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PCT/ US99/ 04413 Met hod for Determ ning AﬁE*ﬁ*’?"”‘?
Sensitivity MO BasIEri a BACKGROUND OF THE | NVENTI ON 5 . Techni cal
Field The present invention relates to nethods and appar at us
for determning a m croorgani sms sensitivity to an antibiotic in

general, and to nmethods and agpparat us ..for_determning the mni num

i nhi bi tory concentrati dHewdpd fof Determinpsg fs‘Bt‘t?‘%tl‘caﬁ"\?'é‘%og%ac M2 i cr oor gani sm
in particular. 10 2. Background Information The determ nation
of the mnimuminhibitory concentration (MC) of an antibiotic is an
essenti al | ab@ACKGROURED OFTHEINVENTEONhe sensitivity of a microorgani sm
usually a bacterium to specific antibiotics. The MC refers to the m ninum
concent r at fon lofTeghnieghField ot i ¢ necessary to prevent the m croorgani smfrom
grow ng. 15 = The typ gre%hq irgrgﬁtgmqfelafégtté Bﬂeﬂfoﬂgﬁxd %p%iﬁ%ﬂe@&hﬁ%geﬂ upon
this type of test “imakKing rapi and accurate results critical to both
patient care améo6aahisfsiseasitivity té be atibiotic.in general Amtlitd msthiods snshapiparatist y
testing is nmost commonly perfornmed using the qualitatiye Kirby- Bauer
pl at e net hod, ferdetermjning he minimpayinkitagy @’&ﬁ%?%é?iﬂé’,f ap pRi ‘ﬁ’&éel&g‘fel}f’iaon i s

nost comp ed.. . The Kirby-Bauer test utilizes a plate
covered with e{nlgljr‘l)lx%ldﬁl%qluéé%}w%?r' m cr obi ol ogi cal growt h medi um
speci ficalfpy f20rBackgoast nfsrmatien t est at hand. A nunber of disks are

pl aced on the | ayer of growh nedium , each containing a s Lfic
concentration of afhgadetennisatan of dheginigum inkybatgry ‘B’&E‘E&ap%n Qﬁﬁé@s"%ﬂ t he
medium forming .. . . LS.l QQ;E i e (AR Hniskh
referred to a ?tﬁgm‘él%re’\éés%%%%b§ ar ﬁ%‘dto%? t nggge%?glsﬁﬁ%\?i ng su%nlisci’ent
anti bi oti c congg4lyraatefiuhotol spbdifi intibieiter Tied MIC oafers to theeninimum  si ze of the
clear zone surrounding a disk is indicative of the m crooﬁrnic(;gni sni s.
sensitivity concentratiqmef agantibipis pecessaRytia PFRYSNT tAC MIFEROTRANY HOE OHiP8k;

i.e., the Jargsr e gl : ; h %?p'&rtggrmgsr%ia
sensitivi t{? to er@%aﬁﬁid%?%?égﬂggﬂ%sglg ﬁg%fl ‘l)rﬁdltg ﬂg@gﬁ% S e Ki rby- Bauer
test is popul ahdhlegmats eesolts dritialab hpthi prakient carecand teostedfiettiveytreatinesv.al uat e

multiple 30 antibiotics, at once, A disadvantage of the Kirby-Bauer test is
that there ar eAmibiptigisensitivity testipg is\mgsf Q%T‘@gaMF ormed usipg ﬂi"tﬂé‘%‘ﬁ%%ﬁ% ic

concent at i on gf,cAi ot BEY B o il NG dhalysis. the BHLINHona0RokNUS  do

not allow a M e cal cul at ed. ae have been published
commonly used.
20 The Kirby-Bauer test utilizes a plate covered with a uniform layer of

microbiological growth medium specifically formulated for the test at hand. A number
of disks are placed on the layer of growth medium, each containing a specific
concentration of an antibiotic being evaluated. Bacteria grows on the medium forming
a visible coating, except in the area (generally referred to as the “clear_zone™) around
25  those disks having sufficient antibiotic concentration to inhibit bacterial growth. The
size of the clear zone surrounding a disk is indicative of the microorganism’s sensitivity
to the antibiotic contained in that particular disk; i.e., the larger the clear zone. the
greater the microorganism’s sensitivity to the antibiotic contained in the disk. The
Kirby-Bauer test is popular because of its simplicity and its ability to evaluate multiple
30  antibiotics at once. A disadvantage of the Kirby-Bauer test is that there are a number
of variables which affect the antibiotic concentration at any given point in the growth

medium, and thus do not allow a MIC to be calculated. Formulae have been published



1 for calculating the approxi mate M C based upon the cl ear zone

size, but these formul ae are rarely used and are considered to be
appr oxi mat WEh#9/45i37best . The tube dilution net hAETYYEIP4AAS
pl aci ng an equal anount of target m croorganismin a plurality of

wel |'s (ref efdregichiatifsthetagh@sumatéMIQ ®a&d updnahddigdrizohe sigd) Gubtheseaddi ng
different concentrations of an antibhiotic to each tube. The | owest

concent r at i fmulae areymarely\usediapd pre cdopsidgred tp beapprexigationsiat besdbr gani smwi | | not

grow det er m nes .for t hat rt.icul ar crogQrganism A

di sadvant age of ?HgnﬁlglﬁggutmqIﬂ?t!h%%mﬁ@[vﬁégﬁa‘f'gg %‘hﬁ‘i“#n ouny °9%5%e§uracy depends
on the stepmidréérghiisti aNg pRtlia} OB ARG RdR6 aveRBed Y BRFosedirPaBlatter, and St ep
si ze yiel ds@greater accuracy, but may require an inpractical nunber of

t ubes and¥l 1eddieg different concemitationoef anantibighic Fyeach dubeatEhedowest conventrationn

expensive p ] h | e . I N S ith t nunber ubes.
Hence, incr ég%ﬁ%gonicﬁrg{vgdg g‘ Sféeatgfg%gguctr%?rgmﬁ%xﬁ %‘8‘@1 né‘fgow J]e&"gf%ﬁﬁ@i%gﬂ e the
cost and ti i patitiliesicroorganism. A disadviitade o ftitahibe diluien Rfetitid iP@iat R4 M Ng a
MC determnation is described in US Pat ent No. 4,778,758 and ot hers,

whi ch i nvol sesyrackdepends on therstepsiagtin concentiatianchasgebetweengubgsp A $mall

ar i brat  onsteh sBe FElR e SRRy gl & dpriiC flinbe fuSes and

correspaadi effort.0Id &Rlitfona pleparitipCabirattdilations is an @kpenkiGe profcés3itidt irerabest hat
~point. The strip is placed onto an_inocul ated Kirby-Bauer plate and

af ter i ncubgashwith ghemumbgr ebtubes. |Henge.inereasinghe aecugicy iof this metbed ofn

m cr oor gani . ranR QM n antibiotic concentration within the
gr adi ent exglgzéls?retaﬁ%{h%l\@gt afgn&efgtﬁﬂrce% i bration markings corresponding to
the border betwean aitegmativemeans of erfdithing ©MIC dete@initiatibn Bldeseribed ® WHe M C
val ue for the antibiotic being eval uated. Several di sadvant ages are

associ at ed Ratent Nej 47781 Howndrathery avhichinyelyes the meofen “ErStant.ivhichis e

i ncl udi ng, .1 im " -0 i £ 4..10 cture and
consequggt I ?/Hﬁ) tﬂ&n‘é‘&’;ﬁ%&r{éﬁ%\%,&&f}s%ﬁ%%}gﬁé ttoﬁgqiél%{reia%%r%éﬁ%scgﬁp#{r?%r acti cal
for concurr entksmané tispssed alohg hisideiof theStrig, @stresponding $o thglegadepadentration and 3)

the preparati.gn st .be read.after a precise period of ) i ncubation to
achi eve opt Phﬁwgle"a*ev%v;m point. The st is blagackeitesam inogulpted Kigbylisuerplate 654
di scl oses a p@ifedndBis LibRakdaduill fe Lok . &1 m ni ng
when the anti bia%?i CS sthdﬂ%gﬁe tllraepl e%%%ﬁ@%%ﬁ%ﬁﬂd grxglmrs] Sg‘h’gﬁﬁ'{n unbi ng
syst em usi ngrawth| provided emantibinticeoncefitratiomwithindhe pradientcaxceads e MIC. not

allow the determi.nation pf a MC or, an e of antibjotic sensitjvity
measur efBnt ﬁjhe ibration marg‘“%ca‘f”qsp deg"’gﬂnﬁt’ﬂ%ﬂ‘ e Fletfarea adithg ¢ he

M C of an a%} ivpthQrdaCitethe MIC value thAThEahtibibGE BGhgSRAME SEhthed that can
e
d

determne the MC in a mni mum anmount of
isadvantages are associated with this method for determining a MIC of an antibiotic

including, but not limited to: 1) the strip is difficult to manufacture and consequently
expensive; 2) the size of the strip makes it impractical for concurrent multiple antibiotic

25  tests in a single apparatus; and 3) the preparation must be read after a precise period of
incubation to achieve optimum accuracy.

United States Patent No. 5,702,684 discloses a method for monitoring
antibiotic levels for determining when the antibiotics should be replenished in an
industrial plumbing system using a fluorescent marker. That method, however, does

30 ot allow the determination of a MIC or any type of antibiotic sensitivity measurement.

What is needed is a method for determining the MIC of an antibiotic for a

target microorganism, a method that can determine the MIC in 2 minimum amount of
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2 , tinme. a nethod that provides an accurate MC, a nethod that

can si mul t aneous| y determne the MC s of several antibioti a
target m crowiOg@#sBh and a net hod that is cost effecti Vef’&f/ﬁ%;gfo%ls
DI SCLOSURE OF THE | NVENTI ON It is, therefore, an object of the

present i nventin®)anetivdakatdeovddesainaoclrite MIC, a metietdethatican sighuithgeodslC of an
antibiotic for a target m croorganis ,that? provi des an . a&curg{oﬁ resul t
in a mni mum Sstegnine e MiGs of several antibiotics fqria tALgeLRISTAPEEanYg)- 3¢ 2 giethod

pr esent inv_en_ttl1 N &F%&Yi{, le a method for 10 determning the MC s of
several antibiotic Or a target m croorgani sm It is another
obj ect of the present invention to provide a cost effective nethod

for determning the MC of an antibiotic for a target m croorgani sm

It is anotHer DSEQSURE OFTHE INYENTIQNenti on to provide a cost effective
apparatus for deterym.nj . b of |

m cr oor gani sm t hat IEn;os, {h%x%éc%/r?ﬁ%@b&ﬁ?é%tggpgé?%ﬂtﬂggx&troﬁl tlz)%F%ﬁdn%%gnﬁﬁg gorl;ount of
time. determirlirig the MIC0sfharantitipticor atarpéteniproerganismithatendvides ano provi de
a met hod for determning the MC of an antibiotic for a target -

ni cr oor gani sm ackenaterasultip @iminnuphamount of tMee.er j nary nedi ci ne.
According to the present..i i t. . : Wl e MC of an
20 antibiotic for Iglstagf)%lg{]g%&érogg}e g%?@r%&%@“%%’ﬁgégé m(?J(%nyg’rgifé'liqng t he steps
of : 10 determfiring the MICTE 6sederal Antibiotigafor & target enidrborgentsmm

(b) providing a sensi%)l e reagent, which includes an antibiofjic. mxed with a

G k3

mar ker having a si gitis anpthenobiechof Herngesentipyeation to RPYES? £9% fHFctivg methed
concentration pof . . the LT ' ting the sensible
reagent into t é%@%&k‘ﬁgﬁé" | umgsénnméﬁ%gﬁg%rra?{%gnﬁcméﬂg{ngat es a gradient

of antibiotic and nRiskbthepoisedtior tiel ppesentihtdntion toyrogidewtost eiective
(d) inoculating the growh nmediumw th the target m croorgani sm

(e) incubat i ngarpaatysifordatermiring e NIC ﬂ%adli%ﬁ?ipéq?fog oG B8k £ oi et
() e SRR A0 SAN AT R hnAB} AREAD] © amount; 30

(f) deter oundary between a section of the growth nedi um
It is another object of the present invention to provide a method for

determining the MIC of an antibiotic for a target microorganism that has utility in
veterinary medicine.

According to the present invention, a method for determining the MIC of an

20 antibiotic for a target microorganism is provided, comprising the steps of:

(a) providing a microorganism growth medium,

(b) providing a sensible reagent, which includes an antibiotic mixed with a
marker having a signal with a magnitude which is proportional to the concentration of
the marker;

25 (c) incorporating the sensible reagent into the growth medium, in a manner that
creates a gradient of antibiotic and marker concentrations within the growth medium;

(d) inoculating the growth medium with the target microorganism;

(e) incubating the inoculated growth medium for a period of time sufficient for
the target microorganism to grow a detectable amount,

30 (f) determining a growth boundary between a section of the growth medium
having detectable target microorganism growth and a section having substantially no

detectable target microorganism; and



havi ng detectable target m croorganismgrowh and a section having,

substantially no det ect abl e target m croorganism and :
3 WO 99/45137 (g) measuring the magni tude of the namCIVUSIP/GHA at
t he grow h boundary; and (h) determining the m ninmum

i nhi bi tory concen(g) fieasuring thetriagnitode bf thé markes sigfial tabthe growthtaaddretind

magni t ude of the marker signal., . o An ad_vanéage of. the present
invention is that(hhdstemHyag B!?rm’&@?‘é? iRhibiteRy ¢apgenteation Pt thsrantibioticiusing e ¢ f or
a target m 'a%g?u'ﬁ ' : gi ves accurate results in a

m ni num armﬁth?&g ?ﬁ& . @hég{tg%/ig%g‘%{& nventi on uses a sensible reagent which
i ncl udes a mar kerAmadvangge ofithg pedsenti ihventiomsghdt taunkethod for ldetesminingpbe t | onal to
t he con@iét ration.of the marker. The, cqonceniration, of the marker

within the rMiGefian aaibiotic fory trgst mieregreapismisprovidad that BLYES ReTuste Fepglts
antibiotic. ; : IBlot. : : -k herefore
be determ nel Q?&Mggﬁg%mng&{t r??%'r ‘Egr@tpgﬁsglﬁéﬂ&g?&g%Qs&&iﬂé@%\%ﬁf&cﬁdar y.
Accor di ngl y, intlhdesexmarker\la€ingfa sigtal With & intagnimrdebehicteis propamichal &1 ther t han

an approxi mati on. and n be determ ned without a nultijude of tinme
consuning  CONCERatieR o3 sapker The concentration G ipa warken iRt eaghnt i e
present. | nvepiohohd tb it cohiihuiliéh S Bk aRiGic THEMICBE bbioftica uleor @ target
m croor gani s an be determned concurrently using the present

i nvent i o negroodh bdumdargcanpieeefore beudeteemined by seisingnbemarkgr sighd atvhdi um

regi ons inoculated with a target mcroorgani smcan, be plated in_a-single
vessel , and 8Fowth boungagy; dycepgdr ’iﬂl!ﬁ%‘laF'clg‘?q%@g F%Féﬁngﬁgﬁegﬁ‘ﬁﬁamfépendent
region. The b o . ¢ ' | O} n t hen
e app i ed-t oaEh M GRaGHE off cane dotkindd ARG o WHAIG OXAHEL figinieg

i ncor por at eddilutohistepeach growt h nedi um r egi on. Anot her

advant age of the present, inventjon is that a cost effective nethod for

et ermini ng the. MRS Advarige H1LBE Preser fvanon s Bt thedilios GLIVER | 5

provi dedys Thgatibiati I i sty 'éﬁﬁﬁﬁi ; rovi de
accur at eisM Cgtimrll)%oct)lrc ?rg??cg%\ﬂg%ﬁl;l\r}}iég?&égﬁﬂ t hdeelt nee chg&%?l{]ipgf‘;égtet&pensi ve
anti bi oti c dptesent owentam nethod. ckpri exemiplena tmber v mdepdndent@ro@th medwethod. A
person of skill in the grt. W |l recognize thatbm'lnigizi nlﬂ eﬁ,genlzi[\?‘/rg nmedi cal
| aborat ory t TSNS Qohialss with s taraet orgawsm can.be plated i a single vessgh anfkg hog
consi der abl y different artifotic SddPIbYALEE iritd @ichIhd@speiden repitnl ITHeIrémRINp 6Bs of

Anot her advantage of the present invention is that a method for determ ning
t he the present invention method can then be applied to ascertain the MIC of the particular

20 antibiotic incorporated within each growth medium region.

Another advantage of the present invention is that a cost effective method for
determining the MIC of an antibiotic for a target microorganism is provided. The
ability of the present invention method to provide accurate MIC information obviates
the need for multiple expensive antibiotic dilutions as are require& in the tube dilution

25 method. A person of skill in the art will recognize that nﬁnimizing expensive medical
laboratory time and laboratory assets make the present invention method considerably
less expensive than presently available methods.

Another advantage of the present invention is that a method for determining the
MIC of an antibiotic for a target microorganism is provided that has utility in

30  veterinary medicine.
Another advantage of the present invention is that the effectiveness of a variety of

antibiotics in various concentrations for a particular target microorganism can be readily



M'C of. an antibiotic for a target mcroorganismis provided that has
utility in 30 veterinary nedicine. Anot her adv f, .,k he
present i nveMAPHSI¥ that the effectiveness of a variety of RIS
antibiotics in various concentrations for a particular target m croorganism
can be readi | yetermined. As a result. a caregiver considering an antibiotic application can make a better

determ ned. As _.a result. a,careqiver considerjng, an | bioti.c application
can make a bef’f@?“egaec‘s“?’h‘?'g’rr 8’&6% eéXPSr?“%gf?’ihY"g"s" {%?%%B{uﬁggh‘fc’ype and
effective dosggﬁse@{ ﬂiﬂ:eﬂéﬁdn kiatahbiotic recipigensequent | y benefiting the

anti biotic recipi rﬁl E Thesep and ot her objects features and
advant ages of the [Thessand othenobjecisdeatuies andmdvantagesofshensesantdpmentian willght  of

the detail ed description.of .the, best de. enbodi ment t her gof,.

i |l ustrat ed ig% appREHiL gt ﬁ%ﬁﬁ@mﬂm "%‘gEﬁF '@Ed“r@&ﬂ“ﬁﬁ'&ﬁgﬁc THE
DRAW NGS . B 9,}3@, JArdiAgl! ammati c cross-section of a

Ki r by- Bauer p|"sa%"é’s‘¥a§/°8e %a&gg%a atgus toillustrate the present invention
met hod. FIG 2 is a graph depicting marker signal magnitude as
a function of |inear ISt | d wth the Kirby-Bauer type
appar at us shoMW@R@T?bﬁgﬁ%ﬁEm%gé shows a di agrammati c

cross-section of a Hatirfitic Rross-sectith ©f @ Kb /BaGép glite medi um t o
illustrate the pres%ﬁ?@ﬁvgg?lﬁgﬁ‘ met ﬁo{zl. 15 ?Jlg G4 syygagraph

depi cti ng mar kpparaiug naillusteeile pdsertsmantiomoethod of |i near di st ance,
- associated with the_ap ,aratagﬁ shown in 5 shows the

FIG 3 . . Fl G,
di agramatic cr oss 3G 8 graphdgpicing markersignal magpitude a3.4 figenon O ieat sensi bl e

- reagent appl i g i%-BauBESTe MRk RowABRYIANG OUT THE
| NVENTI ON %é&e’aa5§ éecr‘gfrﬂgtsheerlftl ignvagntio% net hod for determ ning the

m ni mum i nhi bi t or y FIG.3 shows adigtammatisrergssis@tiopfof atrough cdsitainipg af or a t ar get
m croorgani smincludes the ste of . roviding a,.mcreorgani smgrowh
nedi um an ef f‘B’E{QW@“&MﬁWﬁb‘F’E‘f‘%{Pé‘él‘mm&e B‘erﬁr%sFBtd%egﬂ?%me&§%d a sensibl e
reagent. The growt iR U PripiiepRnd@RRE} Sgridl magnitude as a function of linear

distance, associated with the apparatus shown in FIG.3.

FIG.5 shows the diagrammatic cross-section shown in FIG.3, further including

sensible reagent applied to a substrate.

20 BEST MODE FOR CARRYING OUT THE INVENTION
The present invention method for determining the minimum inhibitory

concentration (MIC) of an antibiotic for a target microorganism includes the steps of
providing a microorganism growth medium, an effective amount of target
microorganism, and a sensible reagent. The growth medium must be capable of

25  supporting the microorganism and may be a gel-type medium or a permeable solid
growth medium. Dehydrated growth mediums that may be rehydrated during use are
particularly favorable because they can be readily stored for extended periods of time.
The target microorganism may consist of either first generation microbes taken, for
example, from a urine sample, or a suspension of microbes taken, for example, from a

30 colony grown on another growth medium. The target microorganism is typically a
constituent within a liquid solution, although a diffusable gel beanng the target

microorganism may be used alternatively. The liquid solution bearing the target
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25 supporting the mcroorgani smand may be a gel-type nediumor a

pernmeabl e solid grow h nmedi um Dehydrated growth nedi uns that may-be
r ehydr at edWiew4sg7use ar e particularly favorabl e becaf&dYHeMUAn be
readily stored for extended periods of tine. The target m croorgani sm

nmay consi st nq&ros}gttahﬁh fhtilites ARREPI iRdtulbting CRESoWaKBBdiuhlith the targ@Xanpl e,
froma urine sanple, or a suspension of mcrobes taken, for exanple, froma
30  col ony myeronrgapisma pastibdarlyywhen hidehydiated growth mediymtis wsedr oor gani smi s
typically a const.i.tuent within.a_|i.quid solution, althouygh

o Tt Goabl e gl bPaAE i EoRen Hchidef'nd aniylub e ot bt b R 4fh o

al ternati velfys ehfb@diment!istnsité tehpahi cOft@ns Adadchifitd Qifity of the antibiotic to be

5 m croorganismfacilitates the step of i noculating the growh

medi um wist h evaluated mixsd with a usefily iy impnecisely measured; ghantity ofiharkera In@hydr at ed
grow h mediumis used. .. . . The sensjhl.e, reagent.includes the

ant b of T CERaR PRI dhefbiotids REF AL and thé RRREEF bR FstFH A |

sensi bl e r e3gQed indQBIWAI 0surdte pRéporicH, EnditiRYviesall qRhntit) 6f MBkrédgeminhay yaby be 5
eval uated m xed with a useful, but inprecisely neasured, quantity of

mar ker. | n do suit thesapplication nibbese meagent embedimentsyiequirecordyponscpasaméterat ed and t he

mar ker of the reagent are .. mxed jn known accurate proport,io and the
overal | qua ?’?tl%‘%%f‘?‘{aﬂ@tyroé&&tétﬂ?mrfﬁfngg?rfmp‘m‘oﬁ oiﬁ%powﬁgc@b%?ly,ctg{xﬁ on.
These 1 epgenhinBag tHEtsSof Ratihfdctirfg khe RAGbIR FpeRiMH consequénf thddveidIIC
gquantity or antibiotic to marker proportion) to be known accurately, thus

10 m ni ni zimgghedhe cost of manufacturing the sensible reagent and
consequently the qverall nmet hod i .. _.oIhe marker, may be any -
material that: ﬁ'r? ark?f W%Ve%ﬂi"éaﬁ?r@l thay 14 hagan 'Iqe%{'ﬁagle SIgn#g"gﬁHude _
propor t i onalmigithdepropbRRAINS the ddnbéntiatién BBIhK Sarke?) 2)1RS a dighhldRatlis t hat i s

di stingui shable fromother elenents within the test sanple; 3) has a signal

and si gnal |dstinguishabie fiom otheselements wathinade &qst samplei3) bes 2signp) aat wghah of t he
target g%scr ORisitlie tHat s"x)e not adversggrﬁa?eggé Bg ggﬁ%g?ﬂh@ltllr%etﬁﬂi\érog%gén?sgg}:éeCt

growt h t Her arget m croorgani or

adver sel y afdoes hof substastidllg adedrsdyheffeangrobitio bof the brgetgnierodrganistrl 5) dded n6)
one which, if necessary, wil]l co-djffuse with the antibiotic in the growh
medi um dur i ritfpredictably geadvisrsely affeetthe,aqtion 9f the antibiotie being gyatnatedsaad 6k ot hat

(e L ocel, TS0t RIS 40 gl il 00310500 d O hdh G o
em ssi on vva\nhé argbatonqetied tea priedicrableganaér dohthatethe localtmarkeraoncentration is
20  proportional to the local antibiotic concentration. For example, a fluorescent marker
having excitation or emission wavelengths outside the range of the excitation or
emission wavelengths of the growth medium, and one that does not bind to the growth
medium or the target microorganism may be used. The marker and the antibiotic
preferably diffuse within the growth medium at the same rate, although a similar
25  diffusion rate is not required. A marker and an antibiotic having different, but known,
diffusion rates may be used alternatively. In another example, an identifiable dye that
is absorbed by the antibiotic may be used. The magnitude of the marker signal emitted
from the dye is proportional to the concentration of antibiotic since it is the antibiotic
that is “carrying” the dye. The terms “proportion” and “proportional” as used within
30 the present specification comprise any relationship that can be mathematically

described; e.g., xy, x:y%, x: '/, , etc.



eni ssion wavel engths of the growth nmedium and one that does not bind to
the growt h nmedi um or the target mcroorgani smnay be used. The rker
and the antiWD&PMEI37 preferably diffuse within the grow r Vi t he
same rate, although a simlar 25 diffusion rate is not required. A marker
and an antibiotic fRpregntinvéRiothethdtihcllidedd\Whe further stepdlotfa)sndamorramg&hermy be
used alternativel I n anot her exanple, an identifiable dye that

absor bed by tPFélSlh {rEagenk i@ thegrayah mediam; Phinopriejingithelgropith mMediumavidetbe s gnal

emtted Qm. t he ort onal he con
antibiotic si H‘E% rx}xcrogrg%lama tt?‘iﬁ'ggtfqg(:t emocm‘lngﬂgt th gg’?{rf} hét&qn' Blye. The
terms "propor giowih baudaryiteRgEd thigfdkg an&.ih weh; ) haasnnagthetxﬁ@nmme

speci fication conprise any relations at can be mathematical |y
descri bed; Se. guarkex signal at the grovth bgum{aey, Ia]xd f)edetermining the MIC of the antibiotic
6 resent t\ﬁentlon met.hod includes the further

steps of a) Pﬂ%%é‘?egﬂrﬁgmﬁﬂmdeo g Ak sIle agent into the growth

medi um  b) i nocul afrhdigentibie réigeMtib indBiotiiedfnid thé BRWth mediud i@ manner such
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gradi ent the antibiotic and. mark conce tr are ter tha 0
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possi ble for the MC of the antibrotic. Incorporation can be
acconpl i shed dicogmritiontegn alss be a¢complished indirgetiytbyi applyingithe reagent gntovit h nedi um
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in h nt o ur face of..the.
| ncor por at' an%ba “3@@8@8‘“%@&?%%%%‘850?%& with. o J‘g %ﬁseat’ﬁ%’r‘&‘/“?}ﬁg“ BB Py ent
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i nocul ated by any h@mmbmwmépumwﬁ@yany knovas@ d acaeptablgfernit h

 medi um and thg.{ LR, .G ORLARR bR he H3ge MRS goRlm ¥1dShmber of target

microorganism microbes inoculated into the growth medium should be sufficient to

20  provide adequate coverage over the entire area of the growth medium incorporating
the reagent. The sufficiency of inoculum concentration will depend on the parameters
of the MIC test at hand, including the type growth medium, target microorganism,
antibiotic etc. In most cases, however, an adequate target microorganism inoculum
concentration will fall between one thousand microbes per milliliter of inoculum (10

25  microbes/ml) and one hundred million microbes per milliliter of inoculum (10
microbes/ml); higher inoculum concentrations generally require lower inoculum
volumes. As stated earlier, the target microorganism is preferably a constituent within
a liquid or gel solution,

The growth medium, incorporated with the reagent and inoculated with the

30  target microorganism, can be incubated under any conditions that are acceptable to the

growth medium and the target microorganism. The growth medium is typically

incubated until a section of growth medium has detectable target microorganism
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det er ni ned byprespat;with thesarget migroorganisggrewth, ietenssd tp sstalishAhegrePiYy t he

position of the gro .bou uses .l " | t he sane
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20  target microorganism growth versus the light scattering characteristics in the section(s)

bearing substantially no target microorganism growth. In all three methods, once the
growth boundary is determined, the signal from the marker within the reagent can be
sensed and its magnitude measured.
The marker mixed with the antibiotic in the sensible reagent provides the

25  quantitative information at the growth boundary that enables the MIC of the antibiotic
to be calculated. Specifically, the magnitude of the marker signal at the growth
boundary is proportional the marker concentration, and the concentration of the
antibiotic can be determined using the known proportional relationship between the
concentrations of marker and antibiotic. The exact method for determining the

30  antibiotic concentration will depend on the physical embodiments of the growth

medium, how the sensible reagent is distributed, the proportional relationship between
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di 14, ti .a. trati dient 18 it t di al |
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i ncubat ed and @nresenting signal magnitude as a function of radial distance across the plate 12.

Marker signal magnitude is a function of the marker concentration in a given volume

20 (V) and is determined by sensing an area (A) of the growth medium 14 which has a
uniform thickness (T; V = A#T). The marker signal magnitude at the growth boundary
28 between the sections 20,24, for example, is given as the signal magnitude measured
within a volume (V) of growth medium 14 located at the growth boundary 28. As
stated carlier, the position of the growth boundary 28 between the sections 20,24 may

25  be determined optically, or by other means. In the growth medium 14 below the disk
16 and the section 20 of growth medium 14 having detectable target microorganism
growth 22, the signal from the marker may be obscured by interference. The total
signal magnitude from the marker can be determined by estimating the marker signal
magnitude in the obscured regions with a curve fitting mathematical analysis. For

30 illustrative purposes, FIG.2 shows an example of a mathematically fit curve 30 in the
obscured regions. The total signal magnitude from the marker is subsequently

determined by integrating the area under the curve 26.30. As described above, the
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medi um The ]in(l)ang.co‘taggx_@t rﬂ)i \_1' )i:bn* liafm‘t%zrmlgigi[)ﬁc)/gtotal volume)] ,, = {(am"t of antibiotic)/(V)] &

[(mag. of signal)/(total volume)] (o

If the diffusion rates of the antibiotic and marker differ, a correction factor
25 representing the mathematical relationship between the two diffusion rates is used to
correct for the difference. In addition, the above expressions require that the quantity
of antibiotic in the total volume of growth medium be accurately known. If all of the
sensible reagent 17 (containing an accurately known quantity of antibiotic mixed with
an imprecisely measured quantity of fluorescent marker) is incorporated into the
30  growth medium, then the quantity of antibiotic is ascertainable from the reagent. Other
methods of accurately determining the quantity of antibiotic within the total volume of
growth medium may be used alternatively.
Example II:
Referring to FIGS. 3-5, a trough 32 contains a layer of microorganism growth

35  medium 34 of known uniform thickness “T” inoculated with a target microorganism.

10
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grow h medium then the quantity of antibiotic is ascertainable fromthe

reagent. O her “k™ nmet hods of accurately determning the quantity of
antibiotic within the total volune of growt h medi um nay be used
al ternatively. Exanple |1l.. . Lo ferring to FIGS. 3-5, a
trough 32 contains a Iay(rar}r?I Bf(anﬁ?lglfcc?‘c’)“rﬁngﬁtpg)rﬁ“g/r(ﬁ%c‘f?%e"gg‘ﬁ%)d%m 34 of known
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10 15 ARAceUrste YafusdPRIGIentng Hie SAHRRN ArERPUGIRIPE Y THEiafonespirgions is
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of antibiotic and marker i1s applied to surface o e growt h medi um
34 located at ondepemigntodf théhlayerrof growtB Medhin34; is prbvided erngsniaga known amount

al ternative emhodifent where 2 quantiiy of, SE0SLELE feapepl, S8 gontal ning a

contained within the reference pad 38 caa be different from that used within the

20 reagent 36. If the markers are different, however, or if the response of the marker
within the reference pad 38 differs from the response of the marker in the growth
medium 34, the concentration to signal magnitude ratio of each marker must be
known.

The sensible reagent 36 diffuses into the growth medium 34, creating a gradient

25 40 of decreasing concentration as it travels laterally (shown diagrammatically in
FIG.3). The inoculated growth medium 34 is incubated and a section 42 having
detectable target microorganism growth 44 develops contiguous with a section 46
having no detectable target microorganism growth. A commercially available scanning
fluorometer (not shown) adjusted to sense the fluorescent signal characteristic of the

30 marker is used to measure the magnitude of the marker signal emitted from a given
volume (V) located at the growth boundary 48 between the sections 42,46, where the
volume (V) is defined as an area (A) of inoculated growth medium 34 scanned, having

a uniform thickness (T; V = A#T). As stated earlier, the position of the growth

11
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is expressed angthe C k[err] = (antibiotic

nst ant
concent rat i 843 F’tt“i"?ﬂftﬁ@fgié‘raf‘%epﬁfé%ﬁtﬁ?eaﬁr?%%zer_r]_ 15  An accurate val ue
representing theTh@dmemfation of HeQntibioti® atthe kRywth Botindaky §O(1EERhd RAC QRS 1S
determned at the time the sensible reagent 36 is manufactured. A reference

pad 38, 5 the antibietiefodehs target mirrodrggnismbéandesaichiated by first3leterininingrtbe i ded

contai ning a_known anpunt . . of, marker ich emits. a known gni tude of
f1 uor escent ﬁﬁ?qceﬁ‘ﬁ%oﬁé’? R&fven volumeéﬁg&%g&o%ﬁ{pﬁpﬁd%g P?—ff’%{}gnce pad 38
can be diff gjiRWing feRfbAdAR: used within the 20 reagent 36. If the narkers
are different, however, or if the response of the marker wi thin the
reference pad 38 differs flamiofmarkathe onlembef madeVMlker in the growth

nmedi um 34, the concentrati EHetbsiEBYnal nHyeg eiFigBYMieo of each marker nust
be 10 known. The sensible reagent 36 diffuses into the

37Tt ave igitan B bR ERENE e dolnondl ke hEARILBPGME T (20 OF

i nocul at ed - giacker bignatdt thegddwihsboundarp 48 éckmomai: a secti on 42 havi ng

detectabl e target nicroorgani smgrowh 44 devel ops contiguous with a
Section 46 hmqm%e&ésjiﬁﬁ%%ﬂ@w%mmm h A
commerci al Iy avail abl e scdP H§®@l~ | yoroneter (not shown) adjusted to

sense tH2 fiuorescent si gnal characteristic of the 30 marker is used to
measur et he giRg fHelhiftRerQontdnrafiB K&the 8RR bodilahy £hs ieRhed iHhtibioti

vol ume (V) | ocat eed atethg grow h bou%ary 4§mba§ vvegn t he ge’ctélaonlsm41§,46,
where the concenyagiomae te\growth bininidary #82an he detemmingdd)y maltiplyogthatatid gr owt h
medi um 34 s ned, .. havin ..a.uniformthickness (T; = A*T). As stated
earlier, thgﬂgtggﬂqbboﬁm&f‘gmeé o ﬁorllcen{rauons times dﬂ%&grcf“ﬁ%mtﬁ‘g%%ten t he
sections 42:KprdWih Bsind&y A8NHrofided e dafibiolic af the YnaPkd?Q¥ithin the séRIS. The
fluoronmeter generates a curve 50 (FI G 4) representing signal magnitude

as a furi@ti cengent I6czhaxe gqualidiffusine eateer oss t he trough 32.

k, * [(am’t of marker)/(V)] & = Antibiotic concentration at the growth boundary

If the diffusion rates of the antibiotic and marker differ, a correction factor
25  representing the mathematical relationship between the two diffusion rates is used to
correct for the difference.
Although this invention has been shown and described with respect to the
detailed embodiments thereof, it will be undefstood by those skilled in the art that
various changes in form and detail thereof may be made without departing from the

30  spirit and the scope of the invention.

12
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W thin the sengd Bli®firDmarkefigestcetbatidave equal diffusion rates:

kferr] * [(amt of marker)/(V)][err] = Antibiotic concentration at the
growt h boundary (c) incorgorating saidfreagentgntorsaidegrowth mediuminjamasnerdhatind mar ker
differ, a corr | ctor.25 r sent. . t i rel.atjonship
bet ween he. t wg e P ESRIT PEPReerRbEIR iy Wbiotc BB el B TPb eyttt
difference.jo growthmedium; Al though this invention has been shown and
descri bed with respect to the detail ed enbodi ments thereof, it wll
be understood by thé®dnosulatingspid gromiemedinm;with said target pigrpesganismanges i n

formand detail t hegnﬁ%cu qgﬁsﬁi_d%%la@dtg}gwh 8@8%%%&%8%{198 siBicientiRl 1t

and the scope of the”inven
12 said target microorganism to grow a detectable amount on a first section (20,42) of
said growth medium;
15 (e) determining a growth boundary (28,48) between said first section of said

growth medium having detectable target microorganism growth and a second section
(24,46) of said growth medium having substantially no detectable target
microorganism growth; and
(f) measuring said magnitude of said first signal at said growth boundary; and
20 (g) determining said minimum inhibitory concentration of said antibiotic using

said measured magnitude of said first signal.

2. A method according to claim 1, wherein said inoculating step comprises
providing said target microorganism in a liquid solution, wherein said liquid solution
25 hydrates an initially dehydrated said growth medium (14,34) during said inoculating

step.
3. A method according to claim 2, wherein said incorporating step inciudes

inserting said sensible reagent (17,36) directly into said growth medium (14,34).
30
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| Caim 1. A nmethod for determ ning the mninmuminhibitaory _
concentration of an antibiotic for a target mcroorganism conprising
t he steps WO 99/45137 (a) providing a m croorgani sm gr ®&TUSIE441n
(14,34); 5 (b) providing a sensible reagent ( 17,36), which

i ncl udes an 4nti bA edetifoddcé6xding to clauid\ﬂltﬁh&eiﬁ'ﬂsﬁxatmdﬁﬁ&ﬁﬁng s'ié}i lﬂclLMSSt mar ker
having a first signal with a nmagnitude proportional sald first

mar ker' s corﬁﬂ?lwﬂgeﬁa%d(ﬁ‘?n&ble reagent (17,36) qicertly antorapurface ﬁgad@GWﬁHagbum i nto
said growth in a manner that creates a gradient of
concentrati ons’ o sald antibiotic and said first marker wthin said 10
growt h medi um (c) inoculating said growth mediumw th said
target m croorgani sm (d) incubating said inoculated growth
medi um f o a-per | daeshod acaerdingstpiclajre A; whesein said incogpgratingstepeinclndesr oor gani sm

e um 15 ot o GHRHRkelenlty1abr oo BRI IR A P Bariomspid, o vcen s

first secti osubsttaré i cbntact with] 61vih Blos@ghiowimityare] He an@&hﬁh @anapt
m croorgani smgrow h and a second section (24,46) of said growth
medi um havi ng substantially no detectabl e target m cr oor gani sm gr ow h;

and f t ude of. s d f|r signal at said
growt h bound6ary A“}(ft%fam%ﬂdpn%t laﬂ%r{a%g#' ‘fﬂ"}ﬁ"ﬁ‘é‘ imuminhibitory
concentrgtion of ;&av:dmgratsebcmatm&ketswm&em said se&&idqnﬂ&ﬁﬁfe%tmkﬁd‘de of
said first mqgnal A et hod accordi n% to claim1, wherein

sai d inocul # béq@fgeémpptgg@smgmmhpp@md@pmgsm ible seeongesignal; cr oor gani sm
| d | ut h
i tal deﬁﬁd?aﬁegﬂ“%ém‘gge?’@mﬁﬁ*‘g’a‘*&kﬁbﬂﬁo ofith ot GE AR  Curat i ng

st ep. . A nmet hod according to clai m 2, wherein said
I ncorporatin ste I ncl udes I nserting said senS|bIe reagent (17, 36)
directly inth saidmathagaccomdineumefain | Jfythemprising the steps of:

15 sensing said growth medium (14,34) for contiguous regions having differences

in light scattering characteristics;
determining said growth boundary (28,48) along a border between said

contiguous regions.

20 8. A method according to claim 1, wherein said step of providing said sensible
reagent (17,36) further comprises:
providing said antibiotic in an accurate known quantity mixed with a useful

quantity of said marker.
25 9. A method according to claim 8, wherein said measuring step further comprises
measuring said magnitude of said first signal within a known volume of said growth

medium (14,34), said volume located at said growth boundary (28,48).

10. A method according to claim 9, further comprising the step of measuring a

30  total magnitude of said first signal within said growth medium (14,34).

* c L ] S *
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13 . 4, A met hod ac 1, wherein said
I ncorporating st ep I ncl udes mummnumumﬂ m5| bl e reagent 90 4)
directly ont W&%EBace of said gréwh nedifums  « (14,3 S9804413 A
met hod according to claim1l, wherein said incorporating step i ncl udes

appl yi ng said $en5|hlnetma@eémm@13cﬁﬁa 10\ieréin Sdidp 8éterifing $4d ddlimamd pl aci ng
sai d substrate in contact wth, or in close prOX|mty to, said growh

medi um (14, 34) inhibitory congentrationsstep-furtber compoisesithesteRoE| ai m 1, furt her

conprising the step wherein

sai d second narker %nl?glmélgtsgld\ﬁc%atggna@"gua“q':%?f §§f§9§* r%e%%rﬂf é?lgmr gani sm
growt h to produ@gnitde eNsidfiret §Qﬁméasarartadmn said known volume 5€4#$hid Qot&lal d

second marker to establish salma?rowth bound?a% (28, 48) . A

met hod accof di mggnimde phsaid first signal measuteswithir said)gromah E@élpm (dfh34)|,5

i frerances o i nPRan R RReEl 9t maPRY R R Balel R RintAlh Mdibior
det erm ni ng sab&ceﬁtmﬁbhobswmﬁaibwtkif& i) tafeOmidréorPaiisaer bet ween sai d
contiguous regions. 20 : A nmet hod according to claim1l1, wherein

said step of prOV|d|ng sai d sen5|ble reagent (17 36) furt her
| bi ot.i,c

conpri ses: rovi di ng sai d own
gquantity m xed WI t hAénealgogifa&Foergqo aﬁ%tl’l Y er?)'fl sglgl‘“&p r?{lpf?vf‘{:ng sat sens‘%b ©
10 reagent (17,36) further comprises:
providing said antibiotic and said first marker in known accurate proportion,
wherein said accurate proportion may be mathematically represented as a ratio of an

initial antibiotic concentration over an initial marker concentration.

15 13, A method according to claim 12, further comprising the step of.
providing a reference pad (38) containing a known quantity of a reference
marker, said first quantity of reference marker having a known magnitude of reference

signal.

20 14, A method according to claim 13, wherein said measuring step further
comprises measuring said magnitude of said first signal within a known volume of said

growth medium (14,34), said volume located at said growth boundary (28,48).

15. A method according to claim 14, wherein said determining said minimum
25  inhibitory concentration step further comprises the steps of:
multiplying said magnitude of said first signal measured within said known
volume times a ratio of said known quantity of said reference marker over said known
magnitude of said reference signal, and times said ratio of said initial antibiotic
concentration over said initial marker concentration;
30 wherein said product of said muitiplying step equals said minimum inhibitory

concentration of said antibiotic for said target microorganism.
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25 9. A nmet hod according to cl a| d nmeasuring st.ep o
further conprises measur i ng Ilml u; sai d first signal within
a known vowene9/45137sai d growt h *rre |u , sai d vol RE/YSIe/B44dY at

sai d growth boundary (28, 48). A rret hod according to claim9,
further conpgd.sing :ﬁéﬂ&@foeae:exfzmﬁiagwmmgn@n-?r@ububg;@dnc&ﬁ%bh%% of said
first signal within said growh nedium (14,3

14 antibiptic for gtarget mirtoergasm, wgmmmglt mmf wher ei n said

determ ni ng said nhi bi t or ongen n step further
conprises the ste‘g"B‘fov‘dmga“"cmorgm% (%(’ﬁﬁ e‘ﬁ Q%did’ ccurate known quantity

of antibiotic tingypividid #senbibledbabent (17, 3@%&&591@1‘;&& ananfibiblié Mixedi gnal
measured within sal d known vol ume over said total magni t ude of said

first sidghal witkamarkss, sid marﬂfershﬁvmsgrmhwnbdmque whigh is proportional to

wherein said o .mul tiplying step equals said mninum
I nhi bitory safd %E‘ﬁc%ﬁ?’}cg Tof said anti biotic for said target

m croorgani sm () mcoﬂp%ratmgém dgeﬁt 1AeCaidrbet Reditidt] iMalmanieeihgi N sai d
step of providing said sensib reagent (17,36) further conprises:
provi di ng sa¢reatama gadignt GSéﬁmoéeqnaemraugns ofesaldeantibioti audyaichmarken within
proportion, id ownt?rehx sai d accurate proportion nay be mathematically
represent ed H gropAt M5B an initial antibiotic concentration over an
ini-tial pearker corygdtilafingdfdid growth medidm with'saitPlaRRd miG66YeahiRd, t 0 cl ai m 12,
further conprising the step of J)row ding a reference pad (38)
cont ai ni ng a knovi¥) ineubating paid finasulatgdegrevythemedium for a period of time sufficient for

said target microorganism to grow a detectable amount in a first section (20,42) of said

growth medium, said first section having a concentration of said antibiotic insufficient
to inhibit growth of said target microorganism on said growth medium, said first
15  section contiguous with a second section (24,46) of said growth medium bearing
substantially no detectable amount of target microorganism growth, said second
section having a concentration of said antibiotic sufficient to substantially inhibit said
target microorganism growth;
(e) determining a growth boundary (28,48) between said first section of said
20  growth medium having detectable target microorganism growth and said second

section of said growth medium having substantially no detectable target microorganism

growth; and
(f) measuring said magnitude of said marker signal at said growth boundary; -
and
25 (g) calculating said minimum inhibitory concentration of séid antibiotic using

said measured magnitude of said marker signal.

17. A method for determining the minimum inhibitory concentration of one or
more antibiotics for a target microorganism, said method using a microorganism

.30  growth medium (14,34) and a sensible reagent (17,36), said sensible reagent including
an antibiotic mixed with a marker, said marker having a signal with a magnitude

proportional to said marker’s concentration, wherein said reagent is incorporated into
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marker, said first quantlty havi ng a known magnitude of
ref erence si gnal . Imﬁ mﬁﬁuﬁ-ﬁ accordl ng to cl %g" erein
sai d measur WQIMRY furt her asuring said mag e of said

first signal within a known voI urre of said growt h medi um (14, 34), said
vol ume | ocat esidgrowth rdedjurow t\mlamwndat yre@amg&)dxem(ls 40) ofl &oncentratinsg ¢fod

according to claim.14 [ el .det.erm n said.mn m 25 . .inhi bitory
concentr at i oﬁa’gtaég?”f’ﬂ? %“%’B?Fﬁ 5 ‘gga“ébg%f}m Said bt compaSiRg 151 yvi ng
sai d magni tu@geggfofsai d first si gnal rreasur ed within said known vol une
times aratio said known quantity of said reference marker over said
known magni t Wainodulatmigdaid gfevth muadivem grithlsaidaargettxﬁliqesrgaaiism rati o of said

initial antlblotlc conceptratiopn ove nltlal rke
concent r at’i on: 30 (®) incubating s‘Wﬂ’é‘P@‘l late S’I'°éi"t{5|m6’8 opf ngéﬂdd’qammeﬁ“ﬁ}%ﬁﬂh&fst ep

equal s sai d iy g Wb Qbidinyto grow SRREBlE AldunPoRl fiktbdhimiiod2ybkc for

said target m crodrganism

15 said grbwth médinmf hod for determ ning the m ni muminhibitory
concentration of an antibiotjic for t et m cyoorgani sm npri sing
the steps of: (c) determining 3 groyh b?ltndﬁg s 4R Pesurep s eiant s um

(14,34); ;ﬁ{?wf)h medxuxﬁ%vxe% Qéftbgiﬂﬂgtaﬁgé %ﬂ&bE{gﬁmﬁxﬁ%ﬁ%ﬂh ahd 4 sgb@)ld sébg h

i ncl udes an lot1rc mx a mar mar ker having a signal
with a mapni t@d@oynf il grewpr mpdurhiheviag substantially nealetecrablehargets concentrati on;
(c) incorporatjng said reagent into said growh nedium in a nmanner that
creates a gr JBICEROrEanisiBe@WL3Rd concent rati ons of said antibiotic and said
marker within ] id

growt h mediumw th Z?He%utg gg é%?mg?g{rugg?g% gl%{ker s'gl(aﬂt %%WCB ?nangatl ng
said inocul atad growth nediumfor a period of tinme sufficient for

(e) determining said minimum inhibitory concentration of said antibiotic using

15  said measured magnitude of said marker signal.

18. A method for determining the minimum inhibitory concentration of an
antibiotic for a target microorganism, comprising the steps of:

(a) providing a microorganism growth medium (14,34), which includes a

20  sensible reagent (17,36),

(b) inoculating said growth medium with said target microorganism;

(c) incubating said inoculated growth medium for a period of time sufficient for
said target microorganism to grow a detectable amount on a first section (20,42) of
said growth medium; -

25 (d) determining a growth boundary (28,48) between said first section of said
growth medium having detectable target microorganism growth and a second section
(24,46) of said growth medium having substantially no detectable target
microorganism growth; and

(e) sensing said sensible reagent at said growth boundary; and

30 () calculating said minimum inhibitory concentration of said antibiotic using

said sensed sensible reagent.
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said target m croorganismto gr mount in a first section.’
(20, 42) of said growt h med{‘”*m i"ﬁlﬂ Iﬂlﬂecti on having a
concent r at WM9W4513%i d anti bi oti C« I . to i nhi bi RCHYSAUOR413f

said target mcroorganismon said gromth medium said first 15 section
conti guous Wioh aAaeppatus Gsridefiimingt 6 mitihuaitnkibls WohceiBaiioHdear i ng

substantially no detectabl e anount_ of target m croorgani smgrowth, said
second artibiotigfona targry micreerasismsamplencIpprisifigd anti biotic sufficient to

substantially inhjhj j .arget m croorgani sm grow h;
(e) determ ning aamﬁb@?{u ‘8£’r2§/ (28,48) between said first section of

said 20  growt h gekbetof Mitvodigarikdh SRk hitdiuad A4L34Ydispeved G SnfploW h and
sai d second section of said growth nedi um havi hg substantially no
det ect abl & t Aeldes; agd cr oor gani sm growt h; and (f)

and 25 0 % Mg gbiCrefient TS io Rl B an B SF BB ar s on of

sai d anti bi Ohiagked fivifig a signal $ithch ABASUAES FropBAidnhltdaidimaaRérts doRtndratish gnal .

17. A nethod for determ ning the mninmuminhibitory concentration of one
or nor e SHé reaBe3iRcosparated inte said sheenpigrovtiymatiym in g masnercthatogeatesiang a

m cr oor gani s i 4. 34) and..a _senskb reagent. (17, 36),
sai d sensi bl g} a?%é“g%n o%%?ﬁaﬁg?énggkﬁ}of%# %‘%‘p ?“6‘?8?1?8“%?@8‘\)&"% s&‘drmr ker,

sai d mar ker grywtAenedivm.gnal with a nmagnitude proportional to said

mar ker's concentration, wherein said reagent is incorporated into

16 said growh nediumin a manner that creates a gradient (

18, 40) of copgentrat.i f . 4G ard izhi.ot i sai d marker within
said growth rarg'di umﬁaggﬁmrgrea?%oé%’n%g%gfnsﬁg? ’{ﬂ%é cgmgﬂgggs'eps of :

(a) inocul ating saiséhsgt forisénsiigdbtsaidvnadkessgnhl;tandget m croorganism 5

(b) incubating said inoculated growth nediumfor a period of tine
sufficient for meansfor detgetingtargeinisinogeanisshetowthir ow a det ect abl e anount

on a fir sectio f . i : C
determ nisl?lg a gr 0\9\'&h osundsae%orfsz%geﬂﬁé e%&%&pggwggmsl&%%ﬁwgf gai)d

boundary (28,48) detected contiguous with said target microorganism growth.
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growt*h nedi um havi ng detect abl e target m croorgani smgrowh and a second
section 10 (24, 46;7 of said growth medi um havi ng substanti al byTRR99/04413

det ect abl e Y4 §¥¢51 m cr oor gani sm growt h; and (d) neasuring
sai d nmagni tude of said marker signal at/sai d growt h boundary; and
(e) determning said mnimuminhibi torﬁ doncentrat i ongof said antibiotic

using 15 said neasured magni tude of said marker signal. 18. A
nmet hod for determ ning the m ninmuminhibitory con€entration of an
antibiotic for a target @0cragy gani sm_cqnpprising thé0steps of
(a) providing a mcr orgini g gr @4t h ‘wedi (A4, 28 ,l\/\)gi §ii ncl udes a 20
sensi bl e reagent (17,36); f i nogul at\ hg¥sad dl growt h nmedi um
with said target 1mi-gr per-g& —{c)—nctbatTyy said inoculat ed
growt h medi um for1@5%eri od df ti-sg~Sufficient fpor-—l__sa ’?JSL& *
m croorgani smto d4ow a detectable anount on a fFirst!section (20,42) of
said growth medium 25 { Egl) determ nildy a gLowth boundary (28, 48)
between said first section gf sai growt h nmedi um havi ng det ect abl e
target m croorgani smgrowth jand a second section | (24,46) of said
growt h medi um W‘QKWQ substantially no detectable tar get m cr oor gani sm
grow h; and GNAL (e)!l sensing sai d38ensi bl e réagent at said growth
boundary; and ﬁ (%f) cal cul atidg sai d ni ni trum i nhi bi tory

/N sai éissem;ed sensi bl e reagent.

concentration of saidianti biloti (‘26usi n
|
he m ni oum i nhiﬁlgy '2
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; 19. An a:)pawrf'l tus for
| a ' rodr §8ni sm sanpl e,

"

; term ning
concentration of i bii ot for a target

conpri si ng:

- 1

X

. 42
8
38 9P 46 / 44
RIBE / — ;O \ 2 Py ,‘/, s FIG. 3
spAL - | 3¢ 1
1
|
MARKER
SIGNAL |
>0 FIG. 4
I
o X
i
18 42
44
3\6 40 4& M { I
O I et S LT FIG. 5




a Sheet of ni croorgani smgrowth medi um (14, 34) disposed in "*"'],,
hol der; and  PCT awbmﬁt@mammmaﬁanoml ch i ncWag
antibiotic and a marker, said RerRE BHEYi ng a signal with a magnitude
pr opor t i INEHRNATIGNAL ARPLICATIGN PUBLISHEPAINRER THE PATENRBCOOPERYBION TREATY (PCT)

| neor 91? ﬁ'rte tidnbl PQtert SlalineddGis . OT gro ( ginlflem[a{x%lal S RorEN tb[;]ra‘t cr eWG 99745137

I'¢ and said marke

gr adilen conce trat ( 40) of,.sja
wi t hijn A9 T8 gkt @Wé Al 2(0.» InterdBon @ PR 0t RC A0S ftiite o (100959)

cl ai nh 10 f Ut bgr anwl Si Ag- cancnr for concionn e

7

\J\/ LE~AYA] LEA YA NEEETAYANE"A] ||3 I‘U’I 2 CAT u

mar ke %@.ﬁl ; EHEIsi04hR AP fed ElatlsA R0 A, AT GRUORE, BANBES BG, BR,
gr owt (Zﬁ wmm}ghmo" o mbet i g cenaarils g%ei%b.& €H} CN, £8/ 122 DE, 0K, BRES] FI, GB, GD,
o etz fngnaionaltFilmg Getowt h 1 March 9SUOLRSY |( 28, 4T GHedMs FRUU, dBifLi NUISE, K, K@, KP
sai d ftarget nicroorgani sm grow h. - Kz, LG LK IR TS, LT 20, DY MD, MG, MK,

(30) Priority Data: 81, SK SL TJ, TM TR TI‘ UA UG UZ VN, YU, ZW,
60/077,217 7 March 1998 (07.03.98) uUs Eurasian patent (AM, AZ, BY; KG, KZ MD, RU, TJ, T™M),
09/255,681 23 February 1999 (23.02.99) us European patent (AT, BE, CH, CY, DK, ES, Fl, FR,

GB, GR, IE, IT, LU, MC, NL, PT E) 0 I patent (BF,
BI, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN,

(71)(72) Applicant and Inventor: WARDLAW, Stephen, C. TD, TG).
{US/US); 191 North Cove Road, O1d Saybrook, CT 06475
(US).
Published
(74) Agent: JONES, William, W.; 6 Juniper Lane, Madison, CT With international search report,
06443 (US).

(54) Title: METHOD FOR DETERMINING ANTIBIOTIC SENSITIVITY OF BACTERIA

18 42
3 36 44
8 0 7 '/
¥ -\_-§.(  TA R DL LE LA IR SO LA
32/ T —— b e e o .3_4. F'T

(57) Abstract

A method and apparatus for determining the minimum inhibitory concentration of an antibiotic for a target microorganism are provided.
The method includes the steps of: (a) providing a microorganism growth medium (14, 34); (b) providing a sensible reagent (17, 36), which
includes an antibiotic mixed with a marker, the marker having a signal with a magnitude proportional to the marker’s concentration; (c)
incorporating the reagent into the growth medium, in a manner that creates a gradient of concenirations (18, 40) of the antibiotic and marker
within the growth medium; (¢) inoculating the growth medium with the target microorganism; (d) incubating the inoculated growth medium
for a period of time sufficient for the target microorganism to grow a detectable amount on a first section (20, 42) of growth medium; (e)
determining a growth boundary (28, 48) between the first section of growth medium having detectable target microorganism growth and a
second section (24, 46) having subsmntxally no detectable target microorganism growth (f) measuring the signal magnitude at the growth
boundary; and (g) determining a minimum inhibitory concentration of the antibiotic using the measured signal magnitude.




