhd sigoeldhieshald és drigrnbeedsior ar ed
intg a digital conputer. tail.s of a | ary .digifal. c. er

pr oaiodeoregcéioéw ?%Eéi?/’%\eidi' URRSE Oéﬂcﬂeézéﬁggq%%e\éé%f &Y fégnigl%fq%# 0 ef}hogéggl gi tal
conput erddidinand o tlealget MRMICkcid h§weRAE f@ et dRBbS stabdied vatltie sicidayrhee
entered into the digital conputer automatically (}%. L t hrough a data

connect i Bsolués of rplekie eemyEmbested the tangrt nelecalelant grparedon the Basgsy of he
data use [ ] i : n sonme
enbod: mete £ VPSS abOE e OBk a0l SRBUBN (il flee L OBRAL, D07
20f i r st Den€t vatueisemmrihvdreelgpropartidnabio thaagetntf cditislsaryeCIANA, aeqpHendat i ty of

second i nput val ues associated with a second genetic_ elenent. (e.g., a

secoid talr b6, Ggrema S esearal O QP oot G LReLsiBR of Her'd ‘iaﬁ’ﬁu‘?hlﬁ]gfsugs

associ at iﬁgc()j;%ltalﬂedanefglah :‘3? r%féﬁ&é. CORleR Hﬁﬁ%en‘%ﬁcﬂ;appx%a&l&‘s ledn baeaployedGhids orf X)
e gita The f

are entered’into t conput er. irst, second, and'third input
val ues aalbvabs tied attegdolatiomof the ipitislrambduny obd ptiowlar wegep Bers. baBetwpdartbon

sanpl e incl udes first i.nput value in the 25pluralitf first i.nput

val ues, ]é‘ﬁ]scé%?fh E}Wﬁﬁ?te%flg‘gsqt ATOHRE %IIWFEW ?‘55/“5651?3 %rggﬁﬁ%&)&ﬁ&ﬁor\?ﬁf@ges, and a
third i njaukeifydl Menbds. t he plurality of third input values. The first, second
and third values may be & values associated with the first, second, and
thirg ge ic elenments. [[0Qh7] At .a_cal. l,gor i be applied
to eég)ch @?E@he rreg%uorngcf H{bé)(ralgrlégfné’ thé#}feg?#tgé\g tl@? %ta#('aecﬁerc]lggm%‘ ngé;fr;rr%chfs] The call

al gori t hget@atiningie: poyenselbf MRSA aonhiniaé,iseid méthddcomprising subgersing e sonme
enbodi ments, the call _al gorithm may include one or nore of the steps 1030,
1040, 10%0wlaindealgsne PRy atisreandindaiconditions peacomsnaats olsve[Bos8] At st ep
1030, a : i j LK L : Y
e e A S A
manner . ihdial WOePEFIohe@®6 0222 ROINP AJSREI ¢ Obget S&quereasph ¢he sampdone enbodi nent s,
the threshold value may sinply be a discrete value such as "45." The

t hr eghol fbg!é]' ue ey, HAwRr BEBBARIAY iHRuUshYliftieh 8bondh@ed Wethdi @t d@prik&@FPUL er
and stored in a nenory in the digital conputer, or may be entered by a user
at about (fotverrd amkreverse) drtdat probe  The obe mapbeatieladswith Adlugegenid repnsist val ues
and the Itngiercglela?ﬁg %‘ e‘ﬁ%'a%ﬁ 2 q%rer?ch?r?gt r%rofae(cj:ule at its 3' end. The quenching molecule
prevents emission of signal from the fluorogenic reporter molecule. The probe hybridizes to
aregion of the target sequence between the regions to which the forward and reverse primers
30  hybridize. As the polymerase moves along the strand to which the probe has hybridized, the
5' end of the probe is cleaved off by the exonuclease activity of the polymerase thus

permitting emission of the fluorogenic signal due to separation of the quenching moiety.



5into the digital computer. [0059] At step 1040, the call algorithm
separates the known sanples using the threshold value into a first set of
sanpl es WO 2811488232d set of known sanpl es. For exanpl e, PCRAISBHNI0S@SHori t hm

the fjrst set of k | th d set .of k
sao ob B0 let o m NG B FEROGTRI e L PANES S5 UF QM AoE ARSSREPESYARle and
whi ch sappliesnidbhentOpRbeyed éstri]x(tfg £8h&eskoMbdeprter! (fhorebRare) MR ¥ fludrbscehie

third genetic elenent is orf the threshold is a G value of "45," then
the firsir rostfluvieskenh\anendepinetecigy Tha feomphores gé thefipyengiph xayfbe|aiigehedian 45
and the second set of known,sanples, . h es. : eat er

t han or tﬁaﬁ%ﬂbe aWSI.O ¢ t%ﬁﬁcﬂ%lrg)té%%fg%%‘fmsg}llfee&?%ghgsa%ﬁ {e%gnagﬁc};‘g%%%ar at ed,

t he sammkgsini. Nintdaeniiodshegef tefintasidaphe sluafophelewwntl guetthenara aftedicd tethepace
defined by the first genetic el ement and the second genetic el eg)ent. The
first and 288aotumaof gfe pyabgpresreckHuglybd he pxanRieeel fypraphpreineHee-duhditner |

For exagjg):t %md'{e %o,fﬂmt R?)gi, I—ﬂ{X,SI@ﬂB! e?S,Wapﬁecpl 164 R g&‘ﬁ“hgir TRAsonal

space defined by the fi genetic’ ef €ément and the sécond genetic ef enment.
The secaaasaet70)Quasd0es Timyxdieplpd of quedcliens invlndeli vt A o dimispace def i ned

by the first genetic elenmenf an e_20second genetic elenent. This is
i 11 ust r at ANARY BBF %ﬂ&ﬁ%@erﬁﬁg’@‘gﬂgﬁmi ch shows two plots of femA vs.

mecA for orfX <45 and orfX >=-- 45. [0061] At step 1060, a first boundary
spad® an@048]secondnbootidacybefiawet, Hredndettionetovidessi methoh éorfdetestingpefl second

G 11 or erfirdia g GRS et s - oNRooRberRRERER PG R RBRE T g

2, the fyn&tindhandsSeGAHIh RAYBEBKYMPIRAE LSS clBheUB) asedeh kiianses, infld@62] The
first and second boundary spaces can be determ ned I n any suitabl e manner

and can thawecArgens s¢quahtce aStupbalocpenus awsHpPReC iGfamsheensfEatRRR s CORes
st ﬁggetnge’esg(&%glc%%gg ROMS RRE SRR eBod ich) B %%{,p@lédoea?ss‘mrédg-s %é}ﬁé

oundary spaces cah ectangl es, polygons,
par alsl el epicpeelr,is BmA! MethesapisionShelbw 3nto isnden\expiidde senginndseasdbe¢ er m ned
and optim zed by neural networks and ot her ogtinizat'o al% rithnms. The
first andfeRBHeIIECHANEEHErSPeafa tBEciERRC FNATGS NPWEEE> PR S RNV IAFOSHS 1A E Al

nodel , i.C: | i 0k Ogi om ot her
bi ol ogi c Ie&,ifitC gt gtte)%.n 9%%@&2“8?‘%7%76%%@5%%%1 %%%6%%% 6@%%%%43[%%%%%@ {"orre cases,

to assis user, jt may,K be desirable to.graphical isplay the first, and
second bﬁaa%]ar y spg%‘ﬁge RYeRs Oéi%ilfelﬁ‘éf?rglr‘? |af‘g?‘6‘f°364 %éﬁ%gqprﬁlﬁﬁ?rhgﬁ?qaa@tcaland
second sappligusiRs 5t Rkt Frdiaf@5aYnd B6indSy Ghct Ry fell asthe Us0QB4chpaelytita
enbodi ments illustrating the method shown in Figure 1 can now be

5desXr i baddelfoPther 8mbadigents'dEtthaingytion'ara digented terihe ogatiarpend we ! puH¥icrkr
col l ected d ovi ded for .anal yt.i cal d d I3t Strategy A
i mpl enen’flgg?quﬂg Pﬁeé%??ﬂste@et%{é&gﬁlatggra lrureg[s%%génrg} %ﬁg“%ﬁ@%gﬁ?’té%e geétc(gﬁ%, and third
geneti ¢ ghBdmRkats réleteus atbtions Aor fsaimSuchashiofidaKmodels as well as systems using

such analytical models. These approaches are described in further detail below.
[0050] Embodiments using at least two boundary spaces

25  [0051} Figure 1 shows a flowchart, which illustrates steps that can be used to build an
analytical model according to an embodiment of the invention. In some cases, the analytical

model can be used to determine whether MRSA is present in a sample.

[0052] At step 1000, a selected number of known samples are subjected to conditions
that expose the nucleic acids of bacteria in the samples. In some embodiments, a known

30  sample is one in which it is known whether or not it is associated with a particular biological
status. For example, a known sample may be one where it is known whether or not sample is
associated with MRSA. The known samples can thus be used to build a model that can

determine whether a later unknown sample also contains MRSA.

10



[0065] I n any classification problem when the appropriate characteristics
are 10 neasured to distinguish one class of events from another, a unique
feature SWAABIMI6PI22exi st that permits the data to be caP€dAISRHLA64Fhi s is

true for A cl assj fication.,. create.the.analysis utine.for..this
appl i cat [iog%j the fEXE re @Wc@ﬁl\%ﬁg{ BHLOL J%@%é&\%ﬁpl{eﬁo I‘—:P%(ﬁP%%StR%t In
Fi gure 34polothB nhifigichRfistin MR sangld gk Mapldadels i theRhBbleatay e tybal
femA- vs- necA two-di nensional feature space. The positive data points

gl ust er acomdng ﬂqexgdl lnpoviatechmquase Theweeleic psids maydbemis daamirediay. deigat i ve
ata poi nts sprea t : _ e
o .8 U LA RSBl e st ace

and | owe? M corner as I ona
data, a mathematical nodel was selected to encapsul ate the (glositive feature

space. Ti085Hat a f oft staR QL ithe qharasirsinties (e€sd RS OTAPSRIUTS FRWTAT RO s
chosen tg efxBfégl'ﬂ)ﬁt & &8s Mg%rﬁ&s,bﬁtcm?ﬂle&&eom%ﬁcﬂ & ﬁaﬂ%ﬂo&%@@s{ du¥&is-

20cl usters. "An elliptic boun y can be considered an 1deal selection in

t hat posipetifie talgtiagens sedueycd, aremaeaulEdus sisamplti tacoisling torpnie pndogimedngrthed
feature §t]g cei (note that t&? ross-section af aga si an_di str‘iﬁFution
represen '?ﬂg‘/?%%%ﬁ&rsye ic fargl el SCApRGedS fn n@?ﬁeiaﬁggﬁawﬁl Lyustifies
the el I'i pbiLalmdBERIhd MnbhAsb 3B oehichemmditeAl d dmplder @ anahpRNa hpltifihe
elliptical” nodel 1s given as: 25 §2y2| -4- =1 a2b2" where a is the

seni Lomj BERaxdesarm be issd thmeasard thaiPRd thegsheld cyplet(Ghsvaluespraench targpleofdhg j pse
I's assuned to be centered about the origin To support the MRSA detection,
the el | i PFF¥EYHdel needs to support translations and angul ar di spl acenent

around an origin defined by (xo0,yo) and having an angle of O 30[0067] Thus,
in its n996Skhener ahfienihacharactenstios 96 theah logat thisgiargels Rie B ¥3lPS%ed in a

15, TGOS S0 RO SR AOL0 St o .2
exemplary digital computer are provided below. The various input values may be entered
15  into the digital computer in any suitable manner. In some embodiments, the values may be
entered into the digital computer automatically (e.g., through a data connection to a
measurement module that creates the input values or the data used to create the input values)

or manually by a user.

[0056] In some embodiments, at least a plurality of first input values associated with a

20  first genetic element (e.g., a first target such as mecA), a plurality of second input values
associated with a second genetic element (e.g., a second target such as femA), and a plurality
of third input values associated with a third genetic element (e.g., a third target such as orfX)
are entered into the digital computer. The first, second, and third input values are associated
with the plurality of known samples. Each known sample includes a first input value in the

25  plurality of first input values, a second input value in the plurality of second input values, and
a third input value in the plurality of third input values. The first, second and third values

may be Ct values associated with the first, second, and third genetic elements.

[0057] At step 1020, a call algorithm can be applied to each of the measured targets
from each of the known samples. The call algorithm can have any suitable combination of
30 instructions. In some embodiments, the call algorithm may include one or more of the steps

1030, 1040, 1050, and 1060 in Figure 1 in any suitable combination.

[0058] At step 1030, a threshold value associated with the third genetic element (e.g.,

orfX) is determined. The threshold value may be determined in any suitable manner. For

11



The generalized ellipse can be governed by a set of five paraneters, a, b,
X0, yo, and a Once the set of paraneters is determ ned a unique ellipse (or
feat ure S\WaAB)1/468228ef i ned. 5[ 0068] I n order to obtain anPﬁﬁtHSﬂﬁI‘)/Oé@ﬁ of

el l'iptical raneters,. a.cost cti.o nbe def i ned

cl assi f i FatP ngrﬂﬁ‘frgboqﬂai’remlsh'&‘g% pdo‘l'{"“ epIBFYélﬁml%ﬁ glsc?{)eﬂ?mﬁ'lle Suds‘éﬁl cost

functi onyss THE 1RESRIANIES maYhY& &fen bR/ iGiRBEiNGEd RRC HRldigieal @b@pﬁt@f &d stic

or ROC curve (refer to http://en.w ki pedi a. org/w ki/Recel ver operating

char act ettorst ia fremonp frethd i gifal sorapisen ORDEY ba VL. byFiseRacbeut e sgPovi des a
raphi c o h i

e B T S T

posi t5 vestaihe d[gqpm)@dmpjteﬁ aI se negatives is applied as the cost function:
cost = ci * FN# + c2 * FP#. 15The weighting factors ci and c2 are chosen to

represe n[itﬁc %e pr ef ﬁ &8¢ %401 Ttﬁerk%llpﬁé&ftﬁﬂls@ﬁar&@@@e%bwhg%giegauﬁﬁﬁ e

mat hemat nodel or t eature” space and the designed cost function
defi ni tithresholderaiedeto of fst dehef imqﬂcsraeldsamcwmuoﬁmom\pt sampi®d Roo exdmpled ze

the cost _fu The realiz n of fhe nodel ost is an
optimal $8F F‘]Irgﬁrl?h(?? R Sepasgfe g?eatgr f o eLERosH W‘fs esreéoﬁci'%?gt@éorwﬁ
optim zag hﬁﬁe YR iR e Wiadh ééﬂﬁ)lé%qall}'bbédeztﬁgt&é&ibld&%mﬂ drld vehitBiniles fall
Simul at ed Anneal i ng, Genetic Al gorithms, and so forth. For this

appl icat badewy tlze mﬁh‘vlﬁio’ameg dHusttatrvely, llﬁthel thizé genetis ekenerat & 918 andithsr mat i on

about i thns e f.ou

http:// etﬁfiﬁb@ldﬂ%ggévﬁlpaf)&n %ﬂél?e B8, ?%8? R Sanf%%fﬁe?vgr(rxl Vr?glguets & gure
2, it wa@rmw%syﬁﬁnmlﬂaahdttﬁ@s&@@dmesmﬁmﬂswnqdemayha/efceawuewommw in

t wo- di nensi onal feature space were not always honbgeneous or ideal for this

nodel . ForatekidigpPecquast wn in Figure 2, when orfX is equal to or greater
than 45, the positive data points fornms a "fat" cluster (as outlined) but
when or f poobe] | ess Ahstep 4650, tafier qhesiuhpleeaxda;bparpx@a,rmS SﬁmplﬁsinahclflCSEﬁroft hat is

| th [ | del
Dot o | SHBWITGHS haieddn s isepsecseinsd by BeTust s<rBls Sotmelbandife Xsprdc
30dependﬁh§s’c1@ lellehfé{‘ﬂ C ﬁ'i@fjﬁid seE(})}ﬁ'i Q@B@saﬁ%es’%&@&ﬁétﬁtﬂeﬁ% afRliRBlel S

essentiafly classif din a three-di mensional space.

2011/ 060@2%{*@15@@1:@11@5&6@ $@O7 34rHles guaaph plodtied dieb’YQ:ﬂlmﬁiilS@llalt space

anal ytic str Fi e an then u | assif
unkngwn @%Wﬁnggé’ ﬂ?fshrﬁgg‘?’iﬁ 18§ga B‘Wé)gt%ﬁf?cl‘?ng LGRS e&m%}t Eﬁ oé’ |n§ a% gt a%/us
such as S 1{\9938;)@&9@ iredwotdintdRsionaepade deffiaed BY fRAISNEEE l@meniidlthean

include entering a first 5input value, second |nFut val ue, and third input
val u asse@emchgwumemeah Tinik lfﬁ)hl\lﬁsté?fé‘?ﬁnllnefqrﬁt(émﬁled igheead, veushshoas twipplots

digital ter itals conputer that is used to formthe
anal ytic ﬁo%e mec ror g&%?eﬁgentﬁsdl gital conputer (e.g., when the

analytlcal nodel |s forrred on one digital conputer, but is stored

anot her 081k al Coﬁabgpg,w%@rfgsql{oupgarwg%e an ﬁée?qrﬁdsttoupﬂﬁéitsl’%laﬁ% f{}ﬁ’g
second | AR LEHUERRIE AR Sinp RO pUAtRy afS ARPAM Rbaith dlhnthiyh t he

first, second, hir genetlc ts i the unknown sanple. After the

i nput vad;paeas @ffmeanateméadologxhel sthitgs frexin atlombilegicalsteswses.i beFighes 24 mhenianain

sanpl e ei ng. as CI at ed thw t he b oIo ical status using the first
boun%isary E‘éndolP érysSQé?ﬁsl&“b W&‘aﬁsf e using the anal ytical nodel.
[0073]Figure 4 illustrates steps that can be used to determ ne whet her MRSA
is 15 prE®é2k in aThafipt enchmon@bwgidtary aeesarh bdidaisamineddn agiespitableei n, an

UKo SRS SHER S BRIB ek AT o o SORA B T A2 S
nmodel  cr eabsdbsgidagy dpatessdaB DS defifdn y @Hp@sl In bibetl@hBsdiinests, the boundary
spaces can be defined by rectangles, polygons, parallelepipeds, or other shapes. Such
30  boundary spaces can be determined and optimized by neural networks and other optimization
algorithms. The first and second boundary spaces can form at least part of an analytical

model, which can be used to differentiate a biological status from other biological statuses.
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whet her an unknown sanpl e contains MRSA. The unknown sanpl e can have
various targets neasured, and these neasurenents can be used to detect the
presence WO 2NRAR013Y 20 anal yzi ng where an internedi at e PEFSR018/08@Ed from
the neasured targets of the unknown sanple rﬁ,gi des rel ative,ctgl?yg, boundar

functi onl0883k he noldetome Grovsinpssitt dpisen abmay 98 derkatdenr srarpically SiselyjRey ed
to condi i pPR% §é@§'ﬁd %&I[ﬁg%gy Ea;gageQU%rec% AflefSordl 8%“&'“&1 thet £t SAMRIcEnd The

sanme techni ques descr ve wth respect to step 10 in Figure 1 can
al so be sasmpie sts et £PisphBuctPdy MAATD Atrest.ep 1110, characteristics associ at ed
with at least three targets, nmecA, femA, and orfX, (or other genetic

el enent sphogfn be deiLIN desbdidh et HRB M @¥m BRI wn THEiKATE chiehdibgues

used during step 1010 in Figure 1 above can be used to acconplish step
1110.5 Théeserfikadadioe ridgeiges Srategyer't dlgostame 286 spasenerhama gteeg ¢adlered apded to

formthe_anal yt.i cal el . . example;, if al,u d rmthe
anal yti c}gpvﬁﬁ%gqr,an?wgg%fn?pﬁrg%vse?o Ah 'e1n§?38<§ etre %Y ﬁs‘e%ﬁ)fl%%gr%t%tzo ﬁﬁrece)%xfe? argets
in step thiokB colREBHAg t5tfef, detadhl, ahd ehial@dnytid clanenmi dedludsdméred, daphi adi t o
the input val ues associated with the three targets. The process associ ated
with theotahal ytical nodel can include at |east steps 1130 and 1140 in
Figure 4. WD 2011/ 060222PCT/ US2010/ 056455 [0077] At step 1130, for exanpl e,
t he nmet h@deslet er m Imesywhatilfieaticn prhblech, whpu thevepbropriatseiateediiiart orf X i s
above or bel ow the threshol glﬁval ue

) ~0.," 45") in th | yti del .
[ 00748) AtMERsBEFdLie Agptingish Are ¢lassef qvwﬁgff%%wﬁe&)sas%gﬂ% allys smics }%@‘ Eiknown
sanpl e | tﬁatas}%?xlnﬁ‘é"t}% datf @MUtk ¥A e 1185 B truete) MRIIEBladsifcaBbRY TBUa)e ther med

first boundary space is used to determ ne whether or not the sanple is
associ at aalysistrhutiieefobilos agilications tlxt fgsture spaee weeehsefwedgs shayrem) Figure 3A.

Al ternatj vel if.the, third input val ue associ.ated with th n wn sanpl e
i's aboveinaPelg%fFé’%BPg‘ t@gpﬁ%gk'%?lgﬂfegﬂ@‘fe, &tt?h%rﬁ p?cf"f edd?é}\l/el %@é‘%‘}’g %rc éggo'second
boundar ydisRagiendl FeatsRGphd. dRieqioRitive duapbhits clastendbngd the dsasRhlEnitse d8goCi at ed
wi th the biological status of interest (e.g., 10 MRSA). [0079]If desired,

addi t5 onlgft cetnes end g nssativsatata peinty spusad Ol ARSI Y, FRRABWISAPPPRET For
exanpl e, . nore additional targets (e.g., a target
associ at%égp%af%w&g%@hg%r@% used as additional data, which nay be
additional |y used to classify the unknown sanpl e, 15[ 0080] Enbodi npents using
i nter mock868 val uclaronihadkd ﬁ%fﬁtlé@?ﬁaam%fﬁor}gﬂatahﬂmﬁcalﬁnew e

di rect eds Qe t%ﬁ%@uﬁ%ﬁh&?ﬁ%ﬁ%%aﬁ% &hat YihEdlta PR pos ecéﬁ]/eﬂﬂsfrés%ﬁl%lhts' ates

a biol ogical stat from other biological statuses. e nmethod uses at
| east onan élhpeerwiedh atae chadenéo fBmukatetno bdiindany betvaan Be ndediveiahé degativh

reference to Figure 5., 20[0082] At step 5000 sel ect ed, nunber _aof ., known
amitbe Gty bl batENda PbAS e Bidsdet BrBSh iRE IR vedatasy

bact eri aydually Rz aPARSian ERGKRLAILN & pRifertdRaBROG6AMBE b e SAIE s&tion
different than those described with respect to step 1000 in Figure 1, and

t he descef pErewsiensisoveutipagdpnesantibg thedppaadery of a feature space is an ellipse). This
justifies the elliptical model in Figure 3B. Mathematically, the equation for the elliptical

model is given as:
2 2
x Y
25 —_— = 1 ,

a’® b
where a is the semi-major axis and b is the semi-minor axis. In this instance, the ellipse is
assumed to be centered about the origin. To support the MRSA detection, the elliptical model
needs to support translations and angular displacement around an origin defined by (xq,y0)

and having an angle of 6.

30  [0067] Thus, in its most general form, an ellipse can be completely characterized in a

two dimensional feature space as:
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[ 0083] At step 5010, characteristics of at |least three targets, such as
mecA, femA, and 25 SCCnec, are neasured for each of the known sanples. The
detail s dVOAPHEHW6B20 can be the simlar to or different PCRAND2AINOSESS

descri bed above with respect to step 1010 in Figure 1, and the descriptions
above need not be repeated hbte however, that in this exanpl e, SCCrec is
identified as a target insg%ad’f orfX [0084]After the i nput val ues are
determ ned, they are entered into 2 d'&§tﬁk+%ﬁﬁ9 30l n sone

enbodi ments, the input vahumﬁelnciude at east \a pIu?allty of first input
val ues associated with a first genet + sinf)eneaes(Qe g, a first target such
as nmecA), a plurality of second input val ues associated with a second
genetic elenment (e.g., a second target such as femd), WO

2011/ 060222 CT/ 82 / 056 d f thi
OO b G 3R P aBL RSt Blughfhtrd ] PPUL @/ Bonce

associ at such as

SCCnrec) tﬁ§§a®f§t@&ewrm deft@meaemt(ge dllﬁ}is@ (@f t@htﬁté@hcé}@ﬂﬂéﬁr%ﬁ The first,
second, and third input values may be entered into the digital conputer at

2 o HAVEh bo daprudo PR SRR s ARl iRpih e ch FR RIEHon P |

known sadgines bastienced tlashfiaribh hexuits) Fdvithisexmnyilappli¢asiod] £ é@n@ntlytused t he
call algorithm described above with respect to Figure 1. (g t step
5030, orf®SHNFEREIsithy BEFBRACACEIVG QI El@sreﬁed\}er@@e‘&BF%F%rﬁ‘éanﬁ .%‘3* Ctﬂafast t he

pluralit cfgxf toHifpSen WiRHed M r¥GrikiARL efler | HRSLInE iDL EPREL FPPRMre MlaHES
associ at #ba“fﬁ—§§%6H§L§eﬁet“_“Teﬁ§‘T_‘%T‘g the digital conputer. For

exanpl e, abont R@l@ecwvﬂsa) dTheROE curve siovaiasl ageecphwdl plapof the ad:nms'li(yefegﬁuﬁ the I-st

and seco SSOCI ed i a rst genet and a
secdid gﬁq?@g iy dpee Applice m@ g0y S GABODPT fhguoer of

| nt er medi; Ak §oviaktemd ﬁﬁﬁ{b‘époﬁﬁl’se%gﬁmﬁs"%h@d hdrhkRestifihdtidnt NpUt val ues
associated with the third genetic elenment (e.g., SCCnec). 15[0087] As shown

in step 5040, after the one or nDre i nternedi ate values are created, a
boundary space for the blologlcal ay§®¢|s G ed using the one or nore
i nternedi ate val ues and the plﬁ?allty i'nput val ues using the
digital conputer. The boundary space dlfferentiates t he bi ol ogi cal status
frontother bi ol ogi cal statuses. [008 8]IIIustrat|ver, for a 3 target

" St rldt egyheoveightes factons c/rnd cg precd R e preleisne et tBe PAHEURE ovi ded
for alg éﬁﬁ@ﬁ}developnent In the Strategy "C' inplenentation, the three
targets re nmecA, femA, and SCCnec. [0089] The necA-vs- SCCnec and

f emA- S di | t h Fi 6A and
66, 111 B08Her vedOPATH HEPETRUCA el h e S e BESFRTASS and
negati vegnais %@O ﬁ ﬂa% A B (RS rlhuitt | b}ﬂﬁb‘ cahBdopitizbd RefitiidBe BdsaCK

circles) 25in the two-di nensional feature spaces. [0090]1n order to
over comefunbigory rEy: raaleamoxa ofithe rpatehwithdhe mammve easeis anepi S(ﬁgmrsft)réhﬁent S
t Thi 1 h
as f:,m%%}fo cati &thi n%,l ]aerle)%tge;] s%\iveq%@ Frglzgtgd&prac%ﬁlres%%lc%n ﬁgvl\l/?gczﬁ’dasrl‘rlﬁ i s
an exanpyg] Ofimdhgl BinfilaRE i ahealtR] Genetfd AlgBritHmsd, Sndles fdttﬁhd ok @ity Eﬂi‘;ﬂlcﬁﬂldirﬁt
30i nput val ues associated with a first genetic el enent ﬁ%g mecA) and
nettrefigor

second i apencticahigesthas sodiliaed de fetailedapbmaatiemetqu Gs ighngs canfbérrA)

found in http://en.wikipedia.org/wiki/Genetic algorithms.

[0070] Referring to Figure 2, it was observed that the features measured by the femA-
25  vs-mecA in two-dimensional feature space were not always homogeneous or ideal for this
model. For example, as shown in Figure 2, when orfX is equal to or greater than 45, the
positive data points forms a “fat” cluster (as outlined) but when orfX is less than 45, the
positive data points forms a cluster that is more inline with an ellipse. As a result, two
elliptical models are established for orfX < 45 and orfX >= 45, respectively. With this orfX-
30  dependent elliptical model, the data for MRSA positive samples is essentially classified in a

three-dimensional space.
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WO 2011/ 060222PCT/ US2010/ 056455 [0091] Figure 7 shows an illustration of how
the new paraneter can be created and used. Figure 7 shows that val ues
associ at SHORP1IP6AREA 810 and femA 820 can be conbi ned t BCTAISAAIANS6455

i nt ei medi val ue Y 840Q.. iS lnte di ate val Y 840 and..S c 830 can
forma t[&ﬁ%ﬁi mensi Difa§2 q@%\at-ll- @Cg%eétgg\ﬂﬁﬁ%calle?ﬂgleluﬂg%age(flg%d%?ﬁe 2ecag§hen
boundar y,5R8¢ & él@gsifxm%lq‘éo&ﬂl %@%&1&1 £ asOb cid B RAWR paaitull 8 Hi@6gibali shgus

associ ated with MRSA or not SA. [0092] A plot of the

newPar anstkers YRRECCrec feature space is provided in Figure 8. In this
illustration, the grey area disappears and the new paranmeter, together with
SCCnec, m%gomat itut e@erﬂarzﬂgl, terust edthererrsqparltionl mbds shd inchide @nterih@IBHG ven
t he "newParaneter” and SCCnec, an elliptical nodel (aﬁ sho in 10 Figure

9) wds espubialusneasondinpet vaiue.pnd talinauplusasiesiricd HEh gBapkIw sieplfegat i ve
data pol ig%):a 3\%5{51 acg)kﬂ LRl Gk F&@%ﬁéon@@ﬁzﬁﬁa{% %1@85@19 Wit @nfERBahkGs Mbagor i thm

inthe s revi ous escr any of the previously
descri bed fbmon debaanyl ytioalmhadz],toe ey tepiedi flesent thigétsl dopsieeri(erg s tvpn UGGMabitiosle,

b d i nmbodi ts.of the i ti ). Al'l the dat ints that
" ocat ad AL FULPREY B Prp Uil wTHBEHRH 4SS R BRher e s sSrBOSATBPGUrE 10°
|11 ustrafes) Sf%qzralt itggﬁt Vol Osgé&fili ihputd@hRrat Mg ihathsn vMBeArd &ssdigsent in

a sanpl e accor one e Iment. As used herein, an unknown sanple
ref eils twitl tteafimst, eedond winidahird gerietic plementsamthavrdknhen sMREK. i Aftgrtesaput | n t he

sanpl e. The net hod se an anal ytic de such as the. | . created
usi ng t hEISPSERS e‘ft?r(?ﬁﬁatgf’ alﬁltéﬁ%qmﬁ'ﬁe%ciﬁséﬁﬁf ﬁ% L‘B:l"fg?‘ﬁlé P argﬁle Vi E%(gl% gsg)glr%%ﬁde

cont ai NSy MRBA Hiflogicl AfeO6IiAL B8R Mbtdduaday Rpice2D Y LRtegi Saindstyapus) usinghe
characteristics o? various targets in the unknown sanple can be nmeasured to
form firtbe analpdeshanodahd third input values. Using the input values and the
anal ytical nodel, it is possible to detect the presence of MRSA in the

unknown anpj e. [ OPRbleReflivttitagsté s thatdan &e 16:d atdetimme6OidhertNIRS Ariknown
sanple is subjected to . conditions that expose the nucleic acids _.of
bact!Sr i aPresent Hed s%Ri¢ accordiBe apfe ftr@zpﬁﬁpa%ésmé@@ﬁ%% PR Hﬁ‘“@@bsafﬁ’é?)f@.ﬁ?{ s
Figure : s - fhe GRAIACHRIGSLiES Of
at | eas'éLt O?aha%ag@?% %ﬁg@? lléﬁ l?re‘gtﬁm @glﬁgv%éé}%’iégﬂ{g\%e@h%gesrﬁ%d fsgo_% t he uS neE)novyn
sanpl e. Fignst4 caasendpodhdutihay amodgutreareal wsasg thantebe fidet Begnienle to ddermihe

unknown s | e. The sanme technj qu scrj bed above with respect to step
1010 canwg’gtgffsaé‘dmtkﬁo‘é{ﬁé%rﬁﬂlleicgﬂtagr‘rsgﬁgggiQﬁ%@ﬁ@@@’ﬂsﬂ?lﬂetceaf)l 1%6%6?“%%& yti cal
model  and;dehembisitdd, afkPHOROme AN Entdhty GinibRRIE AR S tHedfReRACLISEMRISA by
det erm ne whether or not the particular biological status (e.g., MRSA or
not NRSAnalwing wbentaniintetnhesliaie kewsoucreziopfrem thgypeasured targets of the unknown
2011/ 060222PCT/ US2010/ 056455 098] At. st 603 when applying the
anal yti cORp SIS Bejrghvgé? 2r Spggag%i%’ﬁé?ngﬁgwt‘%?(%% i nput val ues, an
i nternedi ate val ue can be deteinmned using the first, and second i nput

A

val ues. H874kxanpl At stené19Gthaovpkngvaganplcan seuented 9eeonskigns Bafrasitive t he

| nt er med| hy&s i UBle & quk RéscPibad aBovietlith fesf@efo 0- 3)
[ 0099] nentidle F‘@S%’??%"?.%élﬁ,lﬂgﬁ%ﬁﬁ’? sgﬁn%ﬁaé&s& (huiquss fescriped glovetith resbtf 0.
and step 1000 in Figure 1 can also be used at step 1100.

25  J0075] At step 1110, characteristics associated with at least three targets, mecA, fem
A, and orfX, (or other genetic elements) can be determined from the unknown sample. The
same techniques used during step 1010 in Figure 1 above can be used to accomplish step
1110. The characteristics can be the same as the characteristics used to form the analytical
model. For example, if Ct values are used to form the analytical model, the Ct values can be

30  determined for the three targets in step 1110.

[0076] At step 1120, the analytical model can be applied to the input values
associated with the three targets. The process associated with the analytical model can

include at least steps 1130 and 1140 in Figure 4.
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SCCnec = 27.26, Y = 18.2345. [0100] At step 6040, in the nethod, it is
determ ned whether the sanple is positive for MRSA by using the boundary
functi on WAa011/0§0322 t he anal yti cal nodel. For exanple, PRT{UR010Q5E@#HDVe

exanpl e, val ue = . 2345 and c = . 27.26 can.be r i nst
the ell i[B{’JiLﬁal boﬁ‘d%?%z“#ﬁn ¥ CSHOP é%ﬁ%dg@e%m% "i{qh‘%“"seré‘ﬁglﬁr%ﬁ‘é’ﬁﬂ%au d fall
i nsi de ofssddiBePAUR G isaHBEd drddiow B thRKINMRaIBaRE e 40Yitihbanslyassi fi ed as
MRSA positive. Systens [0101] Figure 11 shows a systemincluding a digital
conput erm@®d, and a neasuring 15nmodul e 301 operatively coupl ed (which may

i nclude el ectronic coupling) to the digital conmputer 300. [0102]In this
exanpl e, [0078] di gi tAl stgopIt EthSMfixdrimyutivatuk usscatadavitiethe umkndwpsamaple conput er
conmponents including a sxsten1bus 304, ane  or norz di, sk %%ives 305, .RAM
306, 5and’©&"’b?<§*€é§@é‘?"§@?,e-%p‘ésr)afthp%@ie)}?r%aﬁlié@r{nﬁﬂ FHOPUNIR 8PaCE S Nt s

| i : f i t
can al s Od%?égrr?éee\%ﬁahex%q ng?ﬂl% l@%‘nﬂ% 1% stB&Ete@Wﬁlt t(ljl@ g%d%& 5%% Staftlﬁ%f@ﬁ@l‘%gﬂ .

Figure 1 shows a di splay 308, a keyboar , a nouse 30 .”These
conponeny®Sand Adtehentivelynip dhrecthird impay valus essoeiatpdrwitlothe unknaiv sanale tsoabot¢ er i n

R R g b O i R T e U

(e.9., kRewWmif wHAKSUMEbt thERbSpFER 84s0kREAd 2 tHTRE Bl BogdTBl saisyoflislemseR.g.,
di fferent enbodi nents of the invention depending on the neasurenent method

sel dét edMRSAjeasure the target responses. For exanple, according to one
enbodi ment, the nmeasurenent nodul e may conduct a PCR anal ysis on a sanple

and may [pbggjef or e BdedradeaddifiodikrnPéRaappaised wsfurtRaallassiftheRERnappasapleses
are connerciallé avai | abl e. 30[ 0104]]1 n.one enbodi nent of the igventiﬁp, a
sanpl e iKorsKampls, pue. te ardbree Pemer addginmebiangsts (Rteerdctatgsbassgpipted Wit MR-

2011/ 060033 RBTD DRty A ey PRCAR SRR REIE] Suctdo Blassle P oa i

data (e.ghknotvheappryvi ously described input values) is then transferred into
the digital conmputer 300 al ong a system bus 304, and an appropriate cal

al gorith anal yrical . nodel can be applied to the response data using the
proclésso[:&)%l Th Pﬁ%é’f“‘ﬁ?’c%&ﬁ’%‘gd'é E'é‘eﬁﬁéef)#l%sessor 307 to execute the call
al gorithmor 5 analytical nodel (as described above), which nay be stored

on a conpesgr I eadahbien@ahddisMT tRSintaiRioRANYh B0 @ireéted iskmdttioddoB@batinghe
data representing the call algorithmand/or the analytical npdel can al so

be st or exh ambitishbmedatevhebidiferariate s peosicrbiitnEorh T daelpaaloTase cal |
90 ey et B8 4800k YabCle iRfSLeifR0 A8 BPa bR CanBe hGHHEERIAY 308
or ot her ou pu? device e.g., a printer). For exanpl e, the previously
descri be@fdenedaFiguteifict i ons and 10 their associated graphs nay be

di spl ayed on the display 308 or output in sone other manner. Thus, the

| nf OfgTat fofg 1 OM ¢ REsiBE 60, GdRAURhEmb & oBBIREmIREUrd Qubfictdaqd cBRliRolul | d
a nodel or determ ne whether the sanple contains NMRSA

that expose the nucleic acids of bacteria in the samples. The details of step 5000 can be the

same or different than those described with respect to step 1000 in Figure 1, and the

descriptions above need not be repeated.

[0083] At step 5010, characteristics of at least three targets, such as mecA, femA, and
25  SCCmec, are measured for each of the known samples. The details of step 5010 can be the

similar to or different than those described above with respect to step 1010 in Figure 1, and

the descriptions above need not be repeated. Note, however, that in this example, SCCmec is

identified as a target instead of orfX.

[0084] After the input values are determined, they are entered into a digital computer.
30 In some embodiments, the input values include at least a plurality of first input values
associated with a first genetic element (e.g., a first target such as mecA), a plurality of second

input values associated with a second genetic element (e.g., a second target such as femA),
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[ 0105] As noted above, in sonme enbodi nents, the conputer readable nedia my
store or include code which can be executed by the processor to inplenent a
met hod f OWORBTIN6M2Ag an anal ytical nodel. In one enbodi REMUS2QIRESHEE hod may

i nclude: enteri into.a digital conputert . least. a, plurality. of first

i nput vaqn&@%%gg’c‘?gﬁléﬂl Ut ﬁalﬁesfals‘?%ct‘nﬁﬁ‘iawgpiagﬁlg:i eThs) ,eleﬁ‘eﬁ‘f &l %Wdcg?rggt:\cond
| nput - vaddess 888 e PARLcidel itk lél%%rkfdm%_%@%tb@lcﬁ igTesthputef dTige flstkséddntly of
third input values associated with a third genetic element into a digital
conput erardghind irpuedalugst thaypbgeniergt fintg tsf dighdwampatiep peany suiable timeemdin known
sanpl e i ncl uc!etﬁ ac%:i rst 20i nput value in the plurality of first input

val ues, BYSEEBHECT But value in the plurality of second input values, and a
third input value in the plurality of third input values; deternm ning a

t hr eshol @0§3 ue aséb%f?laﬁ‘éﬁ)awcﬁ%a]tgﬁ@ﬂlf%%rdbeg@ﬁ’@?‘il8’"éﬁCBr‘?gH’te;m%aé é%rﬁﬁ‘g t he
known S%%ﬁcﬁjy tﬂ? kﬁ&gn Ezﬂﬁ@%b%lﬂ: S ritHﬁHn%ilglbia?ﬁplg,% dfifer&N oM Raeml es
and a second set o nown sanpl es; clustering the tirst set of known

sanpl es ilgorithinedeseriteedapacewitkiésped th¥iguhel first 25genetic el ement and the
second genetic elenment; defining a first boundary space using the first set
of knownesggp! es.  WhGELhMd, Bfe b fidle ARMACARY SRS radibeRicARlicaSmeat

bi ol ogi cal status from other biological statuses; and defining a second
boundar ylesgp seeplusiitygoft fivet inputoratiies end of lekat dvarsesentpinpet, valites pesogiatadavigieg ond

boundary space dji.fferentiate . bj ol ogi cal .status fromoth ! i-cal

st at sess.ecgl?ff%‘ﬁ’(?b?@fﬁmé:}z %?%?’egf%{aﬁ%?rﬁ% 4 yorie)rﬁ%rmlgeﬁes ﬁ&greﬁlbé) %{rﬁ%{ﬁ% fg&
digital é’x@%‘éMiﬁPm valuek @881 figst Bhdisedbhd ¥t 04lués) asdociargdutitly alfive geraiwoci at ed
with a first genetic elenent, a plurality of second i nput val ues associ at ed

with a sdewsef (gend) rrd epesapdeeneis¢lengst (fead) maydre ussil FUCTERS 9Re PRMGES
associ at i_Lh .7 dy . i rent i ol 1 in
oo or - rinyestielidisaldll h RN ShBTRAL PES el PluEISREL WERBRE 1O

val ues amgtdalenétRagéméhge. geSOUndchput val ues associated with a second
genetic el ement using the digital conputer; and WO _ _
2011 5060@68’@“ 1 US2Q1 0% AP ADReF4 Rt hidd (Re BRUATAGY iSRARSKIILEValuBEaicAlRgl §al
status using the one or nore’internediate values and the plurality of third
i nput vabamsanysipace fohthediigiogimh! stanpistceratedmsargthn onter moraidiarmedipgcelues

differentiates. the bi.gl.ogi cal status fromother bjolggical statuses.

[ 0106] As? ‘éah‘é{]w@f 81"%519%8 Vaﬁ%&&‘ﬂ%&?ﬁ@ggﬁlﬁ8m@8¢%u?g? g?‘?ﬁ%&bﬁpé‘“nedi a may
S store @fitetddfihidd ORISR Ghtus BBMREhE@PRSIDEIRS ditudeBe processor to inpl enent
a nmethod for using an analytical nodel. The method may include entering a

first in val ue, ,second,i val s bol @ | t I . i

with an B*?Eﬁ]own sa Wséaﬁlvr?%%r}?ﬁé 3dt|%rg%%? a?é%g%%gt ea?gdgp ﬂllcl)&f rllg? Sﬁ%é‘?lfélg csg&]rrig)rgt er,
whergj n ¢diRcfeliranll provaddd forlalritlirheleselopmentl Mpuhe Babtegy 40U itpentidntatidnj thput
value is associated with the first, second, and third genetic elenents in
the unkn@W#F RECSIHGE Brechn et i SGEMEC-t he unknown sanpl e as bei ng
associated with the biological status using the first boundary space or the
second bosgary sp@hemesAng-SOGEmee gnd fim A-omdii@necivoedinensidiali feathirecspagsst er .
I n anot her enbodj ngnt, the nmethod may jnclude: entering a first i t

val ue, s¥EHa™"PnBu lg\‘}ﬁsé agﬁ 'hiIFd6y Phi?ﬁ\’elé\/%ahgleégé%éi e d" i {rhwi’ﬁclfhﬁ‘ﬁnom
sanpl e | pi&idend 'ng%a{tﬁfles GRTAMEE lan@CarRoN8E dtbtifbiishedC@UMHEE by MOBIaEK BirélBd
first input value, The second 15i nput value and the third input value is
assoi at edbosh dhitheeofdimstsiorsé ahde spagds.t hi rd genetic el enments in the
unknown sanpl e; and cl assifying the unknown sanpl e as being associated with
the biol ggoop! st atdisrdusionsetdddelthé Sieyhen)daey Aﬁmeﬁantﬁams%mﬁdir@auhdary
space using the digital conputer or the other digital conputer.

[ 0107] Exevepkseas pRoitive 081aB9ivpl Thisnewmpastmeterss tvas ssiphlishedat e | abel ed the "Long
Beach data collection.” In this data collection, the follow ng target

conbi nations were tested: fx GAin(E i%}blﬁp +2hs(1B8H, femh, and
SCCnrec, and 3) necA, fng%?%ec@eg%d%’ﬁﬁﬁcg)ns. he czsi(lnﬁ g\l gorithmns
devel oped for this data are based on a 2-dinmensional elliptical

mat henat Thal‘navogekmeten’ Graa exapid & antihermedlete vghresintai$ issderivied donethediret

o B R A B B BEEAPd G lrea e

associated with a second genetic element (e.g., femA).
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[-x cos(8) +y sin(0) - x0]2 [X sin(8) +y.cos(9)- y 0]2 fornulized as =
S, where Sin a2b2 the internediate value, and x and y are the two inputs
to this M¥@ap11/066322t he data col l ection of Ofx, fenmA aﬂi’@Tlﬁ.@é(AO/O%@ﬁd y are

mecA and ferrA resgectlvely For the data | 1 ection C%ms femd, and

mecA, x [48Yly are ShaWg ayHysiraion o f@mﬁfw nPwaéae*ﬁ %139 cfiraky g’

speci fi Cused( F%ﬁf@eﬁgﬁovxfsqﬂﬁ)vameggé\séblatea'\ﬂﬁl mEeBR10 ad e L 82@84n bedooddbinedrher e
-0.3 is 1n radran , are predefined paraneters, which are
obt ai nedo lfiyrnt araintdrmgdiate \saluin SHOWThis iBematdiae Ahlyory 84thangi S@Clae@gﬁ%wn
criterig G ve band eac

2011/ 060852 BENP GeBgisinBkleatE" SKGeyY }f ?anQDeep ‘EF@&O e Hle§\%%)&“d%|s?ac§ fohes t hat

(X, %) aNLsEeh dRurfkiOwn ¥ahpROk Wélﬁgaaéé&f@t@d WHArMRISAs ot eR$ AN pur poses,
it is desirable to select a }ghreshold of S(e.g., So). If a sarrple produces

a less-t So int d v |ve
These C&IP@Bh gori t‘zﬁﬁsmg?e bgg’?dyagl%)edéﬁmasssp(;@ggn% glfu?%gr%%nat r?n%gtl ca m)

and ar e Thitigk Nadraicd) tee Segachidsapp@es iddnie hew peaatetdrhegethed with Spenieoy nance,
and generate cl assi fication results by thresholding on an internediate

val ue. [ORYYPSaABFECTHEERERAGORT Elggsl@qailgg Nasal swabs were col | ected and
stored in a stuart transfer nmedium The swab heads were renoved and each
swab hegd09s tr anSiven t}&d newParameRrirind3@pinec smspleptsiabmodéd (eughowmiinh 1200
iit of Tris seds r wth TA pH

5. 0 D1o0rigvst Mvesrr R I a5t <iF traudey Drhicpdadehearegiede T oaad
wer e di ?o@ﬂge‘ﬂhgé‘lh}ﬁﬁéﬂ%d@gc&hﬁ SHARRERL WHIDE Geabtis AGRA 1Rt i88RAameRYdyais at

| east 15 seconds 0111] The swab heads were then sterilely renmoved fromthe
sanpl e tprbesudndescribed. afisg. eayveaf thoprsvibsslyldessaibee bpendany faymeng lgpEsdugst h 1 ni

Cr ans oribehey e i SercioRalinte ot BeARn shAPAOG AhERy RS apigR 1= e

speed of o0 tHap e 1b&MEdLInJiae tHy &ERRGe: aHenedaSa@MRSAfpoﬁtuaehyl ococcus aur eus
and/ or I\/RSA was then confirnmed. 10 !'IL of each of the overnight culture

g’[ gtplﬁil \cl)@o @Lgegﬁﬁg gﬂ%p}ﬁgb{wﬁwgﬁaﬂ%m gglggg%iL sanpl e soI uti on

f rom eagjredeubiar avampldasvosdihg ecirednitodbhnti $eluatd ey mcmdmowmnmm&iri)ed

by Agencourt VirNA kit prot Thi s ocedure, in brief ith 200
CFU S. flerisamplecipaylich Bds %9@8@%%%@4 SC%S RG0S Ty GA%IHPIS \3% ver e
added to, o, 6 5 fpr 4
m nut es. ﬁq‘??%’iﬁpﬁﬁﬂﬁ’ yS| sassol u??%lﬁp%%egqllsg\% tﬁ;g%{?g@; %/lang 1 88 [IL of

| ysi s bufdi@minelwbether, aminkﬁoWy,éar(lﬁIB@nﬁMI)s MRAR4 (006 aSwCIEtbﬂfd \ZBh pn@h@rase K (6.4

s, t hen adde each .sanpl.e an s then
i nc?@)at %018510‘?&‘5‘?@ drfl e fhAGFsSig qﬁgﬁogltaﬁgdn% lg%m? Sam fgﬁ%aﬁll} es. Then,
10 'L ofesmpeHaad irembaadSeaid, B1bthirl ikpu@kalked %tise Hedn Nahl&@hﬁd a@dded and
m xed wel | by vortexing. The reaction contents were allowed to incubate at

room t erqrehdicalreodadyit & neissiblede detgridhe prerercRef MIghe i thepwkae™vnerBPiEol | ect ed
by pl acing the sanple tube on a magnet stand for 6
[0095] Referring to Figure 10, at step 6000, the unknown sample is subjected to

conditions that expose the nucleic acids of bacteria in the sample. The same techniques used

25  during step 1000 in Figure 1 can be used in step 6000.

[0096] At step 6010, characteristics of at least three targets, mecA, and SCCmec are
measured from the unknown sample. First, second, and third input values can be determined
for the unknown sample. The same techniques described above with respect to step 1010 can

be used to accomplish step 6010.

30 [0097] At step 6020, analytical model and the first, second, and third input values can
be used to determine whether or not the particular biological status (e.g., MRSA or not

MRSA) is present in the unknown sample.
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30 mnutes to separate the nmagnetic beads fromthe sanple solution until
the solution becone clear. [0113] Next, the supernatant was aspirated off
t he sarrpl‘é‘@ZWii/%@ZZbei ng car efuI not to renove any beadsPﬂmﬂISﬂ@O&wﬁi ation.

500 lit shi ng buff ani di ne 602 CT/ US /05 455
Thi ocyan@f’%wal 7967 §16h é@ @eni rdtr}ﬁ ‘%‘?Jg‘tgﬁ%é

sanpl es japg \)éﬁfers exashichREdidR wRRRAAS. H@tefﬂt?ﬁed Iti T%Itﬁéh‘ﬁgt Wed stcbﬁteﬁlpuﬂc ubat ed
on the nagnet for 4 m nutes (or until clear) e supernatant was then

aspi r at ecilegst Fohexasamie|ths fllgaiing cqution peuldbe rship detshnipepheimigraadiatchanol
was then added and vortexed for 10 seconds. The tubes were then 5i ncubated
on the nggWet for 4 minutes until clear. The super nat ant was then aspirated
of f the sanples again and the ethanol washing was repeated one nore tine.
The BBeads were then Y mavRammder Fagoat* far0.16+ 2an Ai*mose8.3) When t he ring of
t he beads started to crack the sanple was eluted. The tubes were taken off

e e, 2 Ak b Hhe LSRR R RS A I PR S e

70C. Thes(t;(ggleé_\@rz% pl-a¢gdsback on the magnet and incubated for 1 mnute.
The supernatant was then transferred to a clean tube for PCR anplification.

[0114] P i mers Li.ng_condi

listed i lpﬂe Nast‘gl{]&?ﬁé&ﬁg ?@‘}/‘gftéfagf‘* T OR Wget%elkglcor%fmqs égs(’ﬁ?‘%%fot al
reacti onvRgROBY umﬁ@ﬂié%uh/@rﬁp@indﬂfbﬁ t6R s iRehdarRPATcelmbYels mptmnqﬂqhmglet he 15
i ndi cated vol unes of reagents together in a DNA/ RNA/ RNase-free tube. The

t ubeld caabore eyamplextbe Vtﬂ@efrﬁ[x— BheP45rred S meen 27 26 cpppe pampered againgdhe i t of

each elu B I

(5t rat aganectEBpdiHRsaich MITERAS, Sickthls ol KAREFLT b Bbundary
added t ofugetidn, el unkhowh egmpietwouithbe elassefidd asdviB StAhemsitiviexed by gently

pi petting up and down 8 tines or nore (a multi-channel m ght be useful.).
The pl ate vvas 20 covered tightly with M croAnpTM opti cal adhesive film
(Appl i ed SHt8yst ens), and then centrifuged at 1100 xg for 3 minutes before
it is put into the PCR machine. [0116] The PCR cycling conditions on the

St rat age[‘(ﬁo 3005Prigh#d MW 2W5temSatluding helidieMsomputefB end A x)casking N @
95C (1x); sec @9§C 4 10 sec @®2C 430 sec 58C (40x). The targets

noni t5r emoémle 3oeppereemleao¢m6dr@mxeh mapichide clesirgaic PuRkRg)¢n tha digigl| D
Sequence >§ IOSS/ attBScc orfX-1SS
computer 0

[0102] In this example, the digital computer 300 may include a variety of typical
computer components including a system bus 304, one or more disk drives 305, RAM 306,
and a processor 307, operatively coupled together. Other components can also be present
20  depending on the exact nature of the embodiment. Figure 11 also shows a display 308, a
keyboard 302, and a mouse 303. These components and other components may also be part

of the digital computer in some embodiments.

[0103] The system can also have a measuring module 301 that is used to measure
characteristics of selected targets in a sample (e.g., known or unknown). This measuring
25  module may vary between different embodiments of the invention depending on the
measurement method selected to measure the target responses. For example, according to
one embodiment, the measurement module may conduct a PCR analysis on a sample and
may therefore be a real-time PCR apparatus. Real-time PCR apparatuses are commercially

available.

30 [0104] In one embodiment of the invention, a sample is placed in the measurement

module 301 where the sample is processed and characteristics of the selected targets (e.g., the
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Forward prinmer for-1 TGAGGGITGTGITAATTGAGCAAGTIG O f X-1SS/ attBScc
Forward prinmer for-2 necll5 12-1-sccnec- TGCGGGTTGTGITAATTGAACAAGTG
Rever se WD@QII/(EOZIZ@ALI TTTTATTCI ICAAAGATTTGAGC Rever se BETABROIOOPHET 1 1-1

- - AAATT [ ;A,%(A,A,]é %( A
pSC-Cr/C [jgg Gﬂ.‘@ﬁ@g Ggr e samp %Tnpq\-gasure 1S J ?a (e.g., t%(é) %%év?c?u%lz gescnbed input

values) is then transferred into the digital computer 300 along a system bus 304, and an

appropriate call algorithm or analytical model can be applied to the response data using the
processor 307. The instructions cause the processor 307 to execute the call algorithm or
5  analytical model (as described above), which may be stored on a computer readable medium

such as the RAM 306 or disk drive 305. The data representing the call algorithm and/or the
analytical model can also be stored on this same media. The output from the application of
the call algorithm or the analytical model can then be displayed on the display 308 or other
output device (e.g., a printer). For example, the previously described boundary functions and

10 their associated graphs may be displayed on the display 308 or output in some other manner.
Thus, the information from the measured sample can then be used to either help build a

model or determine whether the sample contains MRSA.

[0105] As noted above, in some embodiments, the computer readable media may
store or include code which can be executed by the processor to implement a method for

15  forming an analytical model. In one embodiment, the method may include: entering into a
digital computer, at least a plurality of first input values associated with a first genetic
element, a plurality of second input values associated with a second genetic element, and a
plurality of third input values associated with a third genetic element into a digital computer
associated with a plurality of known samples, wherein each known sample includes a first

20  input value in the plurality of first input values, a second input value in the plurality of second
input values, and a third input value in the plurality of third input values; determining a
threshold value associated with the third genetic element; separating the known samples
using the threshold value into a first set of known samples and a second set of known
samples; clustering the first set of known samples in a feature space defined by the first

25  genetic element and the second genetic element; defining a first boundary space using the
first set of known samples, wherein the first boundary space differentiates a biological status
from other biological statuses; and defining a second boundary space using the second set of
known samples, wherein the second boundary space differentiates a biological status from
other biological statuses. In another example, the method may include entering, into a digital

30  computer, at least a plurality of first input values associated with a first genetic element, a
plurality of second input values associated with a second genetic element, and a plurality of
third input values associated with a third genetic element into a digital computer; creating one
or more intermediate values using at least the plurality of first input values and at least the

second input values associated with a second genetic element using the digital computer; and
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Reverse priner prinmerl2-sccnec-8 newtypeiii- 1 -
CTCTGCTTTATATTATAAAATTACGECTG Reverse prinmer sccnec-14
CGTATGATAYPRENAGBRATAATCCAATATTTC Reverse priner typei VETASEEMOSGASS

CTTGAAATW(XBCT C Rever.se1 ri mer I\J[IE\/\PRI MVERS . 0 I

TGAGCTTTH GFY POIEFCCAMA DIpigeERl st g e oy ntermediate values

CCAATTCALR @Mﬂﬁﬂ AEAGs uBRY EeSBgibdl cBRbuSHWIREeiR the bound

CATTCATTCATW AAACT TA% CTTTC wsieg iRl CORburss ¢ PoUnGaLY space
differentiates the biological status from other biological statuses.

[0106] As noted above, in some embodiments, the computer readable media may
5  store or include code which can be executed by the processor to implement a method for

using an analytical model. The method may include entering a first input value, second input
value, and third input value associated with an unknown sample into the digital computer or
other digital computer, wherein the first input value, the second input value and the third
input value is associated with the first, second, and third genetic elements in the unknown

10  sample; and classifying the unknown sample as being associated with the biological status
using the first boundary space or the second boundary space using the digital computer or
other digital computer. In another embodiment, the method may include: entering a first
input value, second input value, and third input value associated with an unknown sample
into the digital computer or other digital computer, wherein the first input value, the second

15  input value and the third input value is associated with the first, second, and third genetic
elements in the unknown sample; and classifying the unknown sample as being associated
with the biological status using the first boundary space or the second boundary space using

the digital computer or the other digital computer.
[0107] Examples

20  [0108] 199 plurality of test samples were labeled the “Long Beach data collection.”
In this data collection, the following target combinations were tested: 1) orfx, mecA, and
femA, 2) mecA, femA, and SCCmec, and 3) mecA, femA, SCCmec, and MR-Cons. The call
algorithms developed for this data are based on a 2-dimensional elliptical mathematical
model. In one example, the model generates an intermediate value. An MRSA classification

25  result is determined by thresholding on the intermediate value. The mathematical model is

[—x-cos(@) + y -sin(f) — x, |’ . [x-sin(8) + y - cos(8) — y, 1*
a’ b’

the intermediate value, and x and y are the two inputs to this model. For the data collection

formulized as =S8, where S in

of Orfx, femA, and mecA, x and y are mecA and femA, respectively. For the data collection

of SCCmec, femA, and mecA, x and y are SCCmec and Y=f(mecA, femA), respectively. To
30  Dbe specific, Y =f(mecA, femA) = mecA * sin( -0.3) + femA * cos( -0.3)., where -0.3 is in

radian. Xo, o, a, b and 0 are predefined parameters, which are obtained by training this

model with Genetic Algorithm with a given criterion. Given Xo, Yo, a, b and 0, each pair of x
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Reverse primer SCCrec-5n TATGGAAATCCATCTCTACTTTATTGITTTCTTC Reverse prinmer
SCCnec- 6n AATATTTCATATATGTAATTCCTCCACATCTC Reverse primer SE-7-11
CTATTTCTGYRATAGPIBAAACCTTTTCTTCC Reverse priner SE-17 PCT/US2010/056455
CCGTATGATTCATATTAAAATGAATCATA! GG Reverse prinmer SE-13 :
T S o 3P S vicevere. o

ATCCTTCT X T AT ORI SEAAMEFelicab 1 d RAMRRt PHRE®ROId of S (e.g., So). If a sample

produces a less-than-Sy intermediate value, this sample is deemed as MRSA positive. These
call algorithms are based upon a parameterized mathematical model, and are trained with a
5  genetic algorithm to reach the optimal performance, and generate classification results by

thresholding on an intermediate value.
[0109] Sample Preparation

[0110] 199 Nasal swabs were collected and stored in a stuart transfer medium. The
swab heads were removed and each swab head was transferred into a 2 ml sample suspension
10  tube with 1200 pL of Tris based sample buffer with 10 mM Tris pH 8.0 and 1 mM EDTA,
pH 8.0 ~100mg of lmm Zirconia/Silica beads. The bacteria on the swab heads were
dislodged by vortexing the sample tubes at speed of 3000 rpm for at least 15 seconds.

[0111] The swab heads were then sterilely removed from the sample tubes and
transferred into 15 ml bacteria culture tubes with 1 ml of Trypic Soy broth TSB and 6.5%
15  NaCl. The inoculated bacteria tubes were transferred into a 37°C incubator and incubated

overnight with shaking at speed of 200 rpm.

[0112] The presence or absence of Staphylococcus aureus and/or MRSA was then
confirmed. 10 pL of each of the overnight culture broths was streaked on BBL™
CHROMagar MRSA and a BBL™ CHROMagar Staphylococcus aureus plate. 500 uL of the

20 1200 uL sample solution from each tube was then subjected to DNA isolation procedure as
described by Agencourt VirNA kit protocol. This procedure, in brief, began with 200 CFU S.
felis bacteria as process control. 10 units of Achrompeptidase were added to each tube,
mixed well, and incubated in a 70°C waterbath for 4 minutes. A fresh prepared lysis solution
289 pL containing 188 pL of lysis buffer, 1.0 uL of PolyA (600ug/ml), and 100 pL of

25  protease K (6.4 mg/ml) was then added to each sample and mixed well. Each sample was
then incubated at 70°C for 1 minute and then allowed to cool for 2 minutes. Then, 10 uL of
magnetic beads and 575 L of 100% isopropanol were added and mixed well by vortexing.
The reaction contents were allowed to incubate at room temperature for 5 minutes, and then
the magnetic beads were collected by placing the sample tube on a magnet stand for 6

30  minutes to separate the magnetic beads from the sample solution until the solution become

clear.

[0113] Next, the supernatant was aspirated off the samples while being careful not to

remove any beads during aspiration. 500 pL of washing buffer (3.3M Guanidine
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ORFX PROBE-1 ACGCTTCTCCACGCATAATCTTAAATGCTC TaqMan probe ORFX PROBE

ACGCCTCTCCTCGCATAATCTTAAATCGCTC

femA-3 forward femA Forward priner priner

femA- 3 r eWOr8H/IGRZEGTTATAATTTCTATGGTIGITAGTGG  Rever se pPCRAIS2POI0/ESS

?mﬁ%‘m OOT?@% rr]nl\Ei rs%&eurr]; E%]rb‘dtg)%grg %8(?6(1 to the samples and

vortexed for 10 seconds to mix. The tubes were then incubated on the magnet for 4 minutes

10

15

20

(or until clear). The supernatant was then aspirated off the samples again. 900 pL of 75%

freshly prepared ethanol was then added and vortexed for 10 seconds. The tubes were then

incubated on the magnet for 4 minutes until clear. The supernatant was then aspirated off the

samples again and the ethanol washing was repeated one more time. The beads were then

dried on the magnet for 15-25 minutes. When the ring of the beads started to crack, the

sample was eluted. The tubes were taken off the magnet and 25 pL of nuclease free water

was added. The samples were then vortexed to mix. The tubes were then incubated for 5

minutes at 70°C. The tubes were placed back on the magnet and incubated for 1 minute.

The supernatant was then transferred to a clean tube for PCR amplification.

[0114]

[0115]

PCR primers and probes, PCR cycling conditions

The reagents listed in the Master mix table were prepared on ice. According

to the total reaction number, enough Master mix can be prepared by simply adding the

indicated volumes of reagents together in a DNA/RNA/RNase-free tube. The tubes can be

vortexed to mix and then left on ice for later use. 20 pL of each eluent was added to a

Mx3000P 96-well PCR plate (non-skirted) (Stratagene, Cat#401333) (one eluent, one well).

30 uL Master mix was added to each well filled with the eluent, and then mixed by gently

pipetting up and down 8 times or more (a multi-channel might be useful.). The plate was

covered tightly with MicroAmp™ optical adhesive film (Applied Biosystems), and then

centrifuged at 1100 xg for 3 minutes before it is put into the PCR machine.

[0116]

The PCR cycling conditions on the Stratagene MX3005P instrument were set

as follows: 4' @ 37°C (1x); 1 min @ 95°C (1x); 15sec @ 95°C > 10 sec @62°C =30 sec @

58°C (40x). The targets monitored are represented in Table 1 below:
Target Function Oligo ID Sequence
OrfX-ISS/attBScc
orfX-ISS Forward primer for-1 TGAGGGTTGTGTTAATTGAGCAAGTG

Forward primer

Reverse primer

Reverse primer

OrfX-ISS/attBScc
for-2

meclI512-1-sccmec-

3

primer11-1-sccmec-

23

TGCGGGTTGTGTTAATTGAACAAGTG

TCACTTTTTATTCTTCAAAGATTTGAGC

AAATTGCTACTAAAGAGGATATGGAAAACCATC




mecA-2 forward nmecA Forward primnmer primer GCAGAAAGACCAAAGCATACATATTGA
MecA- 2 reverse Reverse prinmer prinmer GCCTATCTCATATGCTGITCCTGI TagMan
probe mecWERBPARMZACCGAAACAATGTGGAATTGGECCA S.felis | C f BERAISA010/08G465 pri nmer
Sf f or wardnew 7

Reverse primer primer12-sccmec-8 | CTCTGCTTTATATTATAAAATTACGGCTG

Reverse primer

Reverse primer

newtypeiii-1-

sccmec-14

typelVe-scceme-2

CGTATGATATTGCAAGGTATAATCCAATATTTC

CTTGAAATGAAAGACTGCGGAGGCTAAC

Reverse primer NEWPRIMERS TGAGCTTTTTCCACTCCCATTTCTTCCAAA

Reverse primer SCCmec-4nV GCAATTCACATAAACCTCATATGTTCTGATAC
Reverse primer SCCmec-3n CATTCATTCATCCACCCTAAACTTAATCTITTC
Reverse primer SCCmec-5n TATGGAAATCCATCTCTACTTTATTGTTTTCTTC
Reverse primer SCCmec-6n AATATTTCATATATGTAATTCCTCCACATCTC
Reverse primer SE-7-11 CTATTTCTGTAATACTTAAAACCTTTTCTTCC
Reverse primer SE-17 CCGTATGATTCATATTAAAATGAATCATACGGAGG
Reverse primer SE-13 CTTCTTATGAAATGTCTTTTTTCACITATCC

TagMan probe orfx probe-2 ATGCTTCTCCTCGCATAATCTTAAAYGCTC
TagMan probe ORFX PROBE-1 ACGCTTCTCCACGCATAATCTTAAATGCTC
TagMan probe ORFX PROBE ACGCCTCTCCTCGCATAATCTTAAATGCTC

femA-3 forward

femA Forward primer | primer GACCGTTATAATTTCTATGGTGTTAGTGG
femA-3 reverse
Reverse primer primer GTCACCAACATATTCAATAATTTCAGC
TagMan probe femA-sa-probe ACAGAAGATGCTGAAGATGCTGGTGT
mecA-2 forward
mecA Forward primer | primer GCAGAAAGACCAAAGCATACATATTGA
MecA-2 reverse
Reverse primer primer GCCTATCTCATATGCTGTTCCTGT
TagMan probe mecAprobe AGACCGAAACAATGTGGAATTGGCCA
S.felis IC forward
(IC) primer Sfforwardnew TGCCAATGTAGATAGTCTTCCAGA
IC reverse
primer sfreversenew AAGTGCCCAGAAGAATGAGTGG
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TGCCAATGTAGATAGICTTCCAGA
AAGTGCCCAGAAGAATGAGTGG WO 2011/ 060222PCT/ US2010/ 056455

| C reverse

pri mer

sfreversenew
| C probe fSfelis

ACCGCCACKOPAIITIREZTACAGCTG SCCnec Forward prinmer O f X- | B6TAISRESO646Dr - 1

TGAGGGTTGTGTTAATTGAGCAAGTG, Forward priner O f X | SS/att Bsce f ars 2
TGOGGGT [GTGTTAATIFBREAAGTG| fHeler se pri qeyCCOCCACCATIATTACGTACAGCTG
OrfX-1SS/attBScc
SCCmec Forward primer for-1 TGAGGGTTGTGTTAATTGAGCAAGTG
OrfX-1SS/attBScc
Forward primer | for-2 TGCGGGTTGTGTTAATTGAACAAGTG
mecll512-1-scemec-
Reverse primer 3 TCACTTTTTATTCTTCAAAGATTTGAGC
primerl1-1-sccmec- |
Reverse primer 7 AAATTGCTACTAAAGAGGATATGGAAAACCATC
Reverse primer primer12-sccmec-8 | CTCTGCTTTATATTATAAAATTACGGCTG
newtypeiii-1-
Reverse primer sccmec-14 CGTATGATATTGCAAGGTATAATCCAATATTTC
Reverse primer typelVe-sccemc-2 CTTGAAATGAAAGACTGCGGAGGCTAAC
Reverse primer NEWPRIMERS TGAGCTTTTTCCACTCCCATTTCTTCCAAA
Reverse primer SCCmec-4nV GCAATTCACATAAACCTCATATGTTCTGATAC
Reverse primer SCCmec-3n CATTCATTCATCCACCCTAAACTTAATCTTTC
Reverse primer SCCmec-5n TATGGAAATCCATCTCTACTTTATTGTTTTCTTC
Reverse primer SCCmec-6n AATATTTCATATATGTAATTCCTCCACATCTC
Reverse primer SE-7-11 CTATTTCTGTAATACTTAAAACCTTTTCTTCC
Reverse primer SE-17 CCGTATGATTCATATTAAAATGAATCATACGGAGG
Reverse primer SE-13 CTTCTTATGAAATGTCTTTTTTCACTTATCC
TagMan probe orfx probe-2 ATGCTTCTCCTCGCATAATCTTAAAYGCTC
TagMan probe ORFX PROBE-1 ACGCTTCTCCACGCATAATCTTAAATGCTC
TagMan probe ORFX PROBE ACGCCTCTCCTCGCATAATCTITAAATGCTC
[0117] In the table above, the probes that have sequences that correspond to SCCmec are

complementary to the right extremity of SCCmec.

[0118]

The table below shows false positive and false negative data generated using

199 samples in the Long Beach data collection and using analytical models according to




mecl 1 512- 1- sccnmec3 TCACTTTTTATTCTTCAAAGATTTGAGC Reverse pri ner
primerl1ll-1-sccnmec7 AAATTGCTACTAAAGAGGATATGGAAAACCATC Reverse pri ner
pri mer 12-WORAHOR2ETCTGCTTTATATTATAAAATTACGECTG  Rever s @CHAISA#N/056455

newt ypei i

[ypel Ve bdlints S B e kARG e L

TGAGCTTTaid&at CCCA' TTTCTTCCAAA  Reverse prinmer SCCnec-4nV

rinmer
VERS

Enrichment Culture Data 1 (59 pos, 140 neg)

FP | FN
1: Strategy A 3-Target clustering (mecA, femA, orfX) 10 2 DxN calling algorithm
2: Strategy C 4-Target clustering (mecA, femA, SCCmec 3 2 DxN calling algorithm
{MRSA), SCCmec (MR-ConS))
3: Strategy C 3-Target clustering {mecA, femA, SCCmec) 3 4 DxN calling algorithm
4: Xpert - 1 Target (SCCmec) 11 2
5: Strategy C 1-Target (SCCmec) 11 4 Published call algorithm
6: Strategy C 2-Target (SCCmec, mecA) 10 5 Published call algorithm
7: Strategy C (SCCmec, mecA) Ct comparison (+4ct) 5 7 Published call algorithm
8: Strategy C 2-Target (SCCmec, femA) 5 Published call algorithm
9: Strategy C (SCCmec, femA) Ct Comparison 3 5 Published call algorithm
10: Strategy C 3-Target (SCCmec, mecA and femA) 5 Published call algorithm
11: Strategy A 2 target (femA and mecA) 38 1 Published call algorithm
12: Strategy A 2 target ( orfX - ve) Ct comparison (+4ct) 24 5 Published call algorithm
13: Strategy A 3 targets (mecA, femA, orfX) 18| 25 Published call algorithm
14: Strategy A 3 targets (mecA, femA, orfX) Ct comparison 17 5 Published call algorithm
(x4ct)
[0119] The first three analytical models (1 to 3) are those produced according to

5  embodiments of the invention, and show good results. The first analytical model entitled

Strategy A using three target clustering and the process described above (e.g., as in FIG. 1)

yielded 10 false positives and 2 false negatives. The second analytical model using Strategy

10

15

20

C and 4 targets yielded 3 false positives and 2 false negatives. The third analytical model
using Strategy C yielded 3 false positives and 4 false negatives. The methods associated with
Strategy A and Strategy C are described above (e.g., as in FIG. 5). In the case of the 4 target
Strategy C example, MRConS was used as additional target to differentiate MRSA samples
from non-MRSA samples.

[0120] The remaining data shows data that was processed according to published call

algorithms. Some of the details of such algorithms are provided below.
[0121] For 4: Xpert is a known and commercially available test.

[0122] For 5: Strategy C 1-target; SCCmec is the target. If an SCCmec Ct value is
less than 32, then MRSA is present. If the SCCmec Ct value is larger than 32, then there is
no MRSA.

[0123] For 6: Strategy C 2-Target (SCCmec, mecA): If both SCCmec and mecA are
less than 32, then MRSA is present. If SCCmec is larger than 32 or mecA larger than 32,
then there is no MRSA.
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GCAATTCACATAAACCTCATATGITCTGATAC Reverse prinmer SCCrec- 3n
CATTCATTCATCCACCCTAAACTTAATCTTTC Reverse primer SCCnec-5n
TATGGAAATNCATOTBIRETTTATTGITTTCTTC Reverse priner SCCnmBETB1$2010/056455

o LIS R AD =GB (b rsceme s
CCGTAT GAL AT 6 HAGAMNT TART GARACTHAPther EBMR MR SPY. | IB6thSFEAec and mecA Ct

CTTCTTATGAAATGICTTTTTTCACTTATCC
values are less than 32, and the delta Ct between SCCmec and mecA is less than 4, then

MRSA is present. If the delta Ct is larger than 4, then MRSA is not present.

5 [0125] For 8: Strategy C 2-Target (SCCmec, femA): If both SCCmec and femA are
less than 32, then MRSA is present. If SCCmec is larger than 32 or femA is larger than 32,
then there is no MRSA.

[0126] For 9: Strategy C (SCCmec, femA) Ct Comparison: If SCCmec is larger than
32 or femA is larger than 32, then there is no MRSA. If both SCCmec and femA Ct values

10 are less than 32, and the delta Ct between SCCmec and femA is less than 4, then MRSA is
present. If the delta Ct is larger than 4, then MRSA is not present.

[0127] For 10: Strategy C 3-Target (SCCmec, mecA and femA): If SCCmec, mecA,
femA are larger than 32, then MRSA is not present. If mecA is larger than 32, then there is
no MRSA. If SCCmec is larger than 32, then no MRSA is present. If mecA and femA are

15  both less than 32, and SCCmec is larger than 32, and the delta Ct value of mecA and femA is
less than 4, MRSA 1is present.

[0128] For 11: Strategy A 2 target (femA and mecA): If both femA and mecA are less
than 32, then MRSA is present. Otherwise, there is no MRSA.

[0129] For 12: Strategy A 2 target ( orfX - ve) Ct comparison (+4ct): If both femA
20  and mecA are less than 32 and the delta Ct between femA and mecA is less than 4, then
MRSA is present. Otherwise, there is no MRSA.

[0130] For 13: Strategy A 3 targets (mecA, femA, orfX): ): If both femA and mecA
are less than 32 and orfX is negative, then MRSA is present. Otherwise, there is no MRSA.

[0131] For 14: Strategy A 3 targets (mecA, femA, orfX) Ct comparison (£4ct): ): If
25  both femA and mecA are less than 32 and orfX is negative, and the delta Ct value between

mecA and femA is less than 4, then MRSA is present. Otherwise, there is no MRSA.

[0132] The software components, steps, or functions described in this application,
may be implemented as software code to be executed by one or more processors using any
suitable computer language such as, for example, Java, C++ or Perl using, for example,

30  conventional or object-oriented techniques. The software code may be stored as a series of
instructions, or commands on a computer readable medium, such as a random access memory

(RAM), a read only memory (ROM), a magnetic medium such as a hard-drive or a floppy
27



TagMan probe orfx probe-2 ATGCTTCTCCTCGCATAATCT' TAAAYGCTC TagMan probe
ORFX PROBE-1 ACGCTTCTCCACGCATAATCTTAAATGCTC TaqMan probe ORFX PROBE
ACGCCTCTOE’II’@QIIA’BMTCTTAAATGCTC 101171 In the tabl e abo?@T/ltSh@lO/@S@E%s t hat

have seq nces t hat corres c are he right
extrenit Pr§%EW§@'HT6%T% @sﬁggfgggglﬁvP§W' gr“’%%ﬂ Ve 'ahd*Y al se
negat i ve, gpfeaidd 8ARF dithth 4/sih g corhPhtafianm apSarkils, ta'ﬂ@ nltd?/rlﬁa ﬁ@@ﬁhoxﬂdﬁ WRithin

col l ection and using anal ytical nodels accordlng to

2011/ 0603 fpRATt WSROI baEG eseh withrehs ystent OItrrféwplikvent ion (as described
above) and anal ytical nodels using other call algorithns. Enrichment
Culture [pas3 1 (55¢ESemBddimeeg)of the grédehNnvention can be implemented in the form

5  of control logic in software or hardware or a combination of both. The control logic may be
stored in an information storage medium as a plurality of instructions adapted to direct an
information processing device to perform a set of steps disclosed in an embodiment of the
present invention. Based on the disclosure and teachings provided herein, a person of
ordinary skill in the art will appreciate other ways and/or methods to implement the present

10  invention.

[0134] Any recitation of "a", "an" or "the" is intended to mean "one or more" unless

specifically indicated to the contrary.

[0135] The above description is illustrative and is not restrictive. Many variations of

the invention will become apparent to those skilled in the art upon review of the disclosure.
15 The scope of the invention should, therefore, be determined not with reference to the above

description, but instead should be determined with reference to the pending claims along with

their full scope or equivalents.

[0136] All patents, patent applications, publications, and descriptions mentioned
above are herein incorporated by reference in their entirety for all purposes. None is admitted

20  to be prior art.
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1: Strategy A 3-Target clustering (nmecA, femA orfX) 10 2 DxN calling
algorithm2: Strategy C 4-Target clustering (nmecA fem SCCrec (MRSA),
SCCnec (MROCOHANY223 2 DxN cal ling al gorithm 3: Strat egPCTB2MNG0FEDS
clustering ( t[e 5CCmec) 3 4 DxN calling algorithm4: Xpert - 1
Target ( - Strategy C 1-Target (SCCnec) 11 4

1. A method comprising:

entering into a digital computer, at least a plurality of first input values
associated with a first genetic element, a plurality of second input values associated with a
second genetic element, and a plurality of third input values associated with a third genetic
element associated with a plurality of known samples, wherein each known sample includes a
first input value in the plurality of first input values, a second input value in the plurality of
second input values, and a third input value in the plurality of third input values;

determining a threshold value associated with the third genetic element;

separating the known samples using the threshold value into a first set of
known samples and a second set of known samples;

clustering the first set of known samples in a feature space defined by the first
genetic element and the second genetic element;

defining a first boundary space using the first set of known samples, wherein
the first boundary space differentiates a biological status from other biological statuses; and

defining a second boundary space using the second set of known samples,
wherein the second boundary space differentiates the biological status from other biological

statuses.

2. The method of claim 1 wherein the first genetic element comprises
mecA, the second genetic element comprises femA, and the third genetic element comprises

OrfX, and wherein the biological status comprises an MRSA status.

3. The method of claim 1 or 2 wherein the first boundary space and the

second boundary space are defined by first and second ellipses, respectively.

4. The method of any of claims 1 to 3 wherein the first, second and third

values are Ct values.

5. The method of any of claims 1 to 4 further comprising, prior to
entering:
subjecting the known samples to conditions that will expose nucleic acids in

the known samples; and
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Publ i shed call algorithm®6: Strategy C 2-Target (SCCnec, mecA) 10 5
Publ i shed call algorithm7: Strategy C (SCOrec, necA) Ct conparison (4ct) 5
7 Publ i sMOQOUA6P223| gorithm 8: Strategy C 2- Target (SCCREF/USRHMHAF643S 5

Publ i shed call algorithm9: Strate C (SCCnec¢, fenmph) Ct ' 35
Publ i shed cal | al gornlifiimegeod dejer e 9P€§(S§l°?é‘P é?“%@ééﬁéb?%%%ﬁ%%ﬁ%m 2

° element, the second genetic element and the third genetic element.

6. A computer readable medium comprising code executable by a
processor, for implementing a method comprising.

entering into a digital computer, at least a plurality of first input values
associated with a first genetic element, a plurality of second input values associated with a
second genetic element, and a plurality of third input values associated with a third genetic
element associated with a plurality of known samples, wherein each known sample includes a
first input value in the plurality of first input values, a second input value in the plurality of
second input values, and a third input value in the plurality of third input values;

determining a threshold value associated with the third genetic element;

separating the known samples using the threshold value into a first set of
known samples and a second set of known samples;

clustering the first set of known samples in a feature space defined by the first
genetic element and the second genetic element;

defining a first boundary space using the first set of known samples, wherein
the first boundary space differentiates a biological status from other biological statuses; and

defining a second boundary space using the second set of known samples,
wherein the second boundary space differentiates the biological status from other biological

statuses.

7. A digital computer comprising the computer readable medium of claim

7, and a processor coupled to the computer readable medium.

8. A system comprising a measuring module coupled to the digital

computer of claim 7.

9. A method for using an analytical model created according to the
method of any of claims 1 to 5, wherein the method for using the analytical model comprises:

entering a first input value, second input value, and third input value
associated with an unknown sample into the digital computer or other digital computer,
wherein the first input value, the second input value and the third input value is associated

with the first, second, and third genetic elements in the unknown sample; and
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Publ i shed call algorithm11l: Strategy A 2 target (femA and mecA) 38 1
Publ i shed call algorithm12: Strategy A 2 target ( ora - ye) C conparison
(4ct) 24 WO2pLM6PRRAed call algorithm 13: Strategy A 3 t REFGAISVIVRBEAT f emA,

orfX) 18 25 Published cal] al ith 4: Strat 3. A, femA
orfX) corrpalrji sBﬁasgﬁxég)th@l%l%%wwmrpl?gf’r?é&’elf’tﬁ%sg&%@@rWtﬂhﬁi{eg‘[elt@]%@?ﬁsﬁ@“? i rest
three analiyd e %lrst BBy {dack 8r e sBERAIIBARGr P 5PAY G81 e ARE e HAINGnipter or

Senbodi ments of the invention, and show good results. The first analyti cal
nodel endthéd dagital computer.

10.  The method of claim 9 wherein the biological status comprises a

MRSA status.

11. A method of creating an analytical model, which differentiates a
biological status from other biological statuses, the method comprising:

entering, into a digital computer, at least a plurality of first input values
associated with a first genetic element, a plurality of second input values associated with a
second genetic element, and a plurality of third input values associated with a third genetic
element; '

creating one or more intermediate values using at least the plurality of first
input values and at least the second input values associated with a second genetic element
using the digital computer; and

creating a boundary space for the biological status using the one or more
intermediate values and the plurality of third input values using the digital computer,

wherein the boundary space differentiates the biological status from other

biological statuses.

12.  The method of claim 11 wherein the first genetic element comprises
mecA, the second genetic element comprises femA, and the third genetic element comprises

SCCmec, and wherein the biological status comprises an MRSA status.

13.  The method of claim 11 or 12 wherein the boundary space is defined
by an ellipse.

14.  The method of claim 13 wherein a cost function is used to optimize the
ellipse.

15. The method of any of claims 11 to 14 wherein the first, second and

third values are Ct values.

16. The method of any of claims 11 to 15 further comprising, prior to
entering:
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Strategy A using three target clustering and the process descri bed above
(e.g., as in FIG 1) yielded 10 fal se positives and 2 fal se negatives. The
second arMiPy011&P22dodel using Strategy C and 4 targets YCEU$eH035¢4a% se
positives and 2 fal se negatlves The third analytical nodel u |n Strat egy
C yielded 3 fal se %’g’ﬁcflp%g? samgles 19 sprcations dhativill EXPesR AURISIHS, oci at ed
with 10 § g’fé A and Strategy C are descri bed above (e.g., as in FIG 5).
In the casé of t%e 4 target Strategy C exanple, MRConS was used as

addi tional target amplmﬁyﬁfgandrdteteatleg Mé@ﬁessmqﬂnés‘pquumﬂq{@hlemﬂ% Sestrpérstic

[0120] The remajnin ata shows t was cess ed according to
publ i she%e’EﬁlFtt thgys Sﬂgﬁlgﬁf}ﬂgﬂc %ﬁﬁ@‘g gltlT‘? Hglggl?ﬁt g éhch al gorithns are
provi ded bel ow. 15[0121] For 4: Xpert is a known and comrercially avail abl e

test. [0122] For 5: 15t rahe@putet réadbletnedRERABOPIiSing bedd aegehble bl aan SCCmec
Ct value is less than 32, then MRSA is present. If the SCCnec Ct value is

| arger tPaAesse, farfimplomeatiag P@%@WHSPE&%] For 6: Strategy C 2-Target
(SCCrec, necA): |If t MRSA is
erg%%r iy 9&? g%rgﬁgt'ré} i\& 9 yhﬁﬁﬁty dr Eﬁ@st@x%puttvlaﬁl@s :

present. If SCCrec 1S rger “than 32, then there is
no MRSA. ass¥iut2d i/lﬁl&&ﬁkzﬁgdﬂ@f[é hlSﬁ'féﬂxO/aqb!ﬁﬁrdﬁt& off 0dcd4{l Frgrut valuSt atsaocagyd @ithSCCnec,

mecA) Ct conpari son (4ct) .S, larger than 32 s larger
than 32, Seﬁﬂ’ggﬁf’%? glepgenh@n%g}jgralpty ggllﬁj 3@&@@%%‘50%{?& veigh 9@? U’e%enﬁtr“e | ess
than 32, japdyt he delta Ct between SCCrec and necA is less than 4, then MRSA
is present. If the delta C is larger than 4, then MRSA is not present 5

[0125] For 8: Strat exggrtlr@ GheTamyet itSORdELS vﬂemagsmg 4t 1¢sst the plooaily oafiastf emA
are |less. than 32, rese er t.han or femA
o1 ar galPERE o an A e e oRE R s S ray wop & ot A Eep i e

femh) CyGormpardigtnco I\flgiutmc is larger than 32 or femA is |arger than
32, then there is no A. | f both SCCnec and femA Ct values 10 are | ess

than 32, and the deleatings boymdapenasconite hiplegicalstatis using theoRgQr MO1§ hen VRSA

IS presen .t sent.
[0127] FollI&ef'Ei1 d@t 4 ueegy ét}gplhél?‘%é? 5%@%%@??@%%%%%&?%‘?&%%@ mecA,
femA are |arger thahedd tht Beind¥RBAvacs diftirerpiags eind bioldgidabstAtus Srohasther t han
32, then there is no MRSA. If SCCrec is larger than 32, then no MRSA is

pr esent . bipjogiRa HAWESF- f emA are 15 both | ess than 32, and SCOvec is |ar ger
than 32, and the delta C value of necA and femA is less than 4, MRSA is

present. [0128] For %%1 §t({lgﬁ£g}5n@1§8rt:&59ﬁéln§% fhr FEEADTe nhddiltRRC BN

and mecA are |ess an 32, then A 1S present. herwi se, there is no
MRSA. [ 01R9h#&arprd@sscdcoailedio the 2ompnigeteadatde fkdiunye) Ct conpari son (4c0: |f
both femA 20 and necA are less than 32 and the delta & between femA and

mecA is less than 4 t h%nsylglclgr%péc}rgpr%'i’negsae El%asu%ig%{o\éfufe cou'f)ﬂ:ﬁ gtﬂesd@l?al MRSA.

computer of claim 18.

20. A method for using an analytical model created according to the
method of any of claims 11 to 16, wherein the method for using the analytical model
comprises:

entering a first input value, second input value, and third input value
associated with an unknown sample into the digital computer or other digital computer,
wherein the first input value, the second input value and the third input value is associated
with the first, second, and third genetic elements in the unknown sample; and

classifying the unknown sample as being associated with the biological status

using the boundary space.

21. A method for determining the presence of methicillin-resistant

Staphylococcus aureus (MRSA) in a sample, the method comprising:
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[0130] For 13: Strategy A 3 targets (nmecA, femA orfX): ): If both femA and
mecA are less than 32 and orf X is negative, then MRSA is present.
O her wi séyOuAEY®0328 no MRSA. [0131] For 14: Strategy A 3PCAAFRYIY/OFHET A,

femd, orfX) C co rison,.(4ct): ): 1£..25 both..fem A are | t han
32 and orfX is neﬁ%?e\‘? ng Q%cfa?‘%?]ae té@f’?c;'ltlefs t\l?}%ﬁwulél ?@P@ggnﬁgﬁaghdg °1f§1§ is
| ess t haguctbriatppgentMRMe sasné;esent . Qtherwi se, there is no MRSA. [0132] The

sof tware components, steps, or functions described in this application, my
be i npl enent ed as ¥Bplifyineand slgtecting the pessercn g APUBHOTSE leagmacey. 9l&ssor s

using a ) andava, C++ or

Per | us?&é&?a%t%@@é%g%p&?@é%&% si)gﬂgg%g%%ﬁp%@g%{egé%%@ﬁeg&techni ques. The
sof tware code nay dseratiningthagresensenf BRI in the sampleibgrsecwing@anatiands on a
conmput er readabl e nedium such as a ran access nmenor ., a,read only
rertor y (RN T h S eHP G K ATEaeD 8 BPis o | Iphe e ed
2011/ 06%%1%5%6&@%%%6‘%@%@ bk, afd ﬂélrst%fyme%cu@%qfeugnsﬁm @focR oGl ROM

OYIIC :
Any such conputer readable nmediumnay al so reside on or wwthin a single

conput atseqnalce appeteaning whathdr MRS A& peestint the sangplehditin thié ¢4llbalgerithm

conput at i onal paratuses within.a system or rk 133] So

oo e 2 e PREA G SEe 1 e e o fRSAL Kbt F B oot
control ¢@RiiEbdlbwaQhiciRsie volue Nk SWRrRe o411 Ag6ofhl 1aé h 8stodll bbeidary dhaee eont r ol
|l ogic may be stored in an information storage nediumas a plurality of

i nst r uct desermincidpreesenes ofilYBREA wlreni the detaeied amopricd @5 gbaes/ihedhrediohdr f or m
a set ofvashgeps di scl osed in an enbodi nent of the present invention. Based
on the discTosure and teachi ngs provided herein, a person of ordinary skill
inthe art will appreciate other ways and/or nethods to inplenent the
present 10i nventi o2. [ OTBnAthyd o€ claim il avhesdin e Staplgmdcoocusdunmis-spscifint ended
to nean "one or nore" uné ess specifically indicated to the contrary.

[ 0135] TH@r&eh8WE G F ptieBiis illustrative and is not restrictive. Many
variations of the invention will becone apparent to those skilled in the

art upon review ofyf he ghSglL@RHLEcladd D1Qr 28 MRr@ tHeTorst BHGRNAyAPacehR b
therefore, be determned not with reference to the above description, but

i nst ead sshoud bourdaryespe¢cnarn ddthyillipticabbeundacyespaesst he pendi ng cl ai ms al ong
with their full scope or equivalents. [0136] All patents, patent

, appl ' cat i ons, publ M;at i i meﬁfgg o?gl%%‘[x'ZB%}%?a NG Ijspt%b%%dary spa@ebé?l\ﬂeth@r e
herein incorporated by reference in their entirety tor all purposes. None
i's adm tdeeohBdumdie gphictiav@ibbth undergone translations and angular displacement around an

origin.

25. The method of any of claims 21 to 24 wherein the first boundary space
and the second boundary space are both defined as a function of the measured amounts of

mecA and the Staphylococcus aureus-specific target gene sequence.

26.  The method of any of claims 21 to 25 wherein a cost function is used

to find the optimal parameters for the first and second boundary spaces.

27.  The method of claim 26 wherein the cost function is defined by the

formula;:

cost =c; * FN# + ¢, * FP#.

28.  The method of any of claims 21 to 27 wherein the first boundary space

and the second boundary space are functions defined using a neural network.
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WO 2011/ 060222PCT/ US2010/ 056455 WHAT 1S CLAIMED I S: 1. A

nmet hod conpri si ng: entering into a digital conputer, at |least a
pl ural i t YWOR20§1/468322j nput val ues associated with a first PGEABSRIIO/08G4ENent, a
plurality of second input val ues_associ ated. w secqn neti.c el enent,
and a plurality of2%nirH§ WE@PS\S’QF% ‘é%‘%%ilat?ég ‘Y?Qefeﬂn g’etdfﬁgtﬁffuﬂg?fé’tsp%ce

el ement .ﬂﬁ%ﬁ&ké&%ﬁ&i}nw&dﬁrﬁs FasRlAd ool dkMRWsTRIN@StC MBeH@LDN each known
sanpl e includes a first “input value in the plurality of first input val ues,
a second input value in the plurality of second input values, and a third
input value in the plurality.of third.input,,valyes: det.erm ni t hreshol d
val ue associ at ed V\}(fh tﬂlée rtnﬁ‘ihf’ﬁ Oggli’Ve?l?céalgiSeerﬂtz,B Wsherelﬂhe pre&ngeg%rglr ating the
known sagmphiass sisdt kst Bec A res el dhy/stapieylbdicusadréussdpeSifit tarbetkgravsequanie! es
and a second set of known sanpl es; clustering the first set of
known saimphesanime arefdetacipddysigalcenelBERned by the first genetic el enent and

t he second genetic el enent; defining a first boundary space
using the first set of known sanples, wherein the first boundary space
differentiates a b3bpl ogTeamesivatofislafm G0 wdichsn thei amhagpitsoa] at &astt rase’s ;or@hd
defining a second boundary space using the second set of gnomn sanpl es,
wher ei n #Kdhe SEPRHOBRATHE AFFUSIRECHICIAISP PR SPRICRSe FRABFYLO L B4Sst at us fr om
ot her bi ol ogi cal statuses. 2. The nethod of claim1l wherein the
first genetic el enent conprises necA, the second genetic el ement conprises
femd, and the thir32.genEhe method e nlaimo Giprlicsas therthi¢sheld dalua s approximately

bi ol ogi c sﬁat us conprises an MRSA st at us. 3. The net hod of
claim1 ot “¥'Skherein the first boundary space and the second boundary space
are defined by first and second el lipses, respectively. 4. The
net hod of any of cii msakytemIonb&EhifinghBe hicksice of aediidllanttsistint d val ues
are ¢ val ues. 5. The nmethod of any of clainms 1 to 4 further
conpr i si Bigprhylp¢aseus dreyst @FRPuy) in a sample, the sysehfEeRIHRE t he known sanpl es to
conditions that w || ex ' i bR : ' WO
2011/ 060222PCT/ usz%%%ﬁgg%‘é%&&h% g"{p%bl%%f%glrl%%f‘%‘? 5‘.1%3&%%3‘3‘%’%‘?? ?“ﬁggﬁ‘he

pr esenceaadchtaoDatnést kc Al orfX¥agid 4 $tepiiilsiccgenmetisespedifmearget gehe ssmensed
genetic elenment and the third genetic el enent. . ...6. A conputer

r eadabl einriBelFampleoMprrrigithgsarrie hastacn subirgedip conditipps that will egpose 189 enent i ng
a net hod LSl . : I into a digital conputer, at |east
a plural ?‘?C;?ag?&‘?% ?g%nyibnaﬁhegla\?gfsgrétslﬁgﬁsf%a(lgxiﬂg?’ed with a first genetic el enent,
a plurality of secencnionptd stvlthedetagsbamnatmsd fpirt the messworgimedet i ¢

Geneti ¢ el anent | astouPREaaTHNE el tnteyiogroRRaRn -Sufle bR 1 each
known saiRirgctidas kdtdecdinlla il al gb@lﬁ!ﬁm}/@hé{@iﬂ: tRe tAEalRbHthad idel a®fnpltsra leaktnput

val ues, a second input value inthe plurality of second input values, and a
third i nfhetdeteatedeni maahued pumennts oy meeAt erfX dandipe Staphyleeeccus aWsHsFRECHY a

threshol d val ue associ at with the thi e I C. : :

separ at i {:}g%ﬁgneksﬁ(gyﬂwg 3%@?‘8‘%“‘8% Wﬁlﬁﬁ\eﬁg/h{gé gssé}g%ecril?Wa ggﬁﬁ I“&111{3 ovaopintecall o

known sagpbetnaidds a fEQWINHdEepak tk dersrnia iy @ssence of MRSA whew thesieerciedg t he

first set of known saniol es in a feature space defined by the first genetic
iu

el enent ameuntips oxfeis bgloyemdirpshold akys pwherein the call algoriffupuagsfgseqond r st

boundary e usi ] f IR teMBE LA LIt JT® ) 1St
boundar ybétgngd%rey sg)l% %r&eeﬁ%nfé}%getégg%g%%ﬁ%oogf:ﬁ@%mgat uisv"e? ?gm otxl?ller bi orogiscal
st at usesab@rdhe threshold value; d&f i ni ng a second boundary space using the second

set of known sanples, wherein the second boun space differenti S the
bi ol ogi cal status PEPERACHORE SHSCHE LR OMPWEHE iey codE Of the computer readibfe

medium in order to determine the presence MRSA in the sample.

34. The system of claim 33 or 34 wherein the Staphylococcus aureus-

specific target gene sequence is femA.

34



7. A digital computer conprising the conputer readable mediumof claim?7,
and a processor coupled to the conputer readable nmedi um 8. A
syst em cOWPr2PEVG6H223 neasuri ng nodul e coupl ed to the di giPCAIUSBHA9GG4ET oOf

claim7. 9._A netho or using .an apal ytical nodel eat ed

according to the method SYSIRR fCﬁ%ﬁnaﬁr’?ﬁhe%elpgh%grs\‘}\/ﬁ%?"éﬁW PRE %‘f‘hgd f or

usi ng trb%ccﬁﬂadcﬁéhhﬁ?lsp&'@éq@é b&tﬁ%ﬁfﬂti@@lsdqundar%/ spaces. entering a first input
u

val ue, second i np value, and third input val ue associated with an unknown
sanple into the digital conputer or other digital conputer, wherein the

first input value,, the second i t. V. ! [ ' eis
associated with th3 fi r@fe, Sygtgglo%g:?alrélnﬁl ‘?ﬁ?rglgqgéeﬁgstt %Q&%Gﬁg’nﬂ%? ésal?/(ﬂdh? he
unknown gasaal ‘t%un@zﬂg sp¥R 1204 bHDGRALDBRT {rhiS2Aiba ARG dibdmlar displacement around an
classifying the unknown sanple as being associated with the biol ogical
status uw¥ig®y the first boundary space or the second boundary space using
the digital conputer or other digital conputer. 10. The net hod
of claim9 wherein the biological status conprises a MRSA stat us.

11. A nethod of cr¥ati nMphesysenadfnyediclamsdd fo Mhivbbredi the dirs hoivadaey space

bi ol ogi cal status_from ot her bi g):o%g(iﬁ%al st atuses, gp}e met hog conpri sing:
ent eri ngend;the srcandibeyndary warpErede dfined a5 ¢ TUpCHPy pLRCIYeasEref AMOpNs L ¢

val ues alﬁé@&hﬁ&ﬁ:&xm th a first genetic elenment, a plurality of second input
val ues assoclated with a second genetic elenment, and a plurality of third

i nput val ues associated with a third genetic el enent; creating
one or nore inter i ate val yues usin t | t.4th I u I i | nput
val ues and at |east®the ees(?'éﬁ‘gl ?{; toq\‘/;ganaggg %%?)‘(’:Vi%g lendg\(?ésltt%%acaéléggonsga td
genetic @lLHeRbtikal ?@a&@@rs@bﬂth@%rst%ﬁ@%&ﬂ;boaﬂ@r% spaces. creating a
boundary space for the biological status using the one or nore internedi ate
values and the plurality of third i nput values using the digital conputer,
wherei n the bound S e di ' [ i cal - I ot her
bi ol ogi cal stat usg?.l' Pfie S}g{em 8{&?@ %rﬁ’g’e%}qﬁgﬁ%ﬂﬁ%g#’ﬁ%%ﬁg&éﬁg t he
first gefehia: el enent conprises necA, the second genetic el ement conprises
femA, and the third genetic_el enent conprises SCCrec, and wherein the

bi ol ogi cal status €& pci S &R CVRER? st at us. 13. The net hod of
claim1l or 12 wherein the boundary space is defined by an ellipse.

14. The method of claim 13 wherein a cost function is used to optim ze the
el lipse. 40. 1Bhe fsenref frybfclaimay3 o6 32 wdicresn the firet bbandgigspios t he
first, secoBd and %hir val ues e Ot vaéu%is.. 1 16. The met hod
of any oftddheserond poynlagyspage predpnctons APURSfising ¢ pgural pelyork: g

subj ecting the sanples to conditions that will expose nucleic acids in the
sanpl es; and 41.  ThaSRtdnl ¥ Y FthitleBeas BOg/Hetein Hedhsrmandang spaeunt s
of at least the first genetic elenment, the second genetjc el enent and the
third gerstthe sesoadbapndary space are functiopy definedosig 2Ecels 4ONE e di um
conprising code executable by a processor, for inplenenting a method
comprising: - ap TROLEENGr ady Q130 ib Al AR iRfpradthed AR5 2
plurality of first Thput values associated with a first genetic elenent, a
pl ur al i t ymedntsefariehst mpud, sdK pasl ths Saphglbectcus tilress-specdvdaggehgtieseglonpent |
and a plurality of third jnput_ val associated with a third genetic

el ement ; in the sample are deé‘?cé%i ﬁ@abﬁ@eg’&mre i ntermedi ate val ues using at

| east the plurality of first input values and at |east the second input

Valjues associ ated with @nsaEANA NS4 WheoR ke ARbNGs bh@ 16isginkal, @BXput er ;
an

and the Staphylococcus aureus-specific target gene sequence are measured in cycles.

44. The method of claim 43 wherein the threshold value is approximately

45 cycles.

45. A computer-readable medium comprising:
code for a call algorithm, wherein the call algorithm uses as inputs at least the

detected and measured amounts of mecA, orfX, and a Staphylococcus aureus-specific target
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creating a boundary space for the biological status using the one or nore
internedi ate values and the plurality of third input val ues using the
di gital ANOR0O11460222 wherei n the boundary spac@CHIUSREOBMHPAt es t he

bi ol ogi cal status from ot her. bj ol.ogi.gal statuses. . 18. A

i gi o EomIt o R S e RSBt P Bl AR B emels whesin Bestlh 11 and a
pr ocessoflg&AHR] s & Birdt BBuSRIPLHRE td @AStAIhSthERHsEide of MRSA when the 8&ectéd
system conprising a nmeasuring nodul e coupled to the digital conputer of

cl ai m 18gmount of ortX is beloper thyesheldivgtnes whergisi the calhalaprihyn weeap spiswel cr eat ed
accor di ntgouglﬁallyrlﬁa&'?t%) %%%ggfne%?é/ I%Len% gf M?RS’% when gh%’ dem?gdea{n?oﬁlg ?f 5@5('?9 d for
usi ng the analFytical node con%rlses. entering a first 1nput

val ue, sgoathdthipdioldabhlwe, and third i nput val ue associated with an unknown
sanple into the digital conputer or other digital conputer, wherein the
first input value, the secopd input value and the third input.value is
associated with t h‘éé'f ir tn?etg‘é‘l:%ﬁﬁ,etegﬁ’gﬁ“%ﬁ“? gresentsot (?leéli‘l@lﬁ]érﬁfeéls Rt ¢ he
unknown s@pmfissoctittaureus (MRSA% in a&<afHH, I HEndD @oﬁﬁﬂfﬁggm sanpl e as being
associ ated with the biological status using the boundary space.

21. A method for debgchigihegatipée forcesditions bt wik ¢xipokd the mueleisi astdarof any

St aphyl ococcus aur eu MRSA) in a sanple, the nethod conprising: WO
2011/063%? %@@HT%?%%%%% _ subj ecting the sanple to conditions
that will expose thfplifyalgaind dRecHss e pRét¥nhagldemaunty &€ Mastiedd)e sanpl e;
anplifying and detecting the presence and anounts of at |east necA, orfX
and a St 3phicocid cudaphyecescuspatdupispedife teget gepfesegaefisefed) imthe samplgnide;
and det 1 nj.J . i gg@ execut i ng
a call algorithn1o%£§kg#%%§% g%%%§§g§ﬁ§ gyg?ﬁnhﬁg%?gﬁﬁ a ggf?phn1uses as
i nput s ailgbréthnt ort heigiiel @eiptkrantersiael tatalgomihnt sseohs impatd,at taabtthe detdctede

St aphyl ococcus aureus-specific target gene igggence to determ he whether
MRSA i s HrddBeastredanayatsofmics, Sencs: it the SEplylogp s ArITHS -SRI Glarect st
boundar y, spag il hRCVRSAME Bralln YR W, Wit dfliRchAd_ amount
of orfx‘$§£%e 5&?%Q§ﬁ%%§%o d vgfﬂg,gmhg giﬁnthe ég"“élgo¥ithn1uses a
second bapgmithnmycregecs ineroedisterniahe frdre apices dincBtapliyldREusvheeust dpecifiet ect ed
amount of orfX is above the %hrgsholg v%LéQ.. %2. The net hod of
cl ai m 21 XGTEFEISTCAVRICSERP P o BETHY! He FalidBaiibe) frhet WrgaOofutiey Segtilhce i s
femA.  determine the pfedenc Yt MREROWhefeirtthaibburdar PEpadd isigiel DsihBend i I st
boundary space ang t he second boundary space are both elliptical boundary
spaces. intermediate valuepand SfH{emeget hod of cl aim 23 wherein the first boundary
space and the second boundary space have both undergone translations and

angul ar di spl acermepf ar ?#ﬂ%eﬁ%d%?'c%hﬂ '48 wherein the St%%l‘c?ﬁ?clg')-gaf‘s ﬁ?%}%%geaﬁc any of

clains 21 to 24 wherein rs oundary space e seco oundary
space argrdeoptnetefigned isfenad.f uncti on of the nmeasured ampbunts of mecA and
t he Staphyl ococcus aureus-specific target gene seguence. 26.

The met hod of any clajnms 21 t 5 wherein . a cost functi.on is used to
find the optinal p%%ane?%ﬁgwﬁﬁpcgﬁé“??g§¥%zﬂﬁwggﬁgw nﬁﬁﬂﬁ foa dtds.

27. The §&iRAds Qfudchidh BY R ADEH SIAD Wik BRlinfeHAEdib@ R alu® 168 heNBgedOinchhe
formula: cost ---- ci * FN# + c2 * FP#. 28. The nethod of any
of cl ai neoninaten mévedy @idSA heddfined usipp thed@ryulgpace and the second boundary

space are functions_ defined using a,neur LK.
2011/ 060222PCT/ US2BIGIS8RFoeI0e < thetA Sm@@?y ’grﬁgpnﬁ?%%\%)f any of clains 21

to 27 wherein the first boundary space and the second boundary space are

functions defined 4&i NngTRe gRMRHIE ady §DE1hinkEA6 to 48 wherein the3first BvendaBt dpack of
any of clains 21 to 29 wherein the presence and ampunts of at |east necA,

orf X, antndthe ssoaphyvrskse suase atrbotis defsdios pdunddiogef tfeReassed MBS ¢ t he
sanpl e aﬁl@c&i Ghe %e%a%lgc%@édstahp&sgg&iﬁc target gene sequence.

50. The method of any of claims 46 to 49 wherein a cost function is used

to find the optimal parameters for the first and second boundary spaces.
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31 . The nmethod of claim30 wherein the anbunts of at |east necA, orfX and
t he Staphyl ococcus aureus-specific target gene sequence are neasured in
cycles. WO2011/060222 32, The met hod of claim 31 wherei n PRE/GSRHSHHFIPT val ue
is approximately 45 cycles. ) 33. /A systemfor determ ning the
presence of methi il Ii ntheaapthodaf clam phyhecstibgsostdrationinmdmedity Be sanpl e,
t he systfgfguglgrrpri si ng: a neasuring nodul e capabl e of anplifying
and detecting the presence and anpunts of at |east nmecA, orfX, and a

St aphyl ococcus aurmus=spefiNHifcct*aFRet gene sequence in the sanple, wherein
t he sanpl e has been subjected to conditions that will expose the nucleic
acids of any bacteria present in the sanple; a nenory to store the detected
amounts from the measurtiomBeybeany of claims 46 to 31 GHERH Ble firsEsbablfyFpsheum
contai ni ng conputer readable code having instructions for executing a call
al gori t hand thdercendboinelagadpacairgduiations defersdasingramenstiaalgoetisy t he det ect ed
and neasured anounts of nmecA, orfX and the Staphyl ococcus aureus-specific
target gene sequence to determ ne whether MRSA is present in the sanple,
wherein the call ajgoritkymu$es ofaly 6daikguBadasy vaRege tHepre@hes aAdne t he
presence of MRSA when the detected anount of orfX is below a threshold

val ue, vivequsithofiah deagtanpc Al Yefrmenh #nd SresS taphydeco ps FYIRVEEP 1 E HERSL 267U et er mi ne
t he pres : e d.appt of orfX is above the

t hr esholsga\&/%(:gger}%g%mm e &Qg(:tg(?g?%raggg%sor to execute the conputer

readabl e code on the conputer readable nmediumin order to determ ne the
presence MRSA in the sanple. . 34. The systemof claim 33 or 34
wherein the St aphy?‘bcoc@%?sma@%ﬁgglﬁ%ﬁi“@e’feéli‘é‘@ta 5@@&1?@?\“68‘“?‘% femA. WO
2011/06 B@:&H§%&1§Ja@§§§%§% aureus-s Ig:]((:jiﬁc BRoet Uefe SHRLAID LE nfeh@irdd 33 Wherein

the first boundary spa e sec boundary space are both elliptical
boundar ycysfraces. 36. The system of claim 35 wherein the first
boundary space and the second boundary space have both under gone
transl ati ons and angul ar di spl acenent around an origin. 37. The

system of any of ciai msA33sibi 36dIiRING thdreddnts bf Methidpiyresip@ge and the
second boundary space are both defined as a function of the neasured

anount s YhpiderceushufawMRSA) in a sampleg ghe syplemsspssisingt any of clainms 33 to
37 wherein a cost functi.on is, use [ e 'y : ggg r the
first and second bao%lre\%%?l gg%oéiggesc.a%aﬁlgOffm%hwgsﬁﬁ dle}g% %“gﬁ méoe? E?:?Ig(?m 38
wher ei n grheurgost at daschban SECHes, ianed Iophlyeodos auteas-spasfic target gade * FN# +
c2 * FP#. ) 40. The system of any of clainms 33 to. 39 V\{?ere{ n the
first bowAsency (Sphinghesemplcvhaeiaibe sueniehasbespspesed i9 eandiions dhai gl ned
using a rK: : of any of clains 33 to 39
wher ei n %}ﬁggﬂhsgtﬁélgfguaﬁgigr())gag%g%céergrpig’%eﬁeﬁgtggﬁn anundary space are
functions defi ned asiengratogeoretthedadégat athdumts from the measurig@. madvde;syst em of
any of clains 33 to 41 wherein. the presence and amount | east mecA,

f a
orf X, and the Staph§IBRgesadabls mediigconiainpe compuEr beéﬁ@qgﬁ S 0t he
sanpl e 3i51§’tnﬁ,@itoﬁ§?&@x&‘)ﬁtigxg%:c'aﬁ B rifeR wherein the call algckithitN@esRS MPGsQf [eastal m 42

wherein the anounts of east” nmecA, ora, and the Staphyl ococcus

aur eus- sthediterted and gebsugehanseys ehinec AreCmas wnd thd Staplpdoenscus aureus- 44,
The net hod of claim43 wherein, the.threshol l.ue i s approximatel,y 4
cycl es. Specitic targe! genﬁ%?quﬁn%eoﬁ’?ﬂ?%eéﬁrfee‘%% ré\qﬁégﬁ B RTESH E&lsel Sr%fgn!i%’ Bty

code forng ceidhlgoAlBOEichRNbn MIGHRIIME Naus fbin AlGE htdANatks 8 AgphylRutisat
| east the detected and neasured anobunts of nmecA, orfX, and a Staphyl ococcus

aur eus- spaeustipecifiaitaast genpsgmens) sherphr/celbatzrotios futer uses a boundary

space to determine the presence of MRSA, wherein the boundary space is defined using the
intermediate value and SCCmec; and
a processor to execute the computer readable code on the computer readable

medium in order to determine the presence MRSA in the sample.

56. The system of claim 55 wherein the Staphylococcus aureus-specific

target gene sequence is femA.
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gene sequence to determ ne whether MRSA is present in the sanple, wherein
the call algorithmuses a first boundary space to determ ne the presence of
MRSA wherWoR811gwdRat ed anount of orfX i s bel ow a thresh8CA/UPA1085640her ei n
the call algorithmuses a second boundary space to determ ne the presence
of MRSA when the detected anbunt of orfX is above the threshold val ue.

46. A nethod for determning the presence of nethicillin-resistant

St aphyl ococcus aur§us (MrSAkstenofclSiafs 65 54 Whersitthe thtaargdiatsvaige is a

subj ecting the sanple to conditions that wi |l expose the nuc|eic acids of
any bact @ingd gf a deietion of meeA sadpiie wherein the intermediafe vakje i2 WABDEFSLEER ng t he
br e enceein A ecdl afi s A BARKINIE (g FOWRAwAANT 2 SLaphy! ococeus
aureus-speC|?|c target gene sequence A h T he sanpl e; and

det erm ni ng t he presemediatfvalRSAmienAt*hen(s@pt 8AbYcasxetdti ng a cal
algorithmon a digital conputer, wherein the call algorithmuses as inputs
at |l east the detected and neasured anounts of necA, SCCnec, and the

St aphyl ococcus aureus-specific target gene sequence to determ ne whet her
MRSA i's present insghe $pR)sem YHRIVRIMIARNES 563 57 dheRid theMranRah@sy space
intermedi ate value fromat | east the Staphyl ococcus aureus-specific target
gene sequuibe sepedd hewmlarynsce pie botedediter! aap danction f thermaepspred gewuatsdundar y
space to i r f_IVE i boundary space is

dori ned T g HE SIS RGRE ARy Sop R LR ER R Rab it 47" The et hod
of claim 46 wherein the Staphyl ococcus aureus-specific target gene sequence
is femA 59. 48Thelhyatemed oy dicladmafitel 68 ehedkh abest inetibhés used to
intermediate value is a defined as a function of mecA and SA, wherein the
|t or nodia Be Al Fe! PEaRelsE fl@ﬁfh@é%ﬁﬁ MESPCUGrROMRSETY SPA°SH necA and SA s
defined using the fornula: internediate value = nmecA * sin(-0.3) + SA * cos
(-0.3). 60.49. TS/ staRt BOdaiaf 5RAMeRin Bk bFFu@ioh s dinda®iehd the
first boundary space and the second boundary space are both defined as a

f unct i onfoshiulehe neasured anounts of necA and the Staphyl ococcus

aureus-specific target ue . 50. The nethod of any of
clains 46 to 49 mh%gg789§%§%§€g¥uﬁﬁgion is used to find the optinal
paranmeters for the first and second boundary spaces. WO

2011/ 060222PCT/ US2010/ 056455 - 51. The nmethod of claim50 wherein
the cost function ®5 defhnetenyotHy afsidme &5 te oA vhercin the firpgpopndary spaepy.
52. The t i i J LSt undary space
and the %Egggga%%%§§%$§ﬁ%§%§%%§#§g?%ﬁé?%%%%qggkﬁ%%%gﬂé?%ghgggenetic

al gorithm 53. The nethod of any of clains 46 to 52 wherein the

presence and anounis of __at | east_necA, SCngc, nd t he_ Staphyl ococcus
aur eus-specific t aﬁbget E%%@’S?%Mé’%icﬁl?ﬁ g%ﬁﬁwgeﬁ%tha@g%egw
real - ti nBn&RERs of at least mecA, Sé’émeéj!ﬁd@f?é @t@ﬁ%}%co%l:@é zﬁl‘réﬁ-s‘ﬂ@@iﬁg ‘tzﬂgét'k%n@rmunt S

of at |east necA SCCnec, and the Staphyl ococcus aureus-specific target
gene seqiegneEcan therreapla ad detactey by esal-time PCR. 55. A systemfor
determ ning the presence of nethicillin-resistant Staphylococcus aureus
(MRSA) in a sanple, the system conpri sing: a measuring nodul e

capabl e of anplifygng amgk getepcdi d6int FBWRERELIME AndlbisdTRLRS idcAat | east
mecA, SCCnec, and a Staghylococcus aureus-specific target gene sequence

(SA) in Yhemsamuddhe Hlaphdpepcetrasafpipsciigdargelegens seyjuseeeaic fragwad it i ons

t hat mﬁlécﬁ%pose the nucleic acids of any bacteria present in the sanple; a
menory t 9 store the detected anounts fromthe measuri ng nodul e;

a conput er readabl e nmedi um containi ng conputer readabl e code having
instructions for egecut Angnputairtadabianeditvmcondpeisign t he cal |l al gorithm

uses as inputs at |east the detected and asyred anmounts of necA, S c,
and the Staphyloco%%ﬁéb%ﬁ?%hggﬁ@ép¥V%WF%H ﬁ?géﬁ@“@gﬁﬁgﬁé@lmﬁﬁﬂgﬂgﬁﬁﬁﬁe
whet her MROAJ shdhERERY a'n{buh{’é%lfﬁﬁé&l\', SCOME! gﬁcpa *s{&ghﬁ%béccﬁé gakhd tPacaiceat es

an internediate value fromat |east nmecA and the Staphyl ococcus
aur eus- spesst Eere sequgget tgéstenseewhniher MR &ipreseheinght banaplgovharbimthaicalher

uses a bqundary space to determ ne the esence of A erein_the
boundar yASHEEYorER G HETRURsg it R b Fenat S F SeraiR o et g

a procesgREiflcaB¥esdat 8eduRBcd WHRHIE the! QB GaRI#hif Feeh R MiséNEb SRAARYPhcd t8adabl e
mediumin order to determine the presence MRSA in the sanple.

56. The system of claim55 wherein the Staphyl ococcus aureus-specific
target gene sequence is femA. WD 2011/ 060222PCT/ US2010/ 056455
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57. The systemof claim55 or 56 wherein the internediate value is a
defined as a function of necA and SA, wherein the internediate value is a
wei ght ed WPR8HY066232bi nati on of necA and SA is defined uSCRFSEHE/0FGPTUl a:
internedjate value = mecA *_ sin(-0.3).+ SA * cos (-0.3)., . 58.
The syst@Fﬁr@Fnea‘ﬁWEFﬁer&eéifWg‘%’ %’BGTS*P thimbewdary space ﬁsrdfg%‘fgo‘ﬁﬁﬁ%w space and

t he SeCQH%HHQMQQQ/raglG%BQ%@@ﬁ&. both defined as a function of the neasured
anounts of mecA and the Staphyl ococcus aureus-specific target gene sequence
59. The system of any of clains 55 to 58 wherein a cost function is used to

find the optimal paraneters, f the.first S n - es.

60. The system of @'ai %’ﬁ]@@fg{()élcwa?%aglé)g?ﬂﬂﬁtncgﬁﬁggls‘?gﬁg%%é%q&g/ t he

for mul a:peR8te §AmethiNinFre§garit Sthfphylococcus aureus (MBBA) Then sylsiosn winpde) yheof
clains 55 to 60 wherein the first boundary space and the second boundary
space armethodeempngingief i ned using a genetic al gorithm 62. The
system of any of cl ai i ]%p t at

| east mecA, SCOTecs,u%ifrr?ang gé&%tfg%%%g%gfélgﬁgoh%& ?gﬁ’z’gg%g??‘? |9X taFHgEertﬁlC%iecne
sequenceadids dffagy dactpli pesent dlethe khedn bymplea| whdree tiRGResence of MRSA is l@8wnThe
system of claim®62 wherein the anounts of at |east nmecA, SCCnec, and the
St aphy| oepetdisappieindbesss of kpown £S:gene sequence are neasured in cycles.
64. A conputer-reagg]ﬂ -lggﬂq' I S OGr of @O RGstfrdc A8 ot |

al gorithm wherein't heﬁ\ﬂc I ngfg%ﬁlﬁ%tgggcea?diarrlnﬁ)tljl%l%s at | east the detected
and neasatdedSapipiodoscaf anmasAS ASSRETS tasged geneSteapingt ot dekugwasraplesispeci fi ¢

target gene sequence to det 1 ne, whet her . MRSA | resent 1n.t e,
wherein the call a‘?)t%?"i‘qgﬁﬁﬁ g&?rétglna% & %ﬁg?l\@@mpﬁeéegaﬁaﬁg S?P@reﬁugﬁl eI%glas mecA
and the ShaphylLACRAEHS cAYARBEERE G S idpat:aat dgened seimentesd ahieul of t he

call algorithmfurther uses a boundary space to WO
2011/ 06022RCHXIS2d 1 SBEpUHECAtetLRYEIFeSPEpibic frragasae sefuenRSAN wher ei n t he

boundary space is defined usi t he.| 1. adi .

65. A nethod for c?rS%th}%agmgaer%ggaetlcaI?R%P ge?g]ﬂ% %ﬁh@gﬂe@% de esr’fﬁi ng tgeﬁlém

pr esencethehunkisvih Sanhple wlic@sin $hcambd bt agrbyted Goacths oatpueothe MRBA)orithnan

unknown sanple, the nethod conprising; G_sugi ec(i\aiéng a set of

known saeiscesd egaip® ks knasyssamples, whpresths saqdel pres AdEFIAOHNdREY §RACEHO any

pact ert 8, AR kNS SOANBASIRR! B3 dolhiel ShiBubit POCRBUSY AihibRIf | S
r‘rj’p?e Int o]

known for each Sa e set nown sanples; anpl i fg/i ng
and det egdlidg)gviehsn freagedid @sanctscaomibituadafy space te dstermineAhe presexice ah MRS

St aphyl ococcus aureys (SA) - i.fic target e sequence in the known
sanpl es; When the detected W@Bh‘?ﬁﬁ?éﬁ %’é’l"?%}ﬂg‘&ﬁsﬁ‘ﬁﬁ%ﬁ “a digital conputer for
each sanmple in the known sanples, wherein the call algorithmuses as inputs

the detected and neasured anounts of necA, ora, and the Staphyl ococcus
aureus-speci fic taf@et denethsdfuuenssingampdel that can be used fedeterynatheodel t hat

wher o ' DRetegb oo LPER ST S ot e chih BEERIMRLD MR HRRBRRARENE. | o

agai nst  fReolnremprisiagp! es, wherein the nodel uses a first boundary space to
determ ne the presence of MRSA when the_ detected anount. of orfé( i s_hel ow a
threshol d val ue, whjestingpiset dffaernsemles ta eenhigonsdhgi gaH\Pxaprsdae pesleic

det er m ng .t he. pr f e YRS t t LaRforMRKaliSkaRaye

t he thre%%éﬁ%fvgﬁ%ggﬁgppese ! ﬁlevm%g'.n %ﬁlﬁge?hgg&gglrtﬁgpiéggtché) a m)dél that can

be used i® cdet mplon thbectpreaenaeampleset hi ci | 1in-resistant Staphyl ococcus
aureus (MRSA) in an unknown sanple, the method, conpri sj

ng:
subj ecting a set ofMRABURE FurAstReEing heIRNET BHLRPAILS Bf tﬂeaé&%%’ t he

nucl ei c [ 0 ' 1Bed; SaaReRS in MrasRiwa t he
presenceggm%ﬁgﬁm&#g‘% %%C q?%%ﬁ?%&?ﬁtaﬁ%\gg%tﬁg? knér\}m sanpl es;

anpl i fyi sgngled detecting the presence and ampbunts of at |east necA, SCCrec,

and a St aphyl ococcus aureus -gpecifi.c.target gene _sequence. i nown
sanpl es; execuipg Eff‘lﬁ‘u éAg)arl@%? pn ﬁldb%ﬁaff(%ﬂ?%% fgr 8%‘63‘1%?%1??%‘8 r%g%%lgosmfor
each samplfolkd viHaGeik HUMALISHRIES ushhBiBhils tRRIcERI Al gRfabiBianDastsa$ | nput s
the detected and neasured amounts of nmecA, SCCrec, and the Staphyl ococcus

aur eus- spechf SCCtrmegad the Rapbdqeensyeaurgprdspecific target genesp@EOFHgNd nodel t hat

b d d ). wh VRSA | - ,
wherein the moder Peaipealiaer e g it BLERER I hR MRS BRI e

the unknown sample, wherein the model is created from the output of the call algorithm
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WO 2011/ 060222PCT/ US2010/ 056455 execut ed agai nst the known sanpl es, wherein
the nodel creates an internediate value fromat |east the Staphyl ococcus
aur eus- sp¥0I2P1IH060R2get gene sequence and necA, wherein fﬁ@ﬂ6ﬂﬂpméﬂgﬁrithm

further uses boun%gr ace to deter m ne t.h resenc erejin
the. bourtiaryied ORI MevTieaie: NOTEanT Mese b e o Ui Teti g s &
least the Staphylococcus aureus-specific target gene sequence and mecA, wherein the call

algorithm further uses a boundary space to determine the presence of MRSA, wherein the

boundary space is defined using the intermediate value and SCCmec.

40



