WD 2012/ 069941PCT/ 1B2011/ 054598 VAG NAL | NDI CATOR TO DETECT BI OVARKERS OF

GO00D HEALTH Backgr ound The femal e vagina is naturally col oni zed by
a vari et ywohotraesbemi a, yeast, and m croorgani sns. For erampBmil/esssey mal
vagi na generally contains nore than 5 about 104 |actobacilli per milliliter

of vaginal fluid. Under normal conditions, the vagina flora provides a
mldly acidic environnent that hel ps guard agai nst the invasion of
pat hogeni ¢ m crobes. Unfortunately, this vagi nal bal ance may be easily

upset by a var glonpli RSRARIR TEFDRTECIROMARKERSSbY dGBR ent gl "

i nfection. Bacteri a\P&vagr nosi s, ?or exanple m Cr obi aI vagi nal
i nfection 10believed to be caused by an increase in the nunber of anaerobic
organisnms with a concom' tant decrea obacilli in the vagina. The

decrease in the HaRsaBl LREISRACIY coldhoths, (e DA, P dusly gid ect o

decreasi ng corrpetl tion nutrients’an anoun ctic
aci d pr esentmiciooeganidns r eersxagpiche inal Rgisa aeemer&lty ¢Q15rtaln$re10nmtrteinpl i cation

of opportuniy %Bpﬁ 6}5&{39%% p??mﬁlgﬁ%{\/@ L8fal fY\de) Sepﬁé %ﬁraﬂg’drﬁiﬂ[&%

suppressed b l'ac aci he“aci vagi na teopobr um
vagi nae, Bac/agnnarfld%prsmdes a@ﬂdiy\ecrdiclawvargnarat/that hdmﬂ)gdrard(agamsl\ibgaspher a,

Mycopl asma haomi ni t st rent ococ Prevot el | re sone, of the
speci es thatmva'lrsgm fé’@ﬁf&ﬁf‘”&ﬂ@f‘ﬁ’&saﬁ@fﬁﬁ geé\f ﬂdf‘l”@?ﬂ@fe@%e@a%%t erial
vagi nosi s geraert;alh;bset bplralvadetyacﬁ eittpha dsciots tsamlltimataly léém{oar@ﬁﬁmhnf@xgioﬂal pH
greater than abog i n_hono e epus dli sch r e, ﬁ tf e resence of
clue cells (i. a%?ﬂ?'n‘ﬁg'r@ﬁist FREIEXEMPEe 19 3 PRIYRICE §Cl@Pam vari abl e
rodsoe ben@gorterve dduead By ah if@ehdeBiRIhd ﬁﬂmbéﬁéf%fda@rodrdkf)r@éhrlsﬁﬁ wath 4 he
vagi na involve the use of various broad spectrum antibiotics, such as

met r oni dazolC@NCPBiR} Secreass i fapiobeasitidn ﬁreevaﬂ"rae Ahariestgasain thegukahps ot hey

may kill a %&éﬁbcﬁlﬁﬂgtﬁe@%fﬁn@%a@%é@hal@@Etedf'd%'crécals%@%o\ﬂbetnﬁ@n FRQRRNts
including the beneficial Tactobacilli. This nay cause secondary

conpl i cat i orf9d destangi the@moyet ofdaeliaq adid rieepnivbe i mseﬁpwothe@hi Thle
pat hogens i ny b€ ryragk HﬁlltW\c&tQﬁrth? ogEBﬁuﬁétﬁéddTﬁdHenWtﬁerﬁbur £

further treatnent regine t he estion rby products
to répl ace tlmoramllacsubbr@@sM by the laﬁeb@culﬂyandalse agitlic pédsofttheaagrear by

o nd) | MR obrag, BALRCESYS. QAR R B RS O
frequently \MQQaSpherraeMyagmlaama rlnamlmal&wtegtlserpmnocws and Prevotella are some
of the species that are prevalent during a BV infection.
Symptoms of bacterial vaginosis generally include an unpleasant smell, an

20 elevated vaginal pH greater than about 5.0, a thin homogeneous discharge, and
the presence of clue cells (i.e., vaginal epithelial cells coated with small Gram-
variable rods).

Current treatment regimens for bacterial infection of {he vagina involve the
use of various broad spectrum antibiotics, such as metronidazole. However,

25 antibiotics are often undesirable because they may kill a broad range of the normal
bacterial flora in the vagina, including the beneficial lactobacilli. This may cause
secondary complications, because the lactobacilli keep various opportunistic
pathogens in the vagina in check. The treatment may then necessitate a further
treatment regimen, such as the ingestion of cultured dairy products to replace the

30 lactobacilli in the body, as well as treatment by antifungal agents. Arise in the
level of anaerobes due to a lack of /actobacilli could further complicate the

infection. Antibiotics, when used frequently within the vagina, may cause systemic
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WO 2012/ 069941PCT/ 1B2011/ 054598 toxicity through absorption fromthe

vagi na. Moreover, the relative ease of treatnent should not be

m si nt er pwet2err/@m@s94mavi ng no clinical inplications. Pregmramap2011/m54598
particular, is a tinme where bacterial vaginosis can cause serious problens.
Bacterial vaginosis is becom ng nore recognized as a contributing 5factor
in pretermdelivery, and increased norbidity and nortality during birth.
Previous efforts at tests for bacterial vaginosis have been limted to

det ecti on ofto@é.ﬁrfﬁrdagh%bgé A6k FR(naRaGNG! ARlreavel! thE reiBfiReLlby The obvi ous

dr awback of suc oach e act erla va Inosi s 1 nfection mnust
al ready be pﬁrreegmnt Sh@uldtrt@ébe@rysmmpreade@thawm ryaqulcaHénrétcefI@rSe no test

exists that Prédh: éﬂa& uldré9'%eMe F‘est?élﬁ}al 9% %rlacﬁl‘f‘s%'s{e%EQ as

pronot e bette a1 OF's an pOSSi vior 1o avoid
bacteri al vaogmbiemss Blanh‘eeetvaglmoass lwbbboramgcmcbrerremg‘rmtilasrmcorﬁptmmnbl cally, no

test exists,.] i 1 ca [ OVi ed si.gni fi cant assur ce when
heal thy and BPHA R el s FellfrRnd At Reridiibr B RAn SERLHRA"C . Moo
currently exi st sPteodsafforisiat togtefos baeteriandgirasiy Have been lintitd t(Wm ch are
capabl e of inform WO about .their v nal,  heal t h ds of utilizing
ot st Btion Py BT apsacis Ster il Rt MiStion MBS one

enbodi nent  efawteckf @aembpprodeys i9thata tickgRPEddisostOinfdctibemusk ansddeer s of

beneficial vaginal health i scrjbed. The kit includes a f| rst detection
zone within b\‘RAgW%??rﬁ ‘E"}th%@ﬁtg’g‘ﬂ?ﬁ the saPei biFraiPigralng testpp et 68N bei ng

gener@t ed, WAGHA fledtht BESSRARAL 6 vatiN hbbih & adblorfdts Befé Kligidre
det er i nabl & from tcﬁle D-lactic acid detection séljgna The kﬁg further

i ncl udes a EBBHASRACRASSHIY s betinyini to avaiddhacieria) waigrsis inacsan @e vl ection
signal is caRaph& |%c@ﬁisn$&%ﬁl€élﬁ} ﬁg,teﬁ@k‘fé%r|ﬁ'mﬂuémﬁoméﬁ%gﬂ%%e;ﬁ’6vi8|é@m' ty of

hydrogen peroxide, is determ nab fromthe hydrogen peroxi de detection
signal . |n ynifigast W@ﬁs@%%wh@hhe@fhytai@ qidanentoroireperosging! carerieiod f or
detecting bigparkers of beneficial vaginal health is described. The nethod
includes contacting a test sanple with a test kit conprising a first

det ed%i on zone wAslsuph, a need currently exists for fast, inexpensive, and easy to use tests

which are capable of informing women about their vaginal health. Methods of

utilizing such tests would also be beneficial.

Summary
In accordance with one embodiment of the present invention, a diagnostic

20 kit for biomarkers of beneficial vaginal health is described. The kit includes a first
detection zone within which a D-lactic acid detection signal is capable of being
generated, wherein the presence or quantity of D-lactic acid, is determinable from
the D-lactic acid detection signal. The kit further includes a second detection zone
within which a hydrogen peroxide detection signal is capable of being generated,

25 wherein the presence or quantity of hydrogen peroxide, is determinable from the
hydrogen peroxide detection signal.

In yet another embodiment of the present disclosure, a method for detecting
biomarkers of beneficial vaginal heaith is described. The method includes
contacting a test _sample with a test kit comprising a first detection zone within

30 which a D-lactic acid detection signal is capable of being generated. The presence
or quantity of D-lactic acid, is determinable from the D-lactic acid detection signal.

The test kit further comprises a second detection zone within which a hydrogen
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30which a D-lactic acid detection signal is capable of being generated. The
presence or quantity of D-lactic acid, is determnable fromthe D lactic
aci d det ewoi2ore/spgmal . The test kit further conprises arseaBrdi/odebescti on
zone within which a hydrogen WD 2012/069941PCT/ 1B2011/ 054598 per oxi de
detection signal is capable of being generated, wherein the presence or
quantity of hydrogen peroxide is determ nable fromthe hydrogen peroxide
detection signal. The method further includes detecting the presence or
quantity of | | -Oki | ' d
determ ni ng pﬁeﬁ% %%tgﬁtgdgdsé%ﬁé?ggu%%t% P%Afg)% E I‘?;%r ogégﬁgq@f%%nﬁﬂe ? b%%ﬂ%%gP
hydrogen peraurnidi ol By&ogem nerixigieds determinablemdmthefMtrwmpem)ddaspects of
the present j, r IR Great
bescr | pt i on “SeChRh SEaf TheltneqidaTther hAER el M pRSLAE ol esent
i nventi on, ilhiecticiaed frtolrretHedB—ﬂacliOaoideieﬁénéioacsfgnadamcé«tetednrnmgdhe pm‘seoceil nary
skill |nth ool et forth arti arly he remai nder of the
apeci 71 cat | Oh QORI RY Rilealelt baPBR SoRfthu Rt  Hispiifd FhFlE F6ini cn:
Fig. 1is a per S Pttedrifeaturdseamdafspets of iteoghesemttinwaintiam apsdisyusdediic grefabat  may
be used in 'g’re nostic test kit of the present invention. 15Repeat use
referencélj garln ers In the present specification and drawings is
|ntended to represent sane or anal ogous features or elenents of the
i nvention. Detailed Descri ptBref lésd?m:t'ro&sehltrmt[bmw"lfg]@odi ments Definitions

20As used herein erm."vagi na" ge I efers to nal
structure of theAffBEﬁpéeP%lﬂlpg éeg?ﬂﬁﬁpree%PLWM?W{fnf Wh’\dfrfget Sgreﬁax of the
uterys to thﬁbdbﬁﬁbtddﬂ@recf@d&ofoﬂé@fbﬁjlridrﬁgklllmm@@ﬂlsl@tffm wées t he external

enitalia (e. ora ia mnora, and clitoris
g ( aﬂlcularly f ?he remainder o?t e specification, which makes refe)rence to the

appended figures in which:
Fig. 1 is a perspective view of one embodiment of an assay device that may
be used in the diagnostic test kit of the present invention.
15 Repeat use of reference characters in the present specification and

drawings is intended to represent same or analogous features or elements of the

invention.
Detailed Description of Representative Embodiments
Definitions
20 As used herein, the term "vagina" generally refers to the internal structure of

the female reproductive tract extending from the cervix of the uterus to the
vestibule. The term is also intended to include the external genitalia (e.g., labia
majora, labia minora, and clitoris).
As used herein, the term "test sample" generally refers to a material that is
25 tested for certain biomarkers which can be indicative of the state of vaginal health.
For example, the test sample may be obtained or derived from a biological source,
such as a physiological fluid. In addition, a solid material may be used as the test
sample. The test sample may be used directly as obtained from a source or
following a pretreatment to modify the character of the sample. For example, such
30 pretreatment may include preparing plasma from blood, diluting viscous fluids, and
so forth. Methods of pretreatment may also involve filtration, precipitation, dilution,

distillation, mixing, concentration, inactivation of interfering components, the
3



As used herein, the term"test sanple" generally refers to a material that
I's 25tested for certain biomarkers which can be indicative of the state of
vagi nal hwel2ie/ocbm exanpl e, the test sanple nay be obt acmas2r/o0ssss ved
froma biological source, such as a physiological fluid. In addition, a
solid material may be used as the test sanple. The test sanple may be used
directly as obtained froma source or followng a pretreatnment to nodify
the character of the sanple. For exanple, such 30 pretreatnment nmay include

of br et 1 cat FERIToR) AL Riro MRbIA KBRS e bR B DR Rold sal™ "%

di still ati osamplextonfgrm adigcehtneditimon, i nactivation of interfering

conmponents, the 3 WD 2012/ 069941qu/'¢e§%91314i054598 addition of reagents,

etc. Moreover, it may al so be ben fy a solid test sanple to

forma liquid metefarendenal Waidbdrmae iiptiétain to Refots entdiraentdiof thebe nade in
detail to vari ogs enbodi nents of the %‘i@c vention, one or _nore exanpl es of

whi ch®are sdtVaNgPRPS ST PESLHYY .grepqeg).f;qr@xeqjelw. fagh Sfar@Rl_ﬁli%mat i on
of the invenrbded wayiorrbk@émmnqﬁtﬁ&iﬂvérﬁmnmtmﬂqita&iapBeﬂfe,im»énti%.l hp be
apparent to those skilled in the art that various podifications and

vari ations rfesh b¥ilRaiaeraientie thaseskiiedimirerrt Bat vriavsmodiigeéiens Agd f r om t he
scope or spivajibtidHs rhiEbe AYRRLH 4y pre8snt iME@BS HithbSaddpaRfhd fidri e &lcpd or
described as part of 10one enbodi nent, may be used on andt her enbodi ment to
yi el d a stil9r spiit phibe irvapsan nEat instaRee featurgsdiiystatasterdespabed aeppt ebent

I nvention c f q |1 ' rlati ; W tdhin the scope
of {1e. apporyed BT el e feBiopO o Ao S| eiy (BT o

i nvent i on i enthadévertd Tihusait isdetentedithat the preserd invegtiomeovisBpsedtence and/ or

quantity of bioaan - Lndi | f t | al th.
For exanpl e,rp(l5 n ! cgr%ﬁ%la?]& gﬁﬁbag%ﬁgeg%? gb%gklwrgtgh%ossciopg Of Ear%tae%%%d%’@g@% (a)y(gd t hat
can be used thejr equivalente. t he presence and/ or quantity of lactic acid and

o ogen e SRuab RS E G G Rl A ol Mookt e
15 presence and/or quantity of biomarkers that are indicative of the state of vaginal
health. For example, in certain embodiments, a diagnostic test kit is employed that
can be used to indicate the presence and/or quantity of lactic acid and hydrogen
peroxide, respectively, within a test sample.

In this regard, the vagina and /actobacilli form a symbiotic relationship

20 where the vaginal epithelium cells provide nutrients in the form of glycogen, which
maintains the lactobacillus population, and the lactobacillus flora provides defense
against other pathogens. Specifically, lactobacilli produce lactic acid (also referred
to herein interchangeably as lactate), which acidifies the vagina, and hydrogen
peroxide (also referred to herein interchangeably as peroxide), which prevents

25 overgrowth of pathogens. Both lactic acid and hydrogen peroxide are produced in
copious amounts by the /actobacillus population of a healthy vagina.

Lactic acid has two isomeric forms, L-lactic acid and D-lactic acid. L-lactic
acid is produced by both the human body and bacteria, while D-lactic acid is
produced only by bacteria. In the vaginal flora, lactobacillus is known to be the

30 only bacterial species that produce D-lactic acid in significant quantity. Although
vaginal epithelial cells produce some D-lactic acid, it is believed that most of the
vaginal D-lactic acid is produced by the /actobacillus flora. Therefore, the quantity
of D-lactic acid is an accurate indication of the state of vaginal health. It has been
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20where the vaginal epitheliumcells provide nutrients in the form of

gl ycogen, which nmaintains the |actobacillus popul ation, and the

| act obaciwbusiddeor4a provi des def ense agai nst ot her pat hegens2018p&essi cally,
| act obacilli produce lactic acid (also referred to herein interchangeably
as lactate), which acidifies the vagina, and hydrogen peroxide (also
referred to herein interchangeably as peroxide), which prevents
250vergrowt h of pat hogens. Both lactic acid and hydrogen peroxide are

oo SRy D Rkt oo SHOBTE b TR S0 el ™

bD- | actic a\(/:ﬁd?utL’l-[()]_ mginnic oba 'tei’.‘;(’cj 'Bsmplredddlcadfj bmebﬂhylbstbigae Pimﬂmiarbzfy;lyr][ éarthin N
t ile ctjc acid is,produced .0 / bacterig. In vagi na

P o ot et P85S pfSeios & BUSREEoBAnd vaglns Brartpirds sidhid ik

pr Io;zluce Dd | abbutc 2@igtnll Mdfdatss 4 h@@mﬁy sttmagur} éeftalrﬁbmﬁedlﬁ’fen‘fs?lghe?pﬁeﬁ@i%é hel i Ftl
cel I s produc ic aci is belie at nost of f{he vagina
1 ack o ac PP SR ke BgORd PRELEBAERA PLYSR RBPAL 1oTRBNaK GricAtes o
quantity of hBakacsthe Akiif stilf ofer ambUbiRicptd, M s_bERe D IR8csbRtisy vagi nal
health. It has been 4 WO 2012/ 069941PCT/ 1B2011/ 054598 determ ned t hat the
presence of VEEina# progpis@reatet han phghingd me/mla®nhe/nyr. d8Peng/fhafr 38®dut 10
mg/ mL of a W%Lqmtgsbq@aﬁ% ted healthy state. For instance, in certain
enbodi nment s resence of l'actic acid in the vagina in anounts greater
t han about 12 ngDﬁ’Lectlwpf:laﬂ@@C@Cnﬂe@ﬁrtb@/amomrélshedqbscemEazwn@@b@@ﬁ asaays, the
pres i 1 tRan about 15
o L ndi SacLe® an Resf fffio Rl We oot thalaR Bbgte. 047 2
presence of Iabtatadtehndragerdasiemreatesﬁmgnedacedwfoanmﬁntcstimmideeadeth about 20

ng/ m., 50 hy state.
Det ection o bﬂ%g@NaC|gh@g%bﬂéQ§§%%ép |§ﬁ%@8§bﬁiﬁsggggﬁéc%ased assay
10such as an assEcyr lusuahca,lmnge@alh@mmxjenejﬁhwieqgemtei&etrmoﬂDJlarnbabid axi dase.
D- lactate deh se _creates. the r d rmo ni ¢qt i nam, de- adeni ne
i nuc eot | A0 UGRIRTRR ey S aacieh bl FES o dlol sBtalHep By R A
For nenslt agcelehylfdrog@fatsal (D-leDi)) di-letid scid I(meadnatamsld‘xicnﬁd torpyfivale inatﬁlél c SCIb d
can include nulti ne .react.i ons rst .reaction catal yzed by
0-lactate 1@6%‘?98?8 %'ﬁ% ’Tﬁf‘@%@&'”eﬂquﬁtﬁof‘% Mlh )(%)'I actate) is oxidized to
pyruvate in the

(D-LDH)

(1) D-Lactate + NAD+ > pyruvate + NADH + H+

However, since the equilibrium of reaction (1) favors D-lactic acid and
20 NAD+, a further reaction can be utilized to “trap” the pyruvate product. This is
achieved by the conversion of pyruvate to D-alanine and 2-oxoglutarate, with the
enzyme D-glutamate-pyruvate transaminase (D-GPT) in the presence of a large
excess of D-glutamate (2).

(D-GPT)

25 | (2) Pyruvate + D-glutamate > D-alanine + 2-oxoglutarate

The amount of NADH formed in (1) above is stoichiometric with the amount
of D-lactic acid. A suitable color agent in the presence of diaphorase can be

utilized to quantify the amount of D-lactic acid present in the test sample (3).

(Diaphorase)
30 (3) NADH + Color Agent (oxidized) > NAD + Color Agent (reduced)




presence of nicotinam de-adeni ne di nucl eotide (NAD+) (1). (D-LDH) (1)

D Lactate + NAD+> pyruvate + NADH + H+ However, since the equilibrium of
reacti on wo)ofzee943 O-1 actic acid and 20NAD+, a furt her pceaBlO1ODS462N be
utilized to "trap” the pyruvate product. This is achieved by the conversion
of pyruvate to D-al anine and 2-oxoglutarate, wth the enzyne

D gl ut amat e- pyruvat e transam nase (D-GPT) in the presence of a | arge excess
of D-glutamate (2). (DGPT) 25(2) Pyruvate + D-glutamate > D-al anine +

Stor ohi omt i ¢ wotletReratm @R Bk PEEILE Rl el BE. ' Soent i

the pr gsencéoltoﬁmmg @[AIEd'r(@s@nlsyirBlltHaTettaZolltzredZHImrlotqat)aIApNB'T tphA&niaynsNitroof

D)t e 7S oS B TR Bl g 2 BRI Y
phthalhydrazidyl)tetrazolium chloride); B T, Blue tetrazolium chloride; BTSPT, 2-

5 (2'-Benzothiazolyl)-5-styryl-3-(4'-phthalhydrazidyl)-tetrazolium chloride; CTC, (5-
Cyano-2,3-ditolyl tetrazolium chloride); DMDPT, [3-(4,5-Dimethylthiazol-2-yi)-2,5-
diphenyl]tetrazolium Bromide, 1-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide; DSNBT, Distyryl nitroblue tetrazolium chloride; (1H)-tetrazole; IDNTT,
lodonitrotetrazolium chloride; INT, lodo Nitro Tetrazolium Violet Chloride, p-iodo

10 nitrotetrazolium violet (2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium
chloride; INpT, 2-(p-iodophenyl)-p-nitrophenyl-5-phenyltetrazolium chloride; mNBT,
m-Nitro Blue Tetrazolium Chloride; mNNT, m-Nitro Neotetrazolium Chloride;
MNSTC, 2,2-bis(2-methoxyl-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxa-
nilide; MTS: 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-

15 sulfophenyl)- -2H-tetrazolium salt; MTT, tetrazolium bromide, thiazolyl blue
tetrazolium bromide, (3->4,5-dimethylthiazol-2-yll-2,5-diphenyltetrazolium
bromide); NBMT, Nitro Blue Monotetrazolium Chloride; NBT, p-Nitro Blue
Tetrazolium Chloride, Nitro blue tetrazolium chloride (2,2'-di-nitrophenyi-5,5'-
diphenyl-3,3'-(3,3'-dimethoxy-4,4'-diphenylene)- ditetrazolium chloride); NT,

20 Neotetrazolium chloride (2,2',5,5'-Tetraphenyl-3,3'(p-diphenylene)-ditetrazolium
chloride; NTV, Nitrotetrazolium Violet; Thiazolyl blue; TB, tetrazolium blue chloride
(3,3'->3,3'-dimethoxy(1,1'-biphenyl)-4,4'-diyl]-bis(2,5-diphenyl-2H-te-
trazolium)dichloride); NBT, Nitroblue tetrazolium chloride; oTTR, o-Tolyl
Tetrazolium Red; PCTMB, sodium 3'-{1-[(phenylamino)-carbonyl]-3,4-tetrazolium]-

25 bis(4-methoxy-6-nitro)ben- zene-sulfonic acid hydrate; PNBT, p-Nitro Blue
Tetrazolium Chloride; PTB, Piperonyl Tetrazolium Blue; pTTR, p-Tolyl Tetrazolium
Red; TC-NBT, Thiocarbamyl nitro blue tetrazolium chloride (2,2'-di-p-nitrophenyl-
5,5"-di-p-thiocarbamylphenyl-3,3'[3,3"-dimethoxy-4- ,4'-biphenylene]-ditetrazolium
chloride; TNBT, Tetranitroblue tetrazolium chloride; TPTT, 1,3,5-

30 triphenyltetrazolium; TR, TTC, TPT, Tetrazolium Red (2,3,5-triphenyltetrazolium
chloride); TV, Tetrazolium violet, Violet Tetrazolium, 2,3,5-Triphenyl-2-H-
tetrazolium chloride, 2,5-diphenyl-3-[.alpha.-naphthyl]-tetrazolium chloride, 2,5-
diphenyl-3-[1-naphthyl}-2H-tetrazolium chloride; VTB, Veratryl tetrazolium blue;
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WO 2012/ 069941PCT/ 1B2011/ 054598 Sui tabl e col or agents can incl ude
tetrazoliumreagents including the foll ow ng: pABT (p-Anisyl Blue

Tet r azol iwon2Ch@ed4de) ; pApNBT, p-Anisyl-p-Nitro Bl ue TercaaBraiuns4S¥d ori de;
BSPT, Thi azolyl blue (2-2'-Benzothiazolyl-5-styryl-3-(4'-

pht hal hydrazi dyl )tetrazoliumchloride); B T, Blue tetrazoliumchloride;
BTSPT, 2- 5(2'-Benzothiazolyl)-5-styryl-3-(4'-phthal hydrazi dyl) tetrazol ium
chloride; CTC, (5- Cyano-2,3-ditolyl tetrazoliumchloride);

3,4 & D eyt iatolsdohaing e fbplien 28l coanli ﬁ”336ﬁ%%§NBT
Di styryl ni ﬂrsutﬁdamﬂietéTT 8&3-|bl8(121‘ﬂ’cdﬂ11®<ryl éi@otr()ﬂ-eulfpphem)eme:tetrmu'm -5-
| odoni tr ot etr agol i Gho e LNEiod LR L 8d B AR e e! et Ont ori de,

p-iodo 10nitrotetrazdlium
(2-(4-i odophenylfhéle(vémfIID—lLegihneaDyde)reBelpﬂhamé test sample icambetdeteriviiegd ihNp T,

2-(p-l odophe -ni troph 5-phen traz m,chlorid NMN\NBT, mNtro

Bl ue et razmd/@ln &Ha&@g?ﬁﬁﬁ"e (%l E{rpﬁ% et?fr'?rﬁéldeﬂ/l\lSTC

2, % bl3 sgi gafjthcmgarﬁ@nasttortest‘limmItrﬁleapbsamldusoi’%éuwt ﬁa%snksamr@]me&d{@rfgwim |'i de;

Mr nnet razo car boxynet hox en -2-(4-

15sul f opheny fgweenébﬂﬁét%yqr tpSi %K‘ %’g‘epla?f ue futthe a5t P%ﬁﬁ'eﬂi‘gﬁt'aé‘g'dt hi azol yl
bl ue tetrazelildarPposbldeted.

(3->4,5-dinethyl thiazol -2-y1 phenyl tetrazol i um brom de); NBMI, Nitro

Bl ue Monot et r azoPP Gﬁ?‘éﬂ*ﬂeérqb@ée lﬁmte qamseeﬁ%alap&apa@@ ChsplVaIRgdhe or i de,
Nitrey bl ue Tcglta\ye'f?@l@h 'oF'm-Iﬁ&hpéd@?o ﬁu@até dhg 'ﬂ &Fo@@ﬁ‘%@bb%o@ iR the presenc

di phenyl-3, 3" -(3 hoxy- ene - ditetrazoliunn c orlde)
NT, 20Neot epxmﬂ tpmua@hﬂabyelyjéetermme the Ieve of D-lactic acid in a test sample.

2,2',5,5 I I
N 1ot o razor) oy e atgpAcdzddad\BIE RS BRI E5Pbe UMD B SRR, e
(3,3 ->3,3 pdmmseh@qe(wcmlacbatpmwwww cati gdnivethiDslaRtiGacldl phpwyx&kamH te-

Lrazol | um dLghl g6 dh pobTue Nl 0bH By S A LbINTEBURA GG 19788 O To! V!

Tetrazoli uf n
-[15 [ (phenyl anwma)w alesbeamdle c8ntéinireg armamoknowm quantity of D-lactic acid is

3

bi | f d_hyd PNBT Bl
L N )
Tet r azol i umgRantity BfDNBdﬁc %111 e bestrgbmplet ﬂmehiydﬁogeentgeaaﬂdm gan bél ori de

(i 2b| Sihenyagf?é’?e%(rj&f yr‘é[?@ffrl r@%h{’)ﬁ'agp' R ARG he“%? ya‘?{?tél%&ﬁ? ag'l et h%)z(gl |4um

chl ori de; TR&krmied, 5- 30tr| phenyl tetrazol i um TR, TTC, TPT, Tetrazoll urn

Red 235tr|phenltetra chlorid TV, Tetrazol i um vi |l et, Violet
Tetr 8or i um o SRESW FIsiBarIob SRk LA AHAEHYEN 8 ogen poroxice

2, 5- di pheny bs%ﬂs%e@l@?alry%ﬁm Mdos‘ti%hr@ﬁfﬂlrﬂlh@ﬂa%Db@téhél@ha@ng?peromdatlve
d| phenyl-341- napht hyl] -2H-tetrazoliumchl oride; VIB, Veratryl tetrazolium
bl ue: 6 activity, e.g., peroxidase and peroxidase-like substances, and material which
undergoes a detectable change (generally a visible change) in the presence of
hydrogen peroxide and the peroxidative substance. In the presence of hydrogen
25 peroxide, the combination of peroxidase or peroxidase-like substances and a
comp‘atible material which causes color change (such as a redox dye) creates a
color whose intensity can be proportional to the concentration of hydrogen
peroxide, and thereby the concentration of D-lactic acid. The D-Lactic acid level of
the test sample can be determined in mg/mL by comparing the developed color to
30 a color chart which can be provided with the diagnostic test kit of the present
disclosure.
Representative patents which describe materials which can be used in
connection with hydrogen peroxide include: U.S. Pat. Nos. 2,912,309; 2,981,606; -
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WO 2012/ 069941PCT/ 1B2011/ 054598 WST- 1:

413- (4-i odophenyl)-2-(4-nitrophenyl)-2H 5-tetrazolio]-1, 3-benzene

di sul f onawe;20¥069941 PCT/IB2011/054598

2, 2-bi s(2-nmet hoxy1l-4-notro-5-sul fophenyl)-2Htetrazolium5- carboxanili de,
as well as other color agents as would be known in the art. The |evel of
D-Lactic acid present in the test sanple can be determned in 5ng/nL by
conparing the devel oped color to a color chart whi ch can be provi ded with

t he di agnost, . [-@S E8C . col or
falls bet wetest’1§4t9t\/\(/(iz)t%(‘bc:))’:ﬂogi2 Lfgﬁil %S%Sglr?%i %‘?g??ggi a’?gﬂ\@gru -}§§ 3S&§Hé f7 'sanpl e
D-lactic aC|3c654e1/7e9 334, 180; st 8@58dL70Awhidb sre iriaecbomted@y réfectreedetsindase i s

al so capabl g r tic .acid yruvat e
and hydr ogenE)gJ e\y%r‘r? fg’ hénﬁJ%%Z@%&S?raggyoggﬁ%xk’%%ueﬂ'?fjlqeé?)i'(%/aeﬁea et er ni ne
t he | evel ofsumsttaaces whiak ihdve heen sardestalipltee p@raridnsiutecdrdrey othedages as
woul d_be kn i, N t@% art c n be %Er i.zed for such purpose. One such

I

| actal e oxi WinGhBUIStNgss W \)ae?qu WIS BeSRSSEN o pyruvat e and hydrogen
peroxi de is produced by Streptococcus faecalis ATCC 12755. 15When a test
sanpl e cont gi ni,ng an._unkno ntity of D lactic ac assa d usi ng
actate ox| hoMO g REDen R &S R o 1B SiE RS RN BRSNS, Gard BrEs.
quantity of gRdltestikes acid in the test sanple. The hydrogen peroxide can be

detected by a S known met hod and the unknown Iguz;m_tit of D-lactic acid can
be det er mi néd). DisbliarsniUcheah odRO-phenRItesaiAg, NhtdbrethyRaraf yi ng hydr ogen

peroxjde in pﬁéﬁ?&ﬁe&@rﬂﬁeal\lw -diSByIDHRRYBRSHEMME, BERLGhB(NEICAR p ?db%&é@ce
havi ng peroxidative activity, e.g., peroxidase and perOX|dase-

subst ances, bAfaPRIEWRIcClonwHIapisidineIkrE@seen acrewnhisne tae lieye (gener ally a
bl e ch
e o TSP BB ARRA BcLUAS S9RILREERY) d5pRhis BEOGR Vo

substance. I'n the presence' o rogen° 25per oxi
per oxi dase @arpeiesrisdawdutinge gr abrwalmwesolam@ pinkcenipraandod milkmsespeasionhi ch

cavsgs coLore AN BHFl ARohol RARLEME speRTheRm S 10t et L
t he e¢dncent r(pﬂodoungfa vnitegurecipitate), GhndTIhEahl{é Lactl c acid | eveI of t he test
ol or chart (o SKIer el 8C Pl e R RL Ui ey 508 46 TedE RbTsTonkE >
present di sqlyasyafiel.(producing a reddish or yellow color), p,p- dlhydroxydlphenyl and

phloroglycinol;

(5) Aromatic acids, such as salicylic, pyrocatechuic and gallic acids;

20 (6) Leuco dyes, such as leucomalachite green (to produce malachite green),
tetramethylbenzidine (TMB), and leucophenolphthalein (desirably employed in an
alkaline medium);

(7) Colored dyes, such as 2,6-dichlorophenolindophenol;
(8) Various biological substances, such as epinephrine, the flavones, tyrosine,

25 dihydroxyphenylalanine (producing an orange-reddish color) and tryptophan;
(9) Other substances, such as ammonium molybdate, gum guaiac, guaiaconic
acid, potassium, starch, potassium iodide, sodium (such as N-
(carboxymethylaminocarbonyl)-4,4- bis(dimethylamino)-diphenylamine sodium
salt), and other water soluble iodides; and bilirubin (producing a greenish color);

30 and
(10) Such particular dyes as 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)
and 3,3'-diaminobenzidine.



Representative patents which describe materials which can be used in
connection with hydrogen peroxide include: U S. Pat. Nos. 2,912, 309;
2,981, 606W0 28120%%4006; 3, 092, 465; 3,558, 435; 3, 595, 755; P8TARN160598
3,627,698; 3,630,847; 3,654,179; 3,654, 180; and 3,853,470, which are

i ncorporated by reference herein. Exanples of various color formng
substrates of peroxidase and peroxi dase-|i ke substances whi ch have been
suggested in the prior art include, anong others, the 5fo||omﬁng subst ances

with a coupler waghe |§acmyenz t@(\)/{fh@?\?&mr@aqu’)azg {hé;éla |&§wﬁ3rle r&ﬁfqﬂgg Its

derivatives ort ho ? urdine m nes,
such as ort m@rcpMQXlélaemaa@thalesuuﬂtaﬂcedTnemlepdxiqmeaard@@’nmalw emutjsded ne,

N, N -di eth b
Cotor) i 2t RERXCRRAThE RO I BaFRE' Bpfidatl ohlrR PREERaRN R IR ) 0"
such as phenee sgpravduainigs @lant bemwidasé )i milk (igctolperaxiddse); anoeh ahite _and
B pens: on. BlRiEbRrR fe ottt Fanah e Bhgusd iEiitoSSnlgR B defhs
Ilgelt a- Raphlt hcpjrodltﬁz(eﬁI‘DQCfanTélﬂatamM(Bérfalrpéyﬂ?héi%@@?%sr’ﬁg;brg E%gld:ﬁ@fgcgﬁgrr)
0 enol s, such as catec
orct ho T pysR i Puftopss bt e oA syeae A FBGTB RS Such
p, p- di hydr oxyigltahesyhs ﬁétﬁhnpHe‘ﬂféh%g(@dlﬁ%xyhegéiloﬁnoﬁﬁﬁwbﬁloﬁﬁ' ds, such as

salicylic, pyrocatechuic and gallic acids Leuco dyes, such as

| eucomal achlhﬁ@oﬁhmpq%aﬂf?%%“% heRin deryedivey and eertaietey| benzi di ne
(TMB)y and |c%Hﬁ>‘é9H%Whﬁh%ﬁsﬂat@%‘%&x@@lvﬁ ﬁ%@éﬁ(ﬂ%@ 'llFe%Btl\ﬁ‘ﬂy ﬂér‘n@f‘?f m°'d' um ;

(7) Col ored dyes, such 2, 6-di chl orophenolin
Vari ous bi oltgypliy te GB@!)@Q&@% oxigaféan dﬁr@ﬁl@iépbﬁtﬁm@ by means aﬁ/l@ychssgert yr osi ne,

25di hydr OXY%%%{dé‘éﬁd"bt’H@r é%%ggl ng an orange-reddi sh color) and
(9

trypt ophan; stances, such as ammoni um nol ybdate, gum guai ac,
guai aconi ¢ aci d, Qearasibsianceswhict lare pott erzymembubwhidb deswdlstuahe( such as

X par boxyreLRYORIBMRSRIARINS ich diroll e TRRIXI A ”fg)roq@ BERARER.C Soont T,

salt), and er vva er s briirubrn 'a greenish
col orj; 30aredromic salts (such as potassium chromic sulfate) absorbed in silica gel, and the

like.

Referring again to the biomarkers indicative of good vaginal health, another
biomarker that will be considered in accordance with the present disclosure is
hydrogen peroxide. Lactobacilli are responsible for the production of microbiocidal

20 compounds in the vagina such as lactic acid, bacteriocines, and hydrogen
peroxide. The latter is believed to play an especially important role in preventing
overgrowth of pathogens in the vagina. Lactobacillus utilizes flavoproteins which
convert oxygen to hydrogen peroxide. Hydrogen peroxide can inhibit bacteria,
fungi, viruses, and mammalian cells because many bacteria lack an enzyme called

25 catalase that breaks down hydrogen peroxide and protect them from oxidation by
hydrogen peroxide. Alone or combined with halide and peroxidases present in
vaginal secretions, hydrogen peroxide also displays toxic properties as evidenced
by in vitro studies showing killing of HIV 1, Gardnerella vaginalis, Bacterioides sp.,
Neisseria gonohorreae, and Candida albicans.

30 It is believed that women with bacterial vaginosis have a significantly lower
concentration of peroxide in the vagina. As such, the level of hydrogen peroxide
can be used as a health state indicator as well. In addition, presence of
Mobiliuncus species and G. vaginalis, coupled with low concentrations of peroxide-
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(10) Such particul ar dyes as

2,2' -azi no- bi s(3-et hyl benzt hi azol i ne- 6- sul phoni ¢ aci d) and

3, 3' - di amvoabenwbdine. WO 2012/ 069941PCT/ 1B2011/ 054598 PCT/IB2011/8545% OXi dase
is an enzynme which will catalyze a reaction wherein hydrogen peroxide

oxi di zes anot her substance. The peroxi dases are general ly conjugated
proteins containing iron porphyrin. Peroxidase occurs in horseradi sh,
potatoes, fig tree sap and turnips (pl ant peroxidase); in mlk (lacto

per oxi dase) ; I u ergxidase): also it
occurs in m'oégdc‘)lfé Hgd;%ggz%a%a{@g ﬁggeiga\ger &}fé% Pge ?Fﬁh?%&ve%?m tain
synt hetic pqureagnad\awemear\mtralbmrMVa@hms ohhaébeems{etermlriexddmagle@ per oxi de
detection s ste h% sati sf actorr are.such subst anc %? g

met henogl obi ﬁeseé‘ﬁﬁr‘?é ‘%PS%“ ReToKERy fsYaena B AsgH T g8 ”%ﬁrk Y hematin,
henni n deri vaitionesesper litardfai tostasahele ml;iﬂ;amnemd@ stdie C Fodpgringé ript e
peroxi dative or perodﬂgase {%ke activi .the ability to cat alyze

the oXi dati SATBN SIHAGNBENS,HEPIFRENCH P! h%%fﬁge’bf’e Wedg &if YAingEN S ot her

peroxi des. &Ry muh%baap@mofbm@tésqfeenﬂé@tndmzésr@ﬁeamy sthteC i demmstrat e
peroxi dative activity are: iron sulfocyanate, iron tannate, ferrous

f er rocyani d€MOPSERPHH the psgsence §ﬁewra%erp6%r8§'§r%mﬁf@h\fa@iﬂadnﬁmwt%grea@gor bed

in silica gehan é‘%tﬁb@mb#dﬁ%les per Ilterlﬁiﬁtzﬁ% 'a%aﬁﬂ}abt%té Qnd} mestlt?'oﬂ@:r‘r kers
i ndi cative of good vaginal health, another bionarker that wl

consi dered iembadipentantbe pigsence Rehysireaemperakide b ther@ging Inmcwémgrpeteoxu de.
Lact gbaci | | iy, 4¢ 6&%@%@0%&%]8& Iﬁ%]ﬁZ@hﬁgrUﬁfo Lt 50 pR-GGbra! S per Lte O

20compounds in the vagina suc ctic aC| acter|00|nes
per oxi de. Tt@é1Damlm0m®e$@¢rlll@rerwlcaje®awam ﬁstﬁem ally inportant r oI ein

Tt e e M P BB BRI L 22
can i nhi bi t assaysearealestrivegi abowenmmlonandvhmrﬁnﬁdtlalacm% bssdyedaissey many
bacter 2 | 26kl RRUE R SThARRALR RRED PRI N0 URGRER .,
conbised wi tléibtlb«'dcidia tlamtbspeampledmasr qui teslenhemadyagldawcm@eh@'br ons,
R R AT A AR I e S
Nei sseri a 90n0hOFbB@)ﬁamﬁéﬂthQ@i‘aﬁ@nd@h@lklbbﬂﬁ@@resent disclosure can employ a
chromogen that is capable of undergoing a detectable color change in the
presence of hydrogen peroxide. Without intending to be limited by theory, it is
20 believed that oxidation of the chromogen induces either a shift of the absorption
maxima towards the red end of the spectrum ("bathochromic shift") or towards the
blue end of the spectrum ("hypsochromic shift"). The absorption shift provides a
color difference that is detectable, either visually or through instrumentation, to
indicate the presence of hydrogen peroxide within the test sample. For example,
25 prior to contact with a test sample, the chromogen may be colorless or it may
possess a certain color. However, after contacting the test sample and reacting
with hydrogen peroxide, the chromogen exhibits a color that is different than its
initial color. The color change may thus be readily correlated to the presence of
the hydrogen peroxide in the test sample.
30 The chromogen can be a leuco base, or a derivative thereof, which is
capable of exhibiting a detectable change in color upon oxidation. For example,
arylmethane leuco bases (e.g., diarylmethanes and triarylmethanes) are
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30lIt is believed that wonen with bacterial vaginosis have a significantly
| ower concentration of peroxide in the vagina. As such, the |evel of

hydr ogen wenoximesscan be used as a health state indi cat ®ecTaB20aebi4so8 n
addition, presence of Mbiliuncus species and G vagina/is, coupled with

| ow concentrations of peroxide- 9 WD 2012/069941PCT/1B2011/ 054598

produci ng Lactobacillus species have been |linked to pretermdelivery anong
pregnant wonen with bacterial vaginosis. It has been determ ned that the

presence of [ xi,de i he vagi na in anmpunts ater than about 1
m cronol es ;?g?(tpﬁu%@% u§$6|§ oggiztab@a%ﬁrgo&%m f?’)éy%%lngﬁﬁgaqsteﬁwlg?lg%gg. For

i nstance, i Mriaggmethane dsdvodiasestisr, exdaneplerevenicefaibwngdyergex spactard:de in t he
vagi na in amounts greater than about 5 mcronoles per liter indicates a
heal thy state. In certain enbodinents, the presence of hydrogen peroxide in
the vagina in anounts greater than aboutd10 micronoles per liter indicates
a healthy state and in still other enbodi nments, the presence of hydrogen
peroxi de in the vagina in anounts gr&ater—t8f han about 15 micronol es per
liter, 20 mcronoles per liter, 50 rricroh_ol es per liter or 100 m cronol es
per liter indicates a healthy state. R*  Known net hods for detecting
and/ or quantifying hydrogen peroxide in assays are descri bed above in
relation to when D-lactic acid is assayed using | actate oxi dase, hydrogen

per oxi de i s vheselndbdR'i andoRbprerindependentheelegiach fromysubktiDtedldidact i c acid in
the test sa I ' I tecti d/or ant,ifying
t he hgdr ogen%%g?%@tgg aBﬁ gg%%’?’ ' ?“ﬁﬁ?%%ﬁ Ré%%g}/legrﬁ:thﬂa%gﬁgoe%é @#iqrylz ed. For
exanpl e, t hgraipsgney be sukstitutetl withdumetieselrdrodps clLicks as emiran) hgdpixgly a

chronogen th i.S, capabl e undergai ng a, det ect apl e.col or ch e in the
presence of cﬁipc?(‘gbgﬁ'%ﬁéylo%(ﬂg)&'c’ @\MSD?/%[ RINER TN Hocting! pm%pégggﬁm?lﬁﬁor Y,
iL isb20be| iofgech trmzlmemadagémhba%%gelmgrlafmwmh dHl‘tdlgtr?@@n,@i(atd”l@iarﬂir%hift of
t he absorption maxi towards the red end of t spect " bat hochrom c
Shi Ty or oRaraeanuo e Uk coma s SRR I ) The
absorption HsfdVipled2] AEBagic BRIEPT! Wictdriar®ing eN-bBatoyl udeinesth@bh& et&i t her
visual Iy or through m&trument ation, to indicate the presence of hydrogen

per oxi de wi iikewvisensuitab digré/}meptggnq:@pc%paﬁﬁ @ay include 4,4'-bis (dimethylamino)

benzhydrol (also known as "Michler's hydrol"), Michler's hydrol leucobenzotriazole,
Michler's hydrol leucomorpholine, Michler's hydrol leucobenzenesulfonamide, etc.
In addition to arylmethane leuco bases, other chromogens that may exhibit a
15 detectable color change in the presence of hydrogen peroxide are described in
U.S. Pat. No. 4,089,747 to Bruschi, which is incorporated herein in its entirety by
reference thereto for all purposes.
In one particular embodiment, the chromogen is leucomalachite green (or

an analog thereof), which is generally colorless and has the following structure:

“Hy CHs
\ /
N N
/ .
CH; CH;

20
Upon oxidation with hydrogen peroxide, leucomalachite green forms

malachite green carbinol (Solvent Green 1), which has the following structure:

11



25prior to contact with a test sanple, the chronbgen may be colorless or it
may possess a certain color. However, after contacting the test sanple and
react i ng wiot2hi2dngesogen per oxi de, the chronogen exhi bitspaTaBioor/oideg i s
different than its initial color. The col or change may thus be readily
correlated to the presence of the hydrogen peroxide in the test sanple.
30The chronpbgen can be a | euco base, or a derivative thereof, which is
capabl e of exhibiting a detectable change in col or upon oxidation. For
exanpl e, aryl net hane | euco bases (e.g., diarylnethanes and triaryl met hanes)
are WO 2012/ 069941PCT/ 1B SUItae e oxidi zabl e
chronogens for use in thg" isclqsure““TfT.ryl ane | euco bases,
for exanple, have the fol kawi. cal. qcture:ywhefein RR R, and R
are independently selectqﬁ fro :tit ted‘gnd /Jnsubggltuted aryl groups,

such as phenyl, naphthylGHsant hreeeryl, gtc. The—dryl grdgHps nmay be
substituted vmth functi onal groups wCh™~&g am no, hydroxyl, carbonyl,
carboxyl, sulfonic, alkyl, and/or ot knawn functional groups. Exanpl es
of such triaryl methane | euco bases ing de | eucomal achite green,

par arosani l i ne base, crystal violet , crystal violet |euco, crystal
violet, C Basic Violet 1, d 10Basic \/olet 2, C Basic Blue, d Victoria

Bl ue, N-benzoyl ITagearsmm Mheoeuinaladitaiboeissiic emesti RbWEUE! hang | euco
bases may include 4, 4' -bis (di methyl anni no) benzhydrol (also known as

"Mchler's W@%?Gr)d'“%sc‘ﬁn% F IQOFR R AMINOLF BRI hE ievsemealachite Bres s hydr ol

| eucomor pholdafsinol Wbreh hidly b ﬂ?&f@h@ﬂed't8%ﬁpﬁ@?a%ﬂi?é§rle%ﬂ'%§|§b ﬂﬁmwﬁrag an|hﬂeadd' tion
to aryl nethane | euco bases, other chronogens that may exhib

15det &ct abl &rea)). besisregiedi damped grassdh s Vistoriaaeey B vﬁ@%;a gj@elarne

descri bed i nyoldr ngRak: thclb\‘ﬁylloﬁi g%g&] to Bruschi, which is incorporated
herein in its entirety {Irencetheretofor al | purposes. In one
parti cul ar enbodi nment chronogen is | euconal achite %een (or an anal og
thereof), which is genefjg ly cg ess and ha he foII ng structure:

/ N\

The hydrogen peroxide released by the enzyme-catalyzed oxidation of the

analyte may directly induce a color change in the chromogen as described above.

10 Because hydrogen peroxide has a relatively low oxidation potential for certain
chromogens, however, it is sometimes difficult to detect the color change (e.g.,
visibly) when the peroxide is released in low concentrations (e.g., less than 5 wt. %
of the test sample). In this regard, an electron donor may optionally be employed
to react with hydrogen peroxide and produce an intermediate compound having a

15 higher oxidation potential for the chromogen than hydrogen peroxide. A variety of
known electron donors may be employed for this purpose. In one embodiment, for
example, an excess amount of iodide ions (I') in aqueous solution may react with
hydrogen peroxide to form triiodide ions (l3°), which have a much greater oxidation
potential than hydrogen peroxide. Exemplary sources of ionic iodide include

20 hydrogen iodide (HI) and water-soluble iodide salts, such as alkali metal iodide

salts (e.g., potassium iodide (K!), sodium iodide (Nal), lithium iodide), ammonium
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Upon oxi dation with hydrogen peroxide, |euconalachite green forns mal achite
green carbinol (Solvent Geen 1), which has the follow ng structure: WO
2012/ 069 ORCR/LBRO11/ 054598 The car bi nol for mpofi/iBBuCesmésachi t e
green is also colorless. However, under acidic conditions, one or nore free
am no groups of the | euconnal achite green carbinol formnmay be protonated
to formmal achite green (al so known as aniline 5green, basic green 4,

di anond green B, or victoria green B), which is green in color and has the

fol I owing stigdigd iNI;1), calcium iodideT(lﬁ%lzﬁ,Yéié.?géﬂneQ%g%lQ%Iécﬁbﬁgéﬁ&st?ﬂa he
enzyme- cat al yzed oxli dat i on of the analyte may directly Induce a col or
change i n t Hecledfr dapwGe ®f Huoeyesateiiprsd sHefbae sodivBdbigaganats: dyotagsivinper oxi de
has a rel atiy; | WoTah [ : | 0 wever,
T e sompt i HaoYerefl RN oR ARG Rl s iBEI RIS FISCRRASE Mg a8" R C)
t he peroxi déronfll)r iy atsedd usedms ejectondarars. oifier xample, Aeatm's leaged isve. % of

Ll L5ty S 2Bl 4 e B 6dksoy FLB6L R0 8RG8 PRIGRRL LR Y, o°
conpound ha\irion_(jl)a?s dSdized heirorm(}|) dgthydrogeotpendxidd tofform tirgdedxyonadigenatcan
KA e RS D e T e e A T
ions (-) inpeeuddaio $pérokidemadiest aneacprovdn MHeyds0geg raxeeakhatea EPohgr m
et KAV WAL TR T AT I N
i odi de (HI) deeeribeatig.sobateheApskatieh Pablicatios Neh2e2/@] 19316 t9BbiRnskAdi de

which is incorporated herein in its entirety by reference thereto for all purposes.

Although the electron donor may provide intermediate compounds with a

high oxidation potential, the concentration of such compounds may nevertheless

be too low in some cases to produce the desired color change in the chromogen.

15 For example, high concentrations of a triiodide ion may result in a color (e.g.,
golden brown) that is visible to the human eye. However, as its concentration
decreases, the color becomes less apparent. Thus, a color developer may be
employed that complexes to the intermediate compound (e.g., triiodide ions) to
form a more intense color. One particular example of such a color developer is

20 starch, which encompasses both natural starch and modified derivatives, such as
dextrinated, hydrolyzed, alkylated, hydroxyalkylated, acetylated or fractionated
starch. Starches are generally formed from two structurally distinctive
polysaccharides, i.e., .alpha.-amylose and amylopectin, both of which are
comprised of .alpha.-D-glucopyranose units. The starches may be of or derived

25 from any origin, such as corn starch, wheat starch, potato starch, tapioca starch,
sago starch, rice starch, waxy corn starch or high amylose corn starch. When
employed in conjunction with an iodide source, such as described above, the a-
amylose portion of the starch may entrap or bind to the triiodide ion to form a linear
triiodide ion complex that is water-soluble and has an intense blue color.

30 The extent to which the electron donor and/or color developer facilitate the
desired color change depends in part on their concentration. That is, too large of a
concentration of one or more of these components may overwhelm the chromogen
and stifle the oxidation reaction. On the other hand, too low of a concentration
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salts (e.g., potassiumiodide (KI), sodiumiodide (Nal), lithiumiodide),
ammoni um WO 2012/ 069941PCT/ 1B2011/ 054598 i odi de (NH41), cal cium i odi de
(Cal 2), ewvo.2p12/0ebdaer suitable el ectron donors nmay incl u#eTaBEAUDBISIOT

t hi ocyanate ions, such as sodiumthiocyanate, potassiumthiocyanate,

amoni um t hi ocyanate, and other thiocyanate salts. Metals, such as
iron(ll), may also be used as el ectron donors. For exanple, Fenton's
reagent is a 5solution that is formed by reaction of iron(ll) and hydrogen

peroxi de. Thaiy h& en'hé &(ﬂ‘@o%l neﬁ é%ﬁgh tf)%éaémb'éxle ymﬁ [ Rg8R Rfy oxi de

to forma hydr oxy I cal an roxyl aniton. Iron then reduced
back to HO@(QQ@”W”W}@ @;amdldwut@émqymrhlleyed)maarp@muntd@m abddal and a

proton. The g’@ﬁé‘ Bﬁ@zé&?ﬂﬂ%p‘%@il iyl t(n%&é‘rhﬂ@&uh%ﬂ&s(ﬁrg%b@t'o 9 the

chr onogen. ther suit onors are cribed in U S
Pat ent Appl iabati t00PVM, iaodin semalemb20De g, Tebsabow 1Jtolerseh)o miM péris

At nobgh t nat AL ek eyl Tht Bt ot e Brtri a8t ishlinbor T 2 i g
oxi dati on pangridyealin amrwnanm’ncﬁrentamjt 0190dfto abolt 1Qont &b somayenedanéitel ess
be too | ow i.n _sonme t.0 0 e the desire oIo hange i t he
chronogen. P57 QU t@)@%a&ouﬁﬁdﬁu‘@oﬂ'&%m%ﬂ? Bhgo @fnegst? %?% o may
result in aabolio? M%@ase@@hd@wbugam‘)théltmsamphel sible to the humsm eye.
However, as its onc ntr%gn decr the col or becones | ess apparent.

Thus, a color de 8I38 Ve Eﬂ”Q%'QtaCEBWﬁP%‘?(@@htﬂé? P1§&eNtnt er medi at e

conpayind ( e disclosufd, ltmbmﬁmdgaﬁ)s é;spn%artdsvbaemm metiGR$®aFRArfler Rt it
parti cul ar exa | e of such a _col or devel oper is 20starch, which enconpasses

bot h nat ur aldo&§ &PE?P%‘R‘J‘“%HF’W%IM@#QW&?N@%X okthemedumdie.r nerrliysively
hydrol yzed, nﬁH&‘lbhl%é@)dTthéHagP@éaA o6k 8 RehdilPaSEYH tﬁé%ﬁa he m%%%r'tﬁ’é'{%egrSSt arch.

Starches are generally fornmed fromtwo stfuctural stinctive
pol ysacchar iuges oxidadon of theghsomegapl. J¥us eaﬂmpww@b@@mcnntabmgﬂr@f whi ch are

GorTved: 25t i mby Bl H0MIRRRSEId bt actffnethith SHEH oBeBlo Plof

deri ved 25froma orirgln S corn starc
st ar ¢4, tapleSlQaJhﬁQfaﬁmﬂIC sdgbonsltnav chntain eaguenus lapdicaxpnegueogt arlvzﬂntor hi gh

anyl ose COr Ty P%ﬁ@ﬁgggwmaﬁ 18¥ ome(fﬂ{ytHﬂS%b@@{#hﬁ@m%&uhpdé&FagﬁOurCe

such as descr e aanyl ose ion O starc rap or
bind to the mmaqmudodewlmntswa‘yondude gliymaial(e tr, iprapyieche glyool, dmltmérw(glyd:m,t IS

wat er - sol ubl S | ue [, 30 The, ext.e o whi ch the
el ectron dortl'gertﬁ%gﬁ?gﬁc é)%eﬁ{(}vﬁy%rljg}olfe%??rﬁ%y%m?ﬁh%g‘gpyga EBPor change
depends in miambpybenéghmot ); elooleaa{e.gt mathanbhathars), rt-mplamlgmd)‘sopropanol)
conc tratign of one

chrofidbgen and@LqPER § h\g a&ﬁ%&%ﬂ%ﬁ’%ggﬁ'%{?? One%qn'grﬂay%&ﬂwfﬁmf XY'SB‘*? 'ow of
a concent r atforomaldehydes (e.g., dimethylformamide); etc. The amount of the solvent and
chromogen in the solution may generally vary based on the desired level of
sensitivity. For instance, in some embodiments, the chromogen may be present at
a concentration from about 0.1 to about 100 milligrams per milliliter of solvent, in
25 some embodiments from about 0.5 to about 60 milligrams per milliliter of solvent,
and in some embodiments, from about 1 to about 40 milligrams per milliliter of
solvent.
Regardless, the solution may be dried to remove the solvent and leave a
residue of the chromogen on the medium. The chromogen will generally remain
30 within the detection zone until contacted with the fluidic test sample. Because the
chromogen is water-soluble, however, it would normally dissolve and flow with the
test sample unless otherwise immobilized. Thus, in accordance with the present
invention, the chromogen is substantially non-diffusively immobilized within the
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WO 2012/ 069941PCT/ 1B2011/ 054598 nmay not enhance the oxidation potential to
the desired extent. In this regard, the el ectron donor (e.g., iodide
source) m™EY 2be/epplioyed in an anmount from about 0. 01 toPralvaB20120898
mllinoles ("mM'), in some enbodi nents from about 0.1 to about 1000 mM and
in sone enbodi nents, from about Ito about 100 mM per 5liter of the test
sanple. The col or devel oper (e.g., starch) may |i kew se be enployed in an
amount from about 0.001 to about 10 wt. % in sone enbodi ments from about

0.01 1o abouletcrith zofe ifdshidrish WRn AR BSApolrcl . 28%Uknddulg P about 2

W . % based on the wel ght the test sanp To achieve the desired col or
change i n acobiais @ o Mare aons efde aapaliripkiorowarone or veore iensno gelutios.
applied to i i i that i o) tantially
P use t hr ouch o porREcdRpb oy PreE BRSOl ton ok 1 PaiBhaT IS

i rmobi | i zed)varigtyiof wayabFesexanugeranionie eanipbyndtenay isb leahahenthpe dhargeodfor

t hat pccurs i dati 0 X ol ugion

cont aig)ni ng ttﬁéejgﬁgrﬁ%ﬁggesﬁq%gg@qu%ﬁ% scw&q@%p?'%eér rﬁS'%tnﬁhgt}o@%&griogﬂs medi um
wi t hi n a detpeesand on ziessurfabs i éhecthromaipemaphis olediuno ninnadgditionnteitain an  aqueous

and/ or non-aqueous sol vent, dependin n the terial used to formthe
chr omat ogr apﬂ%foé"ch‘é%"BRHnd&f?tga%cléj%hH%YE((W&Bﬁgg%aw\'?élﬁtv\éal{?fays?l%lpude gl ycol s
(le. g.l, prolp)drﬁpi’ltﬂé Mmeh,red&luéd/i/vﬁ?ﬁ xghqocmd_ lse drlrdeamwbgn@refcelc@l prolftﬁ‘?aYe%oene
col, polye en col s, et hoxydi col, an i propyl enegl ycol ) ;
O Lonol " (e cbbesha b STaE HAS oM SSABIMavae ARy of Sthir
20t r hgl ycer indastits S Fay bxaaplesh 8mal @fiddREHf the icRRRidden mMeelfErys ahe,
t et rahydrafuran; xylenes; formal deh%/des, e.g., dinmethyl formam de); etc. The
amount of tr?é'déBPR}é‘?ﬁCt'%H'%fhWem PR HENG §NYIEqNE lgR e RIREIQAr v

based on therfdgal rek ayfadtb S@RMGE irY Edi¥r thECKolIRSHRESEly difecB@ERibility
enbodi ments, the chronogen may be present at a concentration from about 0.1

to about 1000 feMi-pgariiiativebronfuaniitaiivaly deterioe s preseRceekibabydiageti nent s
from about %%ﬁ&.aﬁ%’énjg%c%Hpb%@ y%EPOHPr?HCF &Het&frorﬂggéﬁ)mfﬁnt , and in

sonme enbodi ents, fromabout 1°to about Igrans p mlliliter of
sol veéat . inadvRdgalrekidalion. t he sol ution may be dried to renove the sol vent

qener ai 1y remain’ 55tectir el PR 2MRARLAhAAG JKBehDn MBI TR N the
f1uidic testindedipg the Beemuéhe drroriogemagdiits icsnventratios.obuitdise ahionever, it
o o ooy A8P1 a8 Akl e L R, B AR, PRI S0
i s subst ant iagldsy suxhnagihfdroctilered geid, mitabiakidz swlfunic taeidn phdep hbfic acid,

20 polyphophoric acid, boric acid, boronic acid, etc.; organic acids, including
carboxylic acids, such as acrylic acid, methacrylic acid, malonic acid, succinic acid,
salicylic acid, sulfosalicylic acid, adipic acid, maleic acid, malic acid, oleic acid,
gallic acid, tartaric acid, citric acid, formic acid, acetic acid, glycolic acid, oxalic
acid, propionic acid, phthalic acid, isophthalic acid, glutaric acid, gluconic acid,

25 lactic acid, aspartic acid, glutaminic acid, itaconic acid, trifluoroacetic acid,
barbituric acid, cinnamic acid, benzoic acid, 4-hydroxybenzoic acid, aminobenzoic
acid, etc.; sulfonic acids, such as methanesulfonic acid, benzenesulfonic acid,
toluenesulfonic acid, trifluoromethanesulfonic acid, styrenesulfonic acid,
naphthalene disulfonic acid, hydroxybenzenesulfonic acid, etc.; polymeric acids,

30 such as poly(acrylic) or poly(methacrylic) acid and copolymers thereof (e.g.,
maleic-acrylic, sulfonic-acrylic, and styrene-acrylic copolymers), carageenic acid,
carboxymethy! cellulose, alginic acid, etc.; and so forth. Anhydrides (e.g., maleic
anhydride) and salts of the aforementioned acids may also be employed. The
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WO 2012/ 069941PCT/ 1B2011/ 054598 detecti on zone in conjunction with an

ani oni ¢ conpound, i.e., a conpound that contains one or nore anions or is
capabl e oWofrmiépgione or nore ions in solution. Such amconBmiceswpeunds nay
facilitate immobilization of the chronbgen in a variety of ways. For
exanpl e, ani onic conpounds may al so enhance the charge of 5the chronbgen so
that forns an ionic bond wth one or nore functional groups present on the
surface of the chronatographic medium I n addition, certain anionic

conpounds (g, ma?cbieqﬁ)th d?rrﬁ%téﬁ s%H?%Htab%bgMnY@élﬁr bt@§ﬂbe§a s,
en ith a

preC|p|tate eacte euco base or erlvatl ereo
pr ot onat ed Icelgimn baltﬁepesn:m sediar ziec salise cepriensals, domselisdluripusl %ﬂ:btspr ow de a

variety of %r@&ﬂuﬂn%%fl@%hthénu St A r'ne‘szalt.é1 rﬁH@%résuﬁ-H‘é i s%nt’hgﬁ sGf\ orogen

may under go an oOXi I'on reaction eft or o hér oxI di zI ng
envi r onment ceommtaaﬁs)gpeaaltsaprpleareddbyqseaqtungéhe abits with yprieesl(et®, amoteaigge in

col org that Wé”‘nﬂar%%veirﬁo% ﬁm‘ngeeg) speﬁfgz(?neata |Jn' h‘X/H) ypaergzﬁl% p%(@%@&lia@@%é)vel y or

quantl tatively Uéte S ence of t The anionic
conpound may hel Wh@degmttowmmme@hugmge‘nnsnnmﬁbuhmhlmlayelepem(bmate’ on.

The sel ecti on_of tt he am oni ¢ co ound dgﬁp Sz ar| et%/ of f ctors,
i ncl udi ng t (FENERAY 'iﬂt'gn(? r}et?é"%?B B%W i "? a%cgn ‘fqn&tef‘ FHonglithep| e
ani oni ¢ conpaionitscdrmsounsien i ltme éHTem@geme@bludbrsMaqsbterfﬁ)maboutrmﬂ lttd@bodtczo
i i i C a 1 ds, as h hloric acid, pitric aC|d sul furic

i nstance, ingr.gan

aci d " phos piaToRsRel Htesg Bl o Habaamenisean ebais bl et et d,
et C. jjo Or ganingMaghdlm, sonitCémebdithedts, RONYAHGUt 8IS0 aBGB @M. acrylic acid,
nnet hacrylic acid, malonic acid, succinic acid, salicylic acid,

sul fosalicylic ai ecosgAnseviiide prefentdieciaeya, thpwlestiedtaagtionfimpc aci d,

gal lic acidpehfddrithb fedddris ( &gtéhﬁln?é"hgdrob% Befoxife, @lecﬁ‘@ﬁﬁbﬁoraeblgr gl ycol i c
acid, oxalic acid, propionic aci alic acid, isophthalic acid,

glutaric acidgvelgpéic i onay. b aC'Z‘EV%d:EY gelgefively %@Ffé“lﬂg éheamedlungmufvfaﬁh ni c
d, it | i d,
aci d, i acpgﬁ&zé_%%%?s S&dut) ¥RAQ8GRE L d&cﬂSb% dh N 5H1'5r'n5%>@%éﬂjvlc ,ﬁm' 1o sp, aci

ben20|c acl q, oxybenzol C aCI anlno enzol c acl ont c
aci d$5 such tkat thehjdmegenpéwxide andiat othrseagadsibfeaiiowed ¢o dowitaie@dnésal f oni ¢

id trifl , . ;
i sui foni ¢ S0 aoER, AREGANAIE Rirtr, i TRAGRM HGRIG BEtn BRGNS0 o1
as pol y(acr yhe bydrogerppmyoé(rdetdxwtnzq,slthe):hmuiazbeanﬂhk:bﬂmtqmwned wliteineof (e. g.,

mal ei c- acryld,scaetgla'e AN t%} ra%a||y§9d LRI 9 nﬁﬁFe%f‘tﬁ d%&ﬁ‘tf&l%g‘?lg?d)dﬂ W forth.

car ageeni ¢ acil &P oxyfre ulose I'nic” ac
Anhydri des (aﬂygmreamécbneagamlsymvelde)thaenid sﬁaﬂhbseaxfﬂohtme@mrsertbattli iened aci ds
ey %(l) so be u%ggaeqx%%Veﬂégﬁ/ interfere with observance of the chromogen within the

detection zone.

Referring to Fig. 1, for instance, one embodiment of an assay device 20 that
may be used in the present invention will now be described in more detail. As
shown, the assay device 20 contains a chromatographic medium 23 optionally

25 carried by a support 21. The chromatographic medium 23 may be made from any
of a variety of materials through which a fluid is capable of passing, such as a
fluidic channel, porous membrane, etc. For example, the chromatographic
medium 23 may be a porous membrane formed from materials such as, but not
limited to, natural, synthetic, or naturally occurring materials that are synthetically

30 modified, such as polysaccharides (e.g., cellulose materials such as paper and
cellulose derivatives, such as cellulose acetate and nitrocellulose); polyether
sulfone; polyethylene; nylon; polyvinylidene fluoride (PVDF); polyester;
polypropylene; silica; inorganic materials, such as deactivated alumina,
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15 WD 2012/ 069941PCT/ 1B2011/ 054598 salts may be in the form of netal

salts, such as sodiumsalts, potassiumsalts, calciumsalts, cesiumsalts,
zi nc sal twp oppEess1salts, iron salts, alum numsalts, ziPcTaBuamsady s,

| ant hanum salts, yttriumsalts, magnesiumsalts, strontiumsalts, cerium
salts), or salts prepared by reacting the acids with am nes (e.g., amoni a,
Striethylamne, tributyl am ne, piperazine, 2-nethylpiperazine,

pol yal | yl am ne) . The degree to which the chronobgen is imobilized may

depend on t r o] t .G Q) t t he
concent r at i SR SRRERIRHE oS0, SR Rblofn MRF SN sed RateBr RS my “be
from about dispetseddhaytor@ss pnlyrherm)amx widh polymers $Udhﬂ\as)\unyl rchlsmde vmgbodi nment s
f rom about t i,ment s rom apout 2 mM
to about 8 Wé%r@p@f% g’8ry§{gr¥|caé’ww{%ﬁgg‘e VW ?ﬁet%ilescg%lgme& Ck?atﬁe desired
reaction ti bethbeitm&yn ocdnﬂrlm@eeg@ntcsttc(rﬁ agd ,syrethétym@ g.hyyloiwgeraype), psials,

el ectron dono & I orﬂtjevel 0 5 etcC. %%&n% a3ch| ved ,b?/ sel ectively

cont rol | i nggfa Qﬁ’i e ge¥ di9etalpcpelymefic fimss SUGaS r eact i on
medi um i s cbbkyaawmla@mr@ dofortat W mémmﬁlammbmmwdnmaﬂoﬁ@t@famc and/ or
ot her reagents are f%llo d to flowlaterally in a consistent an

cont r ol | abl §&7HR&S g fram pjreselipiose n ﬁ@'y?WﬁbﬁﬂW”@H@atﬁBﬁﬁuﬂﬁShPH@

hydr ogen peb@ﬂnd@rsﬁb@dihéﬁtﬁett@% Gtk SUENAIBSe" rakir& tb hifricCRY dtBRh\Welillbdk, @
di screte detection zone for analysis. Due to the nature of the controlled

fluid flow, WRH) TOAY Ba&twewm@%@w@\féveﬂ@Steﬁef Riffie aid apdothenasifdn nedi um
so that it 'sécrzgyaw&ia%cfcgrb%&ywa%?dsyhémgeﬁ&ﬁrﬁPWéd?baipét%%ance of the

chronmogen within the detection zon erring to Fi 1, for
i nstance, one enboriPuRIAt oF mal bademediican cay Pwaterinl@bieslp q@@ylﬁ@%d in the

present invepldofiodibhichWida ﬁe%]%ggﬁrgabﬂe ge%dgfell %dréglort'%jéggr cH et he assay

devi ce 20 contains a chromat ograp rum d by a
support 21. trahgparantaeethalgigip rdadilyrpdsaes ttgetrugudie Inwdidltrbnomseah;o of a variety

of material eﬁ&raﬁ)zg Slygr(yI tﬁg't tﬁ% SLE{&&’( b?lsq%8%|%?$8%§%Q% ﬂ;lg(ﬁthVﬁﬂ%a fluidic

channel , porous or exanpil e di um 23
may e a pothusghr&rebna@enﬁdnam@t feehﬂrhmsagletheed@psum a‘sgan’qulﬁs ofcduithblel t ed to,

AT S e e R
paper and ceUd:hJJa@selydgrren‘eapolympyl@u@ tpohge st |(é.4l, dpgar@ciindf glyitadiene,
Lo o ga i BB AL St SR Bhblch, ik PyafoL bR | dere
such as deagblysiaing] 41d QﬁforﬂhG As is well known the art, the chromatographic

20 medium 23 may be cast onto the support 21, wherein the resulting laminate may
be die-cut to the desired size and shape. Alternatively, the chromatographic
medium 23 may simply be laminated to the support 21 with, for example, an
adhesive. In some embodiments, a nitrocellulose or nylon porous membrane is
adhered to a Mylar® film. An adhesive is used to bind the porous membrane to

25 the Mylar® film, such as a pressure-sensitive adhesive. Laminate structures of
this type are believed to be commercially available from Millipore Corp. of Bedford,
Massachusetts. Still other examples of suitable laminate structures are described
in U.S. Patent No. 5,075,077 to Durley, Ill, et al., which is incorporated herein in its
entirety by reference thereto for all purposes.

30 The assay device 20 may also contain an absorbent material 28. The
absorbent material 28 generally receives fluid that has migrated through the entire
chromatographic medium 23. As is well known in the art, the absorbent material
28 may assist in promoting capillary action and fluid flow through the medium 23.
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di at omaceous earth, MgSO4, or other inorganic finely divided materi al

uni formy dispersed in a porous polynmer matrix, wth polynmers such as vinyl
chl ori de,woiznidocedatior i de- pr opyl ene copol yner, and vi nyl pclliBzaidesssesny |
acetate copolyner; cloth, both naturally occurring (e.g., cotton) and
synthetic (e.g., nylon or rayon); porous 5gels, such as silica gel,

agarose, dextran, and gelatin; polyneric filnms, such as polyacryl am de; and
so forth. In one particul ar enbodi nent, the chromatographic nediumis

for med fromTﬁb%%Q%%éH&&é@n%“dJI .Ppepggtgaﬁtplefsgéas 298r BBEF i Htat iSpoul d_be
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b h h h
cadi t one 1 o eRnER 368 sEelelrid 24,08 bR e FrRSE RRsEY proEation
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for exanpl e, ABafsSoEY& mh ?bé%ﬁd Hgtsgt%@wi% thﬁirwb‘{’éﬁt nyl on
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t he porous nbrm%tﬁ@rap@cmm@ﬂm QWIOWfaylhﬂln@llpbram ap mrégfsflhe@rss&wsg tive

adhest vr, FPBATHE PhLELHERS Bl U RS EnEIN AL QPR F ORI C 2! 1Y
exanpd es of asumcw)latlm ivalh). rf%ctrenatarra@cthmrlewtmtlen desture tnay berdlrldcﬁ/ afpdieand No.
entirety. by BT plyorBlodteanic i3 ai8h BRACRl AL 20 may
al so cont ai theadireattion ilbistmateddiyearioat “L2& F@he Ahsoaihaty, thatrdxtu@ mapfigeber al |y

receives fluyj d“t at étas n‘? rat t hrough the entire chronmatographi c nedi um
23. As is wePl? elg \XP. PAMP " the absorbent material 28 nay assist in

pr OIT;)'[I ng capill RegarﬂmtssOﬂhgghcbgtﬁétugr@pﬁilcw\eduhmmgjbfhbeaﬁmid@mﬁag zoM I
2012/ 069941p B20 545 The assa V. y al so, include a sanple
bad 2> or oPRMITHANAEN 41 BRaenotcaich anines S st LR b A TR, The
chromat ogr aﬂmtaemd@mmr?e?m mryr@eﬁuramglptcﬁndaaér@rm@hﬁertdt@tsnﬁawe@&t.@ﬁed to form
t he sanpl e 8%94 22 include, but are not limted ni trocel | ul ose,

cel I ul ose, HRsSHRY BUSHT DAY bpHereteng| r@s%onf’?'ﬂ)téﬁt'oﬂqut[)e'lac%%ﬁ 51 f
desired, theithmPtedt PAAPIE2 HERM réEQBH MdY RARIPIheTRIR: 85GfYreRl RIcEFRIgTENT

materials. For example, the first detection zone 31 may include two or more

25 distinct detection regions (e.g., lines, dots, etc.). The use of two or more distinct
detection regions may provide certain benefits, such as facilitating semi-
quantitation. The detection regions may be disposed in the form of lines in a
direction substantially perpendicular to the flow of the test sample through the
chromatographic medium 23. Likewise, in some embodiments, the detection

30 regions may be disposed in the form of lines in a direction substantially parallel to
the flow of the test sample through the medium 23. It should be understood that

one or more distinct regions of the first detection zone 31 may exhibit the above-
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reagents, either diffusively or non-diffusively attached thereto.

Ceneral |l y speaking, the manner in which the assay device 20 functions nmay
depend ornwOhle1Zospe1of species sel ected for the reactiverconploaxessod n this
regard, various techniques for using the assay device 20 will now be
described in nore 10detail. For exanple, as stated above, the reactive
conpl exes are generally allowed to incubate with the test sanple for a
certain period of time. This incubation process may be conducted before

appl yi ng th%e%&‘ﬁ&ed%‘@@ﬂ?ﬁsmﬁ’bémeﬁ@rdﬂé?ﬁw?&{s Qh&g@gfl&%&g%@nﬁmr’a{loﬁmy be

i ncorporated as part o e assayi ng proce ncubation dccurs
after the té\@t/vegarrrpa@h ﬁ@tllacﬁpseglemnesdmht exdibiii suchm reBdinnghigubat i on wel ). For

instance, the i nguhat iy %e%@ﬂ%t%c c;ﬁ% s rtf?ecé eger?t%o#oeﬁ{{an?\f?fpor“ on of

t he chronat ographic rre ium FoWhTeR in the
di rection i IhydeogeatpecbXine can !w\déttarmlnad FiTge sécondd de&emtmlzmeb)% dalnebei xt ur e

may first b I ess hr omat ogr aphi ¢
medi uéan 23 d§+rﬁ%§6§%fﬁr8t cﬁ&%ctﬁ)gsg%ggq%g(ﬁ%&ia?% bqh/ %?Cgﬁ'yﬁrﬁ)@e&esence and
quantity of pBrdxiid. i doweved, sndistiessde bbove, wetkctidhef Dilastic abid mahé @irstzone 31
may gener al | LoV de er nct dete t| on_regions.so that a
user may be dégei% '8%?8’?%3%3? ﬁg a&%%%'ﬁ?'ﬁaﬁ)y&? Hapy 5619'8 I%\‘g?t& %cf‘f’ﬁren a test
sanpl e. Eaclwhictgalen cml/esdwaifr@gdm ;id”nex@@,nm wchcbnﬁﬁdaﬁrﬁ@mtsrtﬁéeﬂ@ted@n pBh&y i al s.
For exanple, the fi detection zon i nclude two or nore 25di stinct

det ecti on r &g BRKEP s%oaratpls[q@ tot?ﬂ?‘é’?ore%“& usate ¢@lgulgten gfthe fesrectivpyr e
di stnmct deuoﬂﬁﬁamgrsr egions nmay provide certain benefits, such as
facilitating sem quantl tation. The detection regions nay be disposed in the

formof |ines i nAStiliithiekqgtestion asse &tGan heypressni@nisteansseryeas Reoniromifof t he
test sanpl e el 96 dd@eorqhér@rmtt&gm%ug zBﬁé’é s &émamel@%.ﬁg tedtBq SOITE

enbodi nents, the detection i ons osed ormof |ines
in a direction sﬁﬂ@&@ﬁtﬁséﬁylw p@ca yre} '[Hedlrﬁtr@mqtl@wz@ﬂe 6H1@ndéf3€t seeondl e

through the d@?&?&ﬁ%@ﬁe 35 Ina it éiﬁﬂ%rrghé?lﬂﬁt %@?(tetggn\ﬂs@eﬁ o@é%@rﬁ“ net

regions of the tirst detection zone 3
2012/969941PC3¢mBaoatitaiy4yds aliestitativelyl (a.¢l asingirstriumebtatinnk forsthgnal

LS RBbaSt ity SPIRERALALLAR: CUGURAFE or R Dl B orcoh
zone 35, t heenmfen;ean@trwm'he@mdnranwdw uttiiyeld de saperoo xiifitecrt aletdatiodet er mi ned.
-ergge;?c]?g? ,? g%fe? Wgerggkogg@ fcﬁ?lﬁﬁ%@ﬁét%{:tlcgnoz&n% 1f as t?‘ute s%%})r% tion zone 31
detectlon zone 35.
20 In certain embodiments, the detection zones of the present device have a
sensitivity which allows detection of relatively small concentrations of the
biomarkers being detected. For instance, in certain embodiments, the first
detection zone 31 is configured to have a sensitivity such that it is capable of
detecting at least about 1 millimoles per liter of D-lactic acid. In still other
25 embodiments, the first detection zone 31 is configured to have a sensitivity such
that it is capable of detecting at least about 5 millimoles per liter of D-lactic acid,
and in still other émbodiments, 10 millimoles per liter of D-lactic acid. In certain
embodiments, the first detection zone 31 is configured to have a sensitivity such
that it is capable of detecting from at least about 1 millimole per liter to at least
30 about 100 millimoles per liter of D-lactic acid.
Similarly, in certain embodiments, the second detection zone 35 is
configured to have a sensitivity such that it is capable of detecting at least about
0.5 micromoles per liter of hydrogen peroxide. In still other embodiments, the
19



per oxi de. However, as di scussed above, detection of O-lactic acid in the
first detection zone 31 can be acconplished by an assay utilizing O-lactate
oxi dase, wbiotv/mbsi®o creates hydrogen peroxide. In such ecaB2orenissys t he
detection zones can be kept separate so as to allow for accurate

cal cul ation of the respective 10bi omarkers. A still third detection
zone 61 can be present which can serve as a control, if desired, for one or
nore of the previous zones and bi omarkers bei ng tested. After the

assayi ng pr %%56%[ @?teétkb?] 3drlesis |g%ﬁ’g§{dré’<§‘t02% & r%ﬁﬁ%t& Qﬁ’cﬁst‘ﬁ%f)ﬁ’gs 65?)%8%'[ I on

zone 35 may zed, either Itatively (e.g., visual o vat i on),
15 or semi - @Jdﬁ&eptmauew a’@putqhamrpmtasmryte(@ @ydrogsn peyoKidet anchivratitht i on) ,

for Lhe Pr eRes niod PLADSS i BhoRsl e RRPb! MSd Al oxBER g, on the

nature of the reporters and zed € sanme or
di fferent d@mimbllments,etbhrseqmmisda’tagtiolnezoeaﬁbdyemffgurect tochdverssserdiividet i on zone

31 as t he secon tectl 5. .20l n, cer,t nbhodi nts,.the detection
SonosS of -t neudh thell i Bl ST ectno SRR Pt BETCaDol F BRI RS it of oot
relatively doost bbc@rﬂ@@rrhncatmcmesmﬁhtém Hydmganbermdzaei ng detected. For

i nstance, in cer 6" n enb et.ection zone ngi%cqis configured

to have a sensiti UFP{PEN Wv?rl)]tg)tn quV'Pgs ﬁé‘ﬂﬁ}ﬂ)‘{e YMPife COEPPALP sast about 1

m | linoles @ﬁrmdritUemc@i‘or%cbat@'telyldét@bﬂ\g ﬂ)ﬂa(ﬁ'&:ldcid adierhyd?Syeprgdiigent s, the
d ,to have a sensitivity such that it is

first detectl s confi gur
capabl e of ?eﬁg samp eés& Vé’ﬂg@ﬂ ﬁ@;d}n Inthiggnanmepdpr %fwﬂg oregmal By ¢
acidqoand i mnas} bé lesfidB'a ﬁﬁ@@dte@sﬁaﬁme bl&néwbﬂsl djoss vaglhall hdath, gheQedtactic

acid. In certain enbodinents, the first detection zone 31 is configured to
have a sensi®sUimgy Bavisiinge that itisressfhuabseryed bineciarse) peréavming theaest about

1 mllinole |rP§rpr6rhE>ﬁ'haﬁr%raatnd|Lﬁ@§F te%p@&%bnéggnﬁﬂé&é M@ﬁ¥ Eéehrable' érﬁir of

0-lactic acid Simlarly, in certain di ment's second
det ecti on z&aesigen} testisspityuindte evernidiat the tﬁéhmtqat&&tpats\mgmeﬂ heglthis is

capabl e of q’@stseiﬁ%l‘\ Bgttrﬂﬁml faSths ﬂ%tlgnéw‘?rq\68gs\8%§ R thd lvbRfan@an el 0gen

peroxi de. In st enbo i ment's
2012/196994 1 RCIMArBRE Yagioaldeash s dbe ddvide syt them be dissadiedias aonif whem 8¢ t o have

a sensitivi i I

o oronnl o (5T B (<uch GRRBRIG dHledBh g Mletlaq £ ety Binetis, - o
5 m cronol equwaxatnpﬂesrasaﬁsdwslecbngeperreodrdreg telshofovegiral heattoody elptts, t he
second detection 5 is confi have a s nsitiv 5such that it

o capabl e 1o BRCEH epBFR! PLRER Bl ai R e e Bronst i RREF o o
| east about 100 m scoonadies withrthé iptesenodlistligsiregere @ehor:el @fehe devices The

DR ™ S Bb IG5 2B R B o BB e BEC b heeBY of e e

wi thin a tesfticgérgdnerdll§ réfers toagiynliclé bapable of #bdoifg ABIESEExamples®fanpl e,

vaginal Tl UIsgme absorbent articles include, but are not limited to, disposable absorbent
articles such as sanitary napkins, panty liners, adult incontinence garments,
diapers, medical bandages and tampons such as those intended for medical use

25 wherein a recurring test of vaginal health would be beneficial. As used herein, the
phrase "absorbent article" generally refers to devices which absorb and contain
body fluids, and more specifically, refers to devices which are placed against or
near the skin to absorb and contain the various fluids discharged from the body.
The term "disposable" is used herein to describe absorbent articles that are not

30 intended to be laundered or otherwise restored or reused as an absorbent article
after a single use.

Catamenial tampons suitable for use with the present invention are typically

made of absorbent fibers, including natural and synthetic fibers, compressed into a

20



10may be tested in a single step for the biomarkers of good vagi nal health.
The test result may be visible so that it is readily observed by the person
per form ngotzhe/deestt in a pronpt manner and under test ceadilB2anssssenduci ve
to highly reliable and consistent test results. In the event that the test

i ndi cates that vaginal health is |l ess than optinum the test can optionally
provi de steps that the wonan can take 15to i nprove vagi nal health. The
device may then be discarded as a unit when the test is concluded. Such a
single step ' chnj, ; [ j e, as
di scussed algjggéer?’q%add?e%é%%rl ngH%l Eg{%@ ?)efa g'\%g‘? L@FMﬁght‘?ﬁ{éﬁ@ﬁ rﬁaéfg\ﬂ{ybggﬁée@%nt

bact eri al vdgersdsclgdefongxdneeietcedliosic fiaesosush asaottbe andsatonofibetemsane. | n
accordance W.t4hnb esgrd, di.scl r i.ces

20descri bed eloQyheaRi 380% (UG 134 or Aen g PR, 8 ol refelensy,

"absor bent &nowgltebe get@afdrjampérerse.t o any article capabl e of absorbing
fluids. Exanples 0 bsorbent, articles include, but are t limted
to, d?sposabl e aggiﬂr@eeﬁ t%'?‘??'&sf as tgﬂgﬂlya@a@%mq%&?”%ﬁ‘i%@?”ﬁ%ﬁ?@“ M ners,
aﬂmt incontgraémpn@t they mpfr@yediwtfe;ramynwgébady baﬂdmgestoqmdvi?@mons fuﬁh ?sh
t hose intended.for nedical us Swherein a recurrin st of_vagi nal healt
woutd be. belEIEREATSOR G Caricie N eyt At b areiat SiseSaris Bribon
general l'y ref®fer hay deMicesmprabsd, aRbsudh cuntbregstivalpedadyhdw géritsallyand nore

specifically, refers to devices which ar ai nst or near the skin

| d
to absorb améEBBREa W?H@O{?é?"i%%n\epﬁioﬁg%‘?%%%% 5@%@ MSHANEPYBAY. The term

" di sp@sabl e'apksrbefeshdRsRIbRoiRNERSES, WRCcRREYP Bty it hbGé 8Sulthiak calé& drot
30i ntended to be | aundered or otherw se restored or reused as an absor bent

article aftdfappelj ayitablegethods and rogletals fiprdhe peagyetien eflfietnpene afowellise wit h

the present khBWﬁ%ifRJ%e%k@e&Wh%aArﬂ.y made of absorbent fibers, including
natural and synthetic fibers, conpressed into a W

2012/ 069941PCT/ 1Bztariploaabp®cassasautapedyr fofmiag dhezabsanberi anipjeseasi |y be
‘ d i - ) ) o fi ) ; "
Inserted | n%llggéﬂfedvr?egﬁﬂ%e %ylkhéfwn %’lh%@g sﬁll&’le ecé(? g?tﬁ?ﬂ%%ll&@%%@éﬁpgn,e 100%

cellulosic ers such as cotton and rayo
rayoms a bl entitlesf inclote arsuaai@ntiallydigquideimpetheableeyer (e s okieowvoverp adiguiii t abl e

oyl i ) oal POPERTR SPEG 8 ph BRI eR b BYEE ol PRA ol Ohel) §3¥50ay of
material to provWdelettheinveqtom leas bdesoddsicrigedmpietait yith tespectety tiespatie i n a
conpr esed 2yiReTaedS TBHER IRy oSty ERted Bt Ms KGRI ay e of
various fi bettaibirenatsunderstadding op tiefolddmbgg rizgneadiiydtonosiad sosleatiorsi tber s,
whi Crzlo ey Orvamongogf, er:]n%veequalvaslgri]tg ?obgh%sg %\r/n%rodiorrqents. Accordingly, the scope of

the present invention should be assessed as that of the appended claims and any

equivalents thereto.
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wr apper. Suitable nmethods and materials for the production of tanpons are
well known to those skilled in the art. Materials and processes suitable
for formwg20ieeadasor bent articles described herein arepoehB20ipnosysog o t hose
skilled in the art. Typically, absorbent 15articles include a substantially
| i qui d-inperneable |ayer (e.g., outer cover), a liquid- perneable |ayer
(e.g., bodyside liner, surge |layer, etc.), and an absorbent core.

Wil e the invention has been described in detail with respect to the

specific e”WAﬂiﬁﬁAlﬂ@lfg it will be appreciated that those skilled in

the art, up nderstanding of the foregoing, may readily
concei ve of alterations to, 20variations of, and equivalents to these
enbodi ments. Accbr di iydiagnestis léfo‘opbiomarlmeobb@mﬁnial vagirea hiealth shoul d be
assessed as @%Hm% t he appended clains and any equival ents thereto. WHAT
'S CLAI MED | 1. A diagnostic kit for biomarkers of beneficial
vagi nal heal t h conpr iafimstdetection zone within which aeD-ﬂdaotistac'cdiedeied:tioorBigrth W t hin

bl f d,
wherei n e covale AEbSlal SREEHT yReRIElhe B BRER GuBhuy Bh B FEIE S - om
the rlacti de’mnndwaﬁmfemntleaagmedc;d ad¢tdction signal; and  a second det ecti on

i thin which h dro er.oxi de d ectl n nal is abl e of bein
Gener at ed. whor el -t HLSHEEARERIEN 28GR UE ADUTGGEN PREPGR dRSCtes

det er mi nabl elgﬁélqmcbbablbbﬂbélgg@eﬁ@rra@ﬂ et 6wt proBersdeditajuantity of hydr%geﬁ\

di agnostic test inclaiml1, wherein the D-lactic acid
det gCtl on SPS’?%IC}% 5 %ﬁﬁrgu tﬂ%?f&ﬂb@e hydrogen @roxmweg@ﬁwagpql est kit as

defined in claim1l1, wherein the hydrogen peroxi de detection signal is a

color change. 2.  Adiagndstagestsdii as defipkd ki tlaias 1 dehérapche D-Rkad atid,
wherein the fjrst detection z@ge i s present on a chr omat ographi ¢ medi um

5. A di agnogF{egF?%?Q“ﬁl I3 aLOIEPARRKY in claim 1, wherein the second

detection zone is present on a chromatographi ¢ nedi um 6. A
di agnostic test Bijt a@ddagﬁbﬂ&dehtﬁ(itdsadeﬁhéd imbleireil nwhéreinfthe siyddgeact i on zone

conprises Dl aC! Al St oS QUFRES Esior change.

4. A diagnostic test kit as defined in claim 1, wherein the first detection

zone is present on a chromatographic medium.

5. A diagnostic test kit as defined in claim 1, wherein the second

detection zone is present on a chromatographic medium.

6. A diagnostic test kit as defined in claim 1, wherein the first detection

zone comprises D-lactate dehydrogenase.

7. A diagnostic test kit as defined in claim 6, wherein the first detection

zone further comprises diaphorase.

8. A diagnostic test kit as defined in claim 1, wherein the first detection

zone comprises D-lactate oxidase.

9. A diagnostic test kit as defined in claim 1, wherein the first detection

zone comprises a redox dye.

10.  Adiagnostic test kit as defined in claim 1, wherein the second
detection zone comprises peroxidase.
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7. A diagnostic test kit as defined in claim6, wherein the first detection
zone further conprises diaphorase. 8. A diagnostic test kit as

defi ned iwocheimsydyy wherein the first detecti on zone compmiBBA1/MB4ECt at e
oxi dase. 9. A diagnostic test kit as defined in claim1l1, wherein the
first detection zone conprises a redox dye. 10. A di agnostic test
kit as defined in claiml, wherein the second detection zone conprises

per oxi dase. WD 2012/ 069941PCT/ 1B2011/ 054598 11. A diagnostic test

kit as defined in4claj e ; ect | rises
redox dye. f 12%Qaépg%§éﬁ@ %J;%fﬁgﬁﬁpggﬁggf\lﬁhée%n} tﬁggﬁgﬁ%ﬁnﬂ wherein
t he di agnosdetectiesronhe comprigesseddomyed i n an absorbent article. 13. A

nmet hod for detecting bionmarkers of beneficial vaginal health conprising:
contacting a tesg,sa i i i Sl i : ct 4 zone
W thin which a Dﬁ%'ac?? ?%g\é{%)%ﬂ&drg?tte@élso#@%mgﬁhbn\g%%gwe&%%jl%@%%é teSf
5gener at ed, kikfieepasitioneddén pn @bsorbentoarticjeantity of D-lactic acid, is

determ nable fromthe D-lactic acid detection signal, and a second

detection zone whhi n widy for BYREAIPORRBHRK eﬁb&f‘eﬁigﬁo\i{éanﬂqyagihgam# |s capable

of being generated, wherein the presence or quanti rogen peroxide,
i s determ ngdMerisingm t he hydrogen peroxi de detection signal.;

| oi i )determ ning the ;pres I . j L r t he
D-lactic acid detect i'gn s%gﬁglcﬁﬁ%%gg%?%?§1é§%'}% k&ﬁé‘“?ﬂ@ﬁﬁggééﬁ@% or
guant ity of dhiedtiogeongweithirivdect a Drfattiveadiy detegtion gignaixs capathéd efcidimn si gnal .
14. A bmet hod as. Eee i ned hlﬂﬂl cll%isgp1 13 " wher. ei g tlhe,[. D- I.(;’iacti c acid Fﬁ} ection
signal”is aY&br's ngﬁbe. ep ce=0r gNapiily 0 -asticrgd A detepmieRie o3,
wher ei n t he tieyOnagieragrbdetscitbd sigriat,cdridonssdopdaletdction zo0é afthidhaigea
hydrogen peroxide detection signal is capable of being generated, wherein the
presence or quantity of hydrogen peroxide, is determinable from the hydrogen
peroxide detection signal.;
10 i) determining the presence or quantity of D-lactic acid from the
D-lactic acid detection signal; and
iii) determining the presence or quantity of hydrogen peroxide

from the hydrogen peroxide detection signal.

14. A method as defined in claim 13, wherein the D-lactic acid detection

signal is a color change.

15. A method as defined in claim 13, wherein the hydrogen peroxide

detection signal is a color change.

16. A method as defined in claim 13, wherein the first detection zone is
present on a chromatographic medium.

17. A method as defined in claim 13, wherein the second detection zone is

present on a chromatographic medium.

18. A method as defined in claim 13, wherein the first detection zone
comprises D-lactate dehydrogenase.
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16. A method as defined in claim13, wherein the first detection zone is
present on a chromatographi c nmedi um 17. A nethod as defined in

cl ai m 13,woherxicm4tt he second detecti on zone i s present eoTaBmhi/eswmesogr aphi c
medi um 18. A nmethod as defined in claim 13, wherein the first
detection zone conprises Dl actate dehydrogenase. 19. A nmethod as
defined in claim 18, wherein the first detection zone further conprises

di aphor ase. 20. A nmethod as defined in claim 13, wherein the first

detection zone cQgPh HEHolPakehiRdEinVIAiRARE wherein the first detection zone

further comprises diaphorase.

20. A method as defined in claim 13, wherein the first detection zone

comprises D-lactate oxidase.
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