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observed under a microscope and several aspects of the sperm cell composition

are quantified, such as density, percent motility, percent morphologically
abnormal, and forward progression. At this time, a single over-the-counter
product that performs semen cell count is also available in the UK and US.
Analysis of semen samples for couples who are failing to conceive is
currently limited by several factors. Many couples are reluctant to seek medical
advice for fertility problems until difficulties and stressors have persisted for long

periods of time. Once medical advice is sought, men are particularly unwilling to
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downstream direction. More specifically, step (1) may include generating a time-

dependent function whose slope approximates the change in number of cells
present in the collection reservoir per unit of time, and whose intercept present in
the collection reservoir per unit of time, and whose intercept approximates the
time to first appearance of sperm in the collection reservoir, step (2) may include

comparing the function with one or more standard functions generated with
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step (1) may include measuring the fluorescence of sperm migration through the
detection zone. As above, the sperm may be labeled with a fluorescence
reporter having a cleavable ester group that allows uptake of the reporter into
sperm in a substantially uncharged state, but inhibits efflux of the reporter from
sperm in a charged, cleaved-ester state.

Alternatively, sperm in the sample may be labeled with a magnetic or

conductive-metal particles, and step (1) may include measuring an electrical
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conductive-netal particles, and step (1) may include
measuring an electrical 3 WO 2004/ 053465
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active sperm in the sample as a function of time, and (3) determine from step (1),
the average rate of migration of sperm through the microchannel in a
downstream direction. More specifically, the electronics unit may operate, in
carrying out step (1), to generate a time-dependent function whose slope
approximates the change in number of cells present in the collection reservoir

per unit of time, and whose intercept approximates the time to first appearance of
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sperm within the microchannel. The detector(s) may be fluorescent detectors.
Alternatively, the detector may include a circuit element disposed adjacent
the detection zone, where the circuit element is responsive to nearby movement
of magnetic- or metal-conductor particles, such that movement of sperm labeled
with magnetic or metal-conductor particles through the detection zone in the
microchannel will alter the inductance of the element. The electronics unit in this

embodiment may include a detector circuit operatively coupled to the element for
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30 wth magnetic or netal -conductor particles through
the detection zone in the mcrochannel will alter the
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gener
invention, taken along section line 3-3 in Figures 2A and 2C;

Fig. 4 illustrates labeling of sample sperm with ester-linked fluorescent
reporter;

Figs. 5A-5C illustrate conditions of sample movement and distribution
during operation of the device in Fig. 1, at three different time points;

Fig. 6 shows a typical sperm-concentration function generated by the
device of Fig. 1 during an assay operation;

Fig. 7 is a flow diagram of operations carried out by the control unit in the
device of Fig. 1,
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is a flow diagram of operations carried out by the
wa@oeoknsd4eunit in the device of Fig. 1; 6 WO PCT/US2003/039069
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and 8B) plan views of mcrofluidics structures and
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microchannel has width and depth dimensions each between about 10-100
microns. The microchannel may be of any cross-sectioned geometry, such as
round or rectangular, and up to many cm in length.

“Labeling compound” refers to any compound that can bind to or
incorporate into sperm cells either on their surface or interior, with the result that
the sperm celis contains a detectable label, preferably a fluorescent label.

“Motility” refers to the capability of movement, and “sperm motility”
specifically to those properties of a sperm cell that allows movement through a
fluid medium. |

“Forward progression” refers to the capability of sperm to move in a linear
fashion.
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30 "Forward progression” refers to the capability of

spermto nove in a linear fashion. 7 WO 2004/053465
wWEFoDANSR60D3/ 039069 "Active spermt' refers to tPOBES2003/039069

spermcells which are both notile and forwardly

progressing. "Spermcount” refers to the nunber of

act i ampe.: el ls [ oy ; C .

S not Sy spRicrerefs €' B4k SoOFL Bels AR AIGH i€ and
foowardinpragressiigby 5 the vol une that count takes place

in. [ Sperm densi refers to the density of active

ty" . :
s per TSASEM GOUT Faidrs g dhe gHmber o6 ARk spRIM:Calkg dissripninated
il . - i tu .
oFEpu By TBId SEeclof It agBigadeitor o hflenvaton o
theoobepeitingt capnditakes pacgmeat er than  20x1 06 spe!r[)n
e SHRA . 4B BBl SR SRR Sooreoate
seteath eampld Bnd 98 areessure fa;fHw&feramp%@brdmymmltdoméla|th

the first enbodinent, illustrated with reference
Orgagizatipnzstandardof asfestilmsentnle pogsessing equaltodr greater than

446 Gl density of active spermin a senen
z@gpplgébgﬁéﬂe & g’?m‘ ned by sperm mgration rate and

nunber from a sanple-receiving reservoir through a
m cr of L ui di c channel of known |ength into a collection
B. IC8\here the accunul ation of spermover tine

: . _ ! " )
o pis eElion BeSERRYINETRAH) B ke of 93¢ rvBRon Nickrating the
dey;ine:; w_ﬁh rdferendte tmthﬁ@e gesenabemesdmerstpade thexfiest embodiment,

VT T R8s 080 525l B Pecon
T RIHIUE AoRTin oA SAREl SreCdcBlhieg Bl st o
mighatiomeate @pentenberchem gesamplegieseivingreiservoiettiamegh an a

B GRE R G R0 S8 SN g
ackahfulstor ef sesintieveraing & meBsiredC 8 detthderDoARNEM, described
with the Eresent i nvention, for measuring sperm

witfptaspecytq higs. f offvir agidr@empleysedpait eheptisal detestionve
oSS3F et 2 R 3EE oI it iy i et lBcung
ingdividuahspérine bs $hey migrate biohy the Bhansé|didtwben uipstrebmbdnd
dowsTemn Faservoird. Fnd Bhiet emBodiment ta Ilustraten Fis. Pand G012,
relies on time—dependent changes in electrical impedance in a microfluidics
setting to determine sperm motility and density of active sperm.

Fig. 1 illustrates a self-contained device 20 constructed in accordance with
the present invention, for measuring sperm motility in a forward direction and
density of active sperm in a semen. Shown in this first is an outer case 22 which
houses (i) internal microfiuidics structure within which sperm motility
characteristics will be determined, (ii) a detection system for detecting the
movement and/or accumulation of sperm within the microfluidics structure, and
(i) an electronics unit operatively connected to the detection system, for

determining sperm characteristics based on detected signals. The construction
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30 novenment and/or accunul ati on of spermw thin the
mcrofluidics structure, and (iii) an electronics

W@ eiol/0s33eF at i vel y connected to the detection SPGL/ER3003/039069
for determ ning spermcharacteristics based on
detected signals. The construction 8 WO 2004/ 053465

aﬁ@ﬁ?b@i@:@n%ﬂﬁg&ﬁQomgaﬁe%%lﬁtt)b@s&fssgp gfe?ci\l& onponent s

be di scussed seen I n t he case
22 dAsisgen im Figarfpithe castQ idefinep arsanmple4ecdiaing opening 24 that

of B RAES el i Fpils e R i bedaipratiicios
sy’B&erWl ihth&aedrecas Mfbe 'ﬁle?s@rlﬁefﬂ)mlsb%h@vﬁl%eé é@veﬂfe or sample-
anpl e 5 col |l ection holder 26 for collecting t

Cfé]e&@em spkier 28en collgdting, the tetakeiapuletechserpeanaiume, artbsample
pr‘(‘e#\éfétb%h bltrj\ﬂéetfe?nﬁ]% Wi Eg%n\gm 5&?“{@& I%(? éé)tiar {r%réhfg%not
shwmv)cthe rmndﬁunmrsmm@ﬁ vongraesé.gr, théy .3 kit Vm@n%t@éteﬁm#féd

for adewﬁ}%@ﬁée fertility. The cuvette may
Nefgssam b Standasds fradeguate male f?é'“'dkévﬁdﬂ@ cuvette may
bé Bﬁ*@étfyehééﬁSd HtH'd&eHr@“?z} QF r%gdéégéveﬁ for t?%?éfgﬁmg fluid from the

m crofluidics structure

heideli to tbﬁahlcmfmm’les spruetpiee it therdevisss er anaaddumnw gl
er vop of the tot ej acul at e

BB oids8! MY te kioVEisddp Oisin grsaalis verume of the total
ejatubty serfién R/Bﬁmﬁé’tar'lhnutﬁﬁ‘m?f' tRe %tbhsa%g%r o“ b ixg.lr@rof the total

solid chemicals. The cuvette to be | serte Into
S%’&Wﬁl%h@@@ﬂﬂ%@ akesiollidichegutaled the 15 aggregate

oot SRV I NEBHEATS Be BAMFPTARTYinG s setied the
awegmmmelmld@@mhey haQt abdttin abaﬁu@béﬁﬂbmﬁ@éﬁhe

hat is reang@Herforat ed by a sharpen access (such
ef!iEEe K089 fage of P@yett%&fﬁom gmallesgaammetay setwithin the bottom

f
fae@?ﬁ%tl %\r/\? aUé'?f oratron W?ﬁﬂ%ep nggg (%Icr} #%ggsgﬂﬁé% neecyile)
poFhia tharndttermafythlempféhlmg afihe bottomt fage fnay Be enddd BIRIHDBY or
CallLﬂ C n. The sanple hol der may be pre- | oaded
ée&m%'ogd«"ift%ﬂﬂﬁk@eemf he aa@n&m the sappe mayhe
dréWﬁhnt%Sthé fﬂuﬂ?@hg f%gﬁﬁé’ryadlﬁﬁﬂr THS %‘Sﬁ{dlé( ﬂoﬂe‘?%@ﬁbe pre-

Di gestive enz col'l agenase
|0@<éedjge©Datedf\lﬂth $¢Itcbami/ohlmumdachemicab cotrmby\ds csuch as a labeling

col AR BB R ETE oy ST B e
orH@@&ﬁﬁﬂQg_‘b’é%dé@j tol faEiftatd ihe Hé‘tbfél'p‘rdte% rYtﬂi‘: edkd&n of the

he cuvette also typical es a sperm
Ser%bwngler e%@@ntcal%suama%sodngnsmommnu fmwkmeemaakhieeadded

S R e S SR R
typicaliy |dclueleg@1$perrmhbem§ﬁeagent for labeling sperm with a detectable
reporter, such as a fluorescent reporter, as discussed below.

The sample holder may be either prefilled with liquid reagents, or these
may be supplied to the user in a separate fluid dispenser for addition to the
sample in the holder. The liquid reagents may include an iso-osmolar
(approximately 290 mOsm) solution of sugar and salt in water, consisting
primarily of but not limited to fructose, sodium chloride, calcium chloride,
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may be supplied to the user in a separate fluid

di spenser for addition to the 30 sanple in the hol der.
wabm4losged d reagents may i nclude an i so- osnol aPCT/US2003/039069

(approxi mately 290 mOsn) sol ution of sugar and salt in

water, consisting primarily of but not limted to

MBS R a5 B BB et Gk EFpoysTalbbioatgH by
HEPESSIufterimgl ori de, maintai ned at physiol ogi cal pH by
HEPES buffering. The pre-filled solution or solid
r eagER preTﬂHercbscwutl%pr fed cangeat i theihaldarimay contain a labeling
cHFRRN b 168 1 SRFILIR PR 0 TBd EeOIREIHATH o Bacing
regeaddiradrad tiog bradilated Eﬁmde&baherigbemgmnmmbumd Wilbise weakly

MRS 1B OB oA REGALS? BT EonGERty D gF Kyianturt yield, and
iGhiYFIBPESUt B Pl ik §tns BA Bithel becAlise b inbREaUge Of

inCreased concentration due to active accunul ati on,
cqneentratiom dueto @stiee aswraultaﬁlomtgartltwn dsesterase @ctivity, or

o5 B AR 858 o il g e

envronAsett ed into the device, a sharpened access port
is used to pierce the bottom of the aggregate sanple

hol depceie smpled@@%rg@tl@sqmm@ theedsise, hshrypaoed ascess
pckf sel?sﬁeé{ éoﬁ?rc@%ﬁ‘e‘é@étgm {nht'hg qre Z%mﬁ?ﬁo r and the

aggaregauet sampietthereby\gmmfadéessaa trbeflpndtpaildwayt\mtmﬂn the assay
eni mthere enter .the mcrofIU|d|

it ATewativaly fhE Seles e e SN 6 FRAGTLS ) hgiguvette
k
ka%murqé?hﬁete}fhé‘gpéﬁlﬁgv%%?@p g%‘?é‘mlerr]\g%w %gﬂfﬁlﬁfdlcﬂt?@cture,
e.di, 4yl digsolgng smaegnzymessdisssiviablet plag ws éollowing remeval afra/seal by
types of display information are discussed 20 bel ow
th@USeTr espect to Figs. 12A and 12B. Device 20 is
man %I@éts%b% in ithe ﬁg@l“eefs% 6|§9la9'mﬁ6bm for Gﬁsp?agﬁﬁ@ bsay

hand- hel d, osa device.” C. Device base '
respks ta tﬂ‘@tt@&ﬂn rwq exemplery types of display nfrmationsareatiscussed

odJ8% S EpEELR R 2 a2 FEo8 20 ARG L if &
prefertdtbembodimiertnas Wsnhall, heingrteig edispodaits devibe 2F,

there is shown at Fig. 2F, a mcrofluidics structure
30 fornmed of a bottom pI ate 32 (Flg 2A) bonded to an

in Figs.
tgg';n@{jrop shaped

ThIS sectlon describes components of a collectlon reservoir device

constructed in accordance with a first embodiment of the invention. With
reference to Figs. 2A-2F, there is shown at Fig. 2F, a microfluidics structure 30
formed of a bottom plate 32 (Fig. 2A) bonded to an aligned top plate 34 (Fig. 2C)
As seen best in Figs. 2A and 2B, bottom plate 32 includes a tear-drop shaped
recess 36 formed in its upper surface, at the upstream end region of the plate, a
central cylindrical reservoir recess 38, which will form part of a collection
reservoir in the structure, and a downstream recess 40. Also formed in the lower
plate is a circular alignment recess 42 used in aligning the lower and upper
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recess 36 fornmed in its upper surface, at the upstream
end region of the plate, a 30 central cylindrica

WO e®ensas3 recess 38, which will form part of BCT/US2003/039069
collection reservoir in the structure, and a
downstreamrecess 40. Also fornmed in the lower plate

Pl 4 Bl e R bR S ariEa v s Bh b6
optical eemiitontituctre 30, ashendedsdepget her, and a tab 44
used_in aligning an optical elenent on structure 30,

as ONsideringeaw t@ﬁgnaéwtm ofdap Piate 3dn 3ne weth ksfersnce to
F @9 FQ(F"Z@ & SdmpRIcliv r@éﬁé{gﬁg %qs ?c?mg'a %Stpﬁ%gs maend of the

e-T'ecel vi ng open € ups
plahed mfnlcmélu@cs)d:rwmel A8 foaned Irutlhél lowechldertélthdaléte hlasdwo

t he | d f th late h t
SePREFIR G088 hsearEenisan s D eam SR Bz B dioadrarg an
ugst@@nfeedReEES Bﬁ‘té %e&rgr%‘F F%"Er@&r FeRs 3N hhala y downstream

reservolr recess , stream segnen
se@m&rﬁd&@(tea@egsreeess 2 to dalomaistream dnain recess &k Racesses

s A Rieaing et B FoRahts 45 43, festiRivey, are
sr@WrﬁhMar\ge@Mtew ifrFiy. 22D. RBe6Ss50 bdrhipeshlangetniél @ fig. 2E)
viewin Fig. 2E) has the sane circul ar__di nensi ons as

hasdbersasme ciredasdineEmsions. aeraseanigsess 88 iatke bpermeplate, and

fotrﬂ? Fl'géélvtest/\)i;{n irngggr"é\%ggﬁ%gx{ﬁjgt?@dﬁ e,r %F%)}ﬁmn%ﬂ &%lé{:ﬁkgr{ é:s?rvow 60

(Fsgoaﬂhnm\mriucm@bbmdsﬁ@m witltaatibctofor detection cas disdubsadbelow. In
an exenpl ary enbodi nent, the coIIectlon reservojr

am%eraplayy eRtpodiReNt; the 9%"9&#0&59?%%/%6‘??5@ ayligdgcal ragius of
o o e o B BeP o tee T B RAA %6 phoduce »
krtdmxmﬂlumfcﬁetweea@socmand A mmnnel segnent 48b, is a
h t 5 E h f t
1 ol cRbsERu Rt rhbes s hchanGe satiieitiuis a sbanheg
de%tﬁtgrf @é%FlbOZE) WhichifOBCHBNLCER Mt Adw B mdtle %B@Frﬁ“d%%ﬁéﬂ@am of

reservoir. As noted above, the m crochannel
the deteuirs aetingtiienedy to Immﬁnmg\qvamempf matite speranbeyond the
regg&ﬁgnts 48a, 48b, have wi dth and depth di nensions
bet ween about 10-100 microns, preferably in the

r anggs AbtetCatioves, mmnch@haﬁnerruﬁcth@rmbodmenben@émaguhe two
cross-sectional geonetry, such as sem circular or 25

mickeshangel seamants 48 1505 bawe Mdiband dente symansions each
odiHach oBRR! 1100 VAicH Y, 8RR in BihankB 2985 ALICHS! Yrne

croc anne I mensi o ed 10 a
micndéHamnep aray be of anvenos s-selstional lyeoheetn) snok lasi sendirtircular or

reg ashtg[J aarmart1 uS?cV?”%ZEéF {:nmgllﬁ grtmdtﬁn Fu%ctlonally, the microchannel, and
in particularly, microchannel segment 48a, is dimensioned to allow motile sperm
to advance through the channel in an upstream to downstream direction, but
within a sufficiently confined space that the sperm have a very low probability of
reversing their direction of movement within the channel. As will be seen below,
the channel width and/or depth may accommodate sperm moving through the

channel side by side or may confine the sperm to single-file motion. In the
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within a sufficiently confined space that the sperm

have a very |ow probability of reversing their
waleooeosideh of novenent within the channel. As »iT/0S1963/039069

seen below, 30 the channel w dth and/or depth may

accommodat e sperm novi ng through the channel side by

fORINGE cas ' '
s e AL SIS ST i ppbiin s

MBS apAakiemicrpas; in dellatteptieteean S ands3@meicrons.

et 55 SR BhIER R (ol AR Mirasl aaecriliohs &7 Plates 254, and
fi cPh! #@ dssemBlae sfractame A t
;gglfﬁl% and from Fi s.r Zg%tﬁ%éﬁiﬂngllggﬂggﬁz%ﬂﬁﬁiogenlng

'%PPHICQ!""’BW'F&“P&M@'UFG@?S& B6rin te Iavermlaterte foim @
{
SABle FOTVRLIER 1, A BN L ol 50 Bl i
um’(ceam feab e @85 G0N thp sppet ;hllalteu oit cfamnar?ems][esrlccﬁsmmrom
ary transter o |

r %8 @per g%gb f or
GFF&% Jodege ms*fFOée refeﬁsmatq meﬁfpsmwé@ey@ere the
crfttd ré@g:éh%h@é‘ﬁﬁéroﬂﬁan%% ﬁ’!t% teﬁ?fytdﬁﬂhd |€é1' e&!orf fRervoir

m crochannel is interrupted by cy Iec
6(? eEEan) dhis resemoir, fuidis dnrawsn fremethecdawn fﬁlmrodhamelrtmvrto recess

54, b S8R bR X0 3y Steles i s draimsssarvoir

fochned iyIresesy a0 andfsparmy lv(v TRESRR] A eaeaugw.gée in

The fluid pathway just described in structure
stiuaburea3q ip typicabyfi Uﬁd with assuitabls quu:d mﬁdjumﬂeelgmtso@ng: salt

sdlét%r?r}‘l atflfhctyt 'and sf]é%fed Enﬂ’qgﬂ \%88 s%gndpié ¢ added to

lor to use. en sa

thdeievm thd1samplepinixesi witrs the prieldderRdaTLR Qﬁd\%dsédwlb%beuvmg
| e-receiving station. Spermcontained in

St@%‘ﬁblsggg%m GORANeGIn the sampiecandpewin the §a@pie:recelvmg station,
b2 uﬁkfgf\thﬁt}‘lbgfe?f Fh?&g*rﬁ)@t tHiis gféQBRUWt A?lni‘; tbé %%gggﬁf gRerm-

initratin e seril es erm m
migratiorf events ivehithawilkformrthe dmersrfon de@rmﬁﬂn@sgﬁtm Imdtilitypadd
e

d f d d d bel
S§hckforbresd oG afoie, HetRsedang | nj ecti on

fTD' Plagesod2, 1B mapbe fﬁBFn‘é‘étbé'usnr%r lﬁIe%%leﬂoIH r@'ﬁpp?;drlﬁﬂér

pol ymer such as pol ypropyl ene, “pol ycar bonat
m@teﬁ@} p@@ﬁeira;tdwt:yanspambackymermbprasrpawpropyiemekpomynammnate
ed featur

o S BBV RS e e
arﬁwtébleanbmi@’dl featuré PR&MREGCPPPI ;ﬂatets%aybe%rrﬁed by well-

variety of suitable 25 materials, such as silicon

Kngwaissu &f@afﬁpﬂcatmr‘a@ﬁﬂ@dsapnbeﬁé@ apy|of @evariety of suitable
ABHER! 3,888 5, 4085 PR LbeRYol P dBuiike 1Bl tater
approachs due chantels awdy laa/ﬂtédeyoyf lreesabiatibh or cheRlical eeshihd
Channels of the size proposed can be achieved by focusing the laser used in
ablation or by using microlithography to mask the substrate before etching.

Each plate has typical width, length, and thickness dimensions of between 0.5 to
2cm, 2-4 cm, and 1-2 mm. Total thickness of the assembled structure is
typically 2-3.5 mm. Recess thickness dimensions, other than for recess 52, are
typically 25 to 100 microns.
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abl ation or by using mcrolithography to mask the

substrate before etching. Each plate has typical
wowaiiosssbengt h, and thickness di mensi ons of beP@EER2003/839069

to 30 2 cm 2-4 cm and 1-2 nm Total thickness of

the assenbled structure is typically 2-3.5 mm Recess

: ;:m tf;lfﬁ@ g?ﬂ?@% S‘fﬂrﬁ%@%@d%%ﬂ%%@?ﬁﬁ%ﬂtg\éﬂh 8hé& another,

arlé(ﬂ'drldﬁﬂ(b}&cﬂﬁmanal'l'methods plgataremiocalys dextroxtativally, or

aced into, ali h one_anot her, are bonded by
th Q}fﬂ‘}bﬁ’ﬁ Sl prgs W@d usgnéon divgéni cal 1y,

el eopitAThfrbREd {d/ FWB ?Htgiﬁ c@eﬁﬁucﬁgg ﬁl%?ﬁHuﬁted on a plate

(fusion bondi ng) erence to
B4rissichiasia arln’@dsmmwdtbsnaed 3ghick almsu;mﬂartsn(l)aa bgm@mtﬁmg diode

ok B BB . B bl T oSt siRonte puateril n

thecolletion :fé%eﬂfouemcéthﬁ:lur@@d 'aqi‘élr 6Péptfc'a|iééfé‘é:f&§t 68 Wbﬁerable
material in the collection reservoir in structure 30,

tOéieé%Ftngm egyssienfrogethecsample neaeriabindbe resgrvoirt and a umtary
oéiﬁ:%?&ésdn&&b%z%&ﬁ' r%[lf?met &ﬁlcgfg%lﬂ% f% géém%ghgﬁow, for

reservol r, “and a unitary ass

dnrmlnglelxtltatim and ennssieh Ggmaesaﬁomahé LB H R @avectons,
' ting excitation and em ssion |ight waves from

10 dj ch
reRECIMEY-t 0 the detectors, respectively. Detection of

h

thtmgb%{é@%#%%g'm or p‘ﬁ‘tr o |éba?ﬁ'?'éﬂ et ectorphoﬁ%'g%e
C@beor ntbwpesphd-\state mltecablr éThém/areanémnsnte melialse peagea fast
f and avai l ab Ia@\M de ra g &t?p

Beediisernd avBisug 118 il Mngt ol 'ssa sensjtivityprpies
arky SPERXAR TxeRbl éﬁmﬂy wb'mphstld@v D o%di%ﬁlﬁ“liﬁ)féoyal

ight primarily | ue wavel engt
wmplmemtﬁ |lgébt@ﬁmaaﬂ)ylrﬁhethb@%mebngﬂsamrﬂm-%o nm. An

BN Aot Bl B s O ol aibaionR sTRRieE by Gantanis.,

st r eiddars b ppreviated o Figs! DA S9d RTOte Bptiddl@ssembly
m crofluidics structure, and is 20 aligned therewith

stigddiesdhe capter "rebALl’ poriens-ofithe migtaflidice steuettre, and is

allpﬁgg %rbgvllthw & %Ei‘l‘étﬂ zr?eeargl? %Ighﬁ@% 8%8%@{'%@3& and tab 44 in
stusture |3;®g 'B'he)okncﬂ edm?emted fwthqr:aﬂuigaed@g ﬂbt@dﬁftab%/w?rmgltatlon
n n be understoo
W'&f%ﬁ‘?c@”t'a‘sgeab?? Gﬁ"lﬁde‘? Eﬁggﬂgr g?l on i ﬁ (i )S
di r eggl \F&l(ﬁS'd;ﬁ?&él BiefBnks th%s%ﬁ@lfegﬁ ‘Bgo&ﬁe%gbﬁd flom a

phot odet ector '68, to provide a reference
desatiptian oftheirapiecatieruingy) ditgicting al light beamyfsdm(the)LED source

on{tchoéHS’tioﬁ%teac?oreé%?,'tg %trb\(/]lge IaI r%?etrerqgg ParfﬂECBnliéﬂtein{'e%%itlyQitn%icated by
black light rays) (ii) focusing an excitation light beam from the LED into the
collection reservoir of the microfluidics structure (indicated by black light rays in
Fig. 3), and (iii) directing emitted light from the collection reservoir onto
photodetector 70, for measuring the level of fluorescence in the reservoir
(indicated by gray light rays). ‘

As seen in Fig. 3, divergent light rays from LED 68 are reflected from
curved reflecting surface 71 and focused onto detector 71. The light intensity
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collection reservoir of the mcrofluidics structure
(indicated by black light rays in Fig. 3), and (iii)
waleooeosi4ey emtted light fromthe coll ection rESEUS™ING039069
onto photodetector 70, for nmeasuring the |evel of
fluorescence in the reservoir 30 (indlcated by gray

j r ). [ i_ght
s A BoRE R e ST 8! 8 o v
intansitpoecaslrad ait tHeteckerd’ Oresaltichgtfrorh ﬂuoﬂésceﬂibe dnhigéibn induced

| ptensity 13 VO 2004/ 083465 PCT/ (S2003/ 039069
b)fr&ﬁs'g?'é ﬁYe@ﬁPEr%Y& ferm dhe LED ReRIse dirgrtes: thfeuahemconverging

lehs @¥méM BN é{umﬁglaaﬂdh‘t's 5 quﬂggérallbm ShEYndiBARH" Sthese

at detector 70 resulting Prom oresce é em ssion
rayaduie eefleatsd from & HDht-Bhglerrgliedtingasusfdaeo, tane thEDeflected beam

SR AGOAR S SR ef 5 S apRar! § 5 ShSEPS i covio
Filtee76 & @kigrié® &Prémd @ Powafréquictid nerf&pfoduced by the LED,
right-angle reflecting surface 74, and the refl ected

e.geandl and gsaes sampenentthat Alegikahntoshave everlapswith fluorescence

oY ALl B 58 018, L AR Bt fler o

refleciédc fiterby lightislidw refectied froeda aptvergRRy refieseg editace 80
that are likely to have overlap with fluorescence

whigh Seras t\ﬂef%w%m redlectaddight ite coliertion reserair G0 in the
mr&&kﬂa@s REFLRRAEPERS ik gn%ﬁ)? of émﬁtaﬁgn q'gf‘ngﬁbgﬁaﬁc@%tﬁ%&%" is

I'S now reflecte conver
fustbelf echkard@d ha ceflemtowaz pbaubnedlbetdmetheerblsemwdom plte 64.
i nto, col | ctlon r.e rofI i dics

60 int
11 oA e BE Arprediater e s ra dieaime  Flcg theabaie-
dés%ﬁBbé o?ﬁé&rﬁéﬂhé of the &xHitalih Ilgﬁmlﬁ@s e ﬁg%terféyiscéi&{agnthe
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détbeteddram ephissienta d)’t’é ihat afe shisstastidlyGrthodonafid Bie éxitation
the figure. In order to mnimze overlap between

ra&%cthﬁtatsl 2 gHBistantialyclonzagtal difection istherfigureniTdis emitted light
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mttedl éOIS ei t her @sed di rectly through
el e, ERUISSHIGIHTesBS0nE gioptent 61 colieion fiom a

cUrie & rteR iR quﬁég@tsﬁ,efr@“t Fé) o &4 oBIchtgér Vogl%.r}eﬁgn&ﬂ 99, and

opposite s |on r
thraugihta hhwpastSefdter Bﬂm:oaltained]tn afiltersinsert I94c t Bk filtemis @ low-pass
curved r fromthere to an

Mg e EG0ed 1o, Fempus 1gh (e iamoies Abva BB R anae mpission
wé\)élér‘ﬁqthg%eﬁ%ge@itlﬂ @Gxchaffor] fré§@ndidsRbin 18- LI.=r-|_[5‘e Ohé béferred

i's OW- pass ilter designed to renove
filter iso@1 8R81549 nm dandpraas filker eHuefikered sinission beam is reflected

from right-angle reflecting surface 102, and focused on passing through
converging lens element 104 onto detector 70, which then measures intensity of
fluorescence emission from sample material in the collection reservoir.

The optical assembly in optical element is formed as a single molded
plastic piece, such as molded polyether-sulfone, polycarbonate, or acrylic, or
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ch%e'f‘%?gﬁée’bdi%gﬂﬂl% s%%ﬁ&é“léb‘éhhgt ent er}ﬁeﬁ'ibd%taeﬁworescent

character
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a cl eavabl e ester group ( can

prefeseeddibqieseaent mejeeulehs La@legin eater aadd by Molecular Beabes.

nyart §eites e 4PeS 3R tolRBuB G BREGPn BRI Cen

pregb@mdrelyiin ahalrepargediMopst ahd Eedrichy cif hﬁ?ﬂdt@feé&@hﬁﬁ) and
20 As |nd| cated in the f|?ure t he nol ecul e when

ous §f Ehe eelbacress sembs nQAcenside the calishtheyewlecieds
S B Ay 5 QR B B 8 e e

leavihg anl arid groupLtbiaeekistsoargaly fri @ megativdly charged form at the
YGRS Rt 106 B0 PrbFRRLTENS SRR gargierably 1 the il
pref8ainertlof celi@r AR ol 19BN RY pdhtd of preferably of at least 5-15 minutes
at room temperature. The pretreated sample material added to the microfluidics
structure of the device thus includes a suspension of sperm with internalized
fluorescent label, and extracellular label in largely uncleaved form.

~ In another general embodiment, the sperm are detected by light scattering
or absorption of light, rather than by fluorescence from a light source, e.g., an

LED. For example, the sperm may be labeled with a colored or UV absorbing
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25 intracellular pH The | abeling procedure is carried
out preferably in the initial pretreatnent of cells,
wo@y@n/05846mbel i ng period of preferably of at | eBSt/US2005039069
mnutes at roomtenperature. The pretreated sanple
material added to the mcrofl uidics structure of the
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d&%ét%%% gﬁﬁ o??@éd’ Rdess B6C i J:r%@ﬁaﬁﬁ% Fridnt 48h) Bglgﬁgtion
e uc roninlrg

rvolrr causes ar
resem&lemtarﬁhmcpdmtanuhet segment 48‘:!3 Whemnpretreafedsgernen sample is

firfnirpyded A0 83%'9%5 e '@%Lﬁ%@igﬁﬁm%'ﬂ%me sqmple
qui éﬂfdl%lﬁ?th@ %Gcorﬁglﬂ\é’dtlﬁ‘fh %r'hBl nf?ﬁ%@ Rling station.

portions O ICS structure
Trwjumsmicemhamel ségmenmaaao@smttﬁoy fmemfmiydab@ledmﬂm

SHEBHpr04 85 bt & d oat uBesafiomobls pevaie oying sperm
cellstfinadHeRr vdyThtd éﬁ@lr{éﬂa\f,égﬁenﬁ%é 'éﬂﬁ bedin rﬁ@ﬁatlr@o%'t &%higration

spermcells’in the sanple 15 quickly distribute
ratehdependart enfthaiayeeage mokky of Qﬁ@"%éwa@iﬁ%eélwf @ As

iR, 5Eage FGlac ool EpRRIREH e REERBLlrSddh shinnel segment

48\ théy/begihitomccamiilate & régenoit 60 leadiigitben increase in the
forward-npving sperm cells find their way into

fluoresreacesiginl ireamied ihihey@§eH IR grating, at a
m grﬁ{% ?Bovc{ %IPn‘ﬁ&%ﬁBﬁ’ e0EnfN gé?ﬁﬁ?é%éa@ﬁ ﬁqbtrééééche Jetection

reservolr
wufh)n \tioe ubsergmuabvergt:me lare ptotegl intFég.téeAt timeut-0emetiBuredy h
48a, the

channel se b n . to accunul ate
TURESERTIGR 1S B SO AN BEHTa [Ryeb 20 Toae 20 Up tl fime t,
whérl RIBRREFBAR frsOPdin 16 ASatHfel rBsérhv%lrr ist g% Bnd Fiére labeled

above cell-mgration events, as manifeste n
cells begirstocacaumidatecinitbe reservoir, the total measured fluorescence begin
to rise, in this figure, showing a linear rise over time past t;.with a slope of
change in fluorescence/given time period. By extrapolating the slope back to a
zero-slope time, (1), the time t4 required for migration of sperm cells through
channel segment 48b can be determined.

The electronic components of the device include a microprocessor and
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within the reservoir over tine are plotted in Fig. 6.

At time t=0, neasured 25 fluorescence is at sone |ow,
whaomkgsaehd | evel, and remains so up till ti mePCLPS2003/039069
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manu thro swtch or connecting a sensor
to aOptmal detequbngs sontirgted fer a/rpreheh tane m/whmmgsﬂdnr@ enough to
he protective cover is.

t d the. .
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processor anal yzes the fluorescence curve to
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I cate urve
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B sBSh e AR vttt o i3 o b e
difeR868 Moving cells within the channel can be calculated (rate = distance/time
t1). The calculated velocity, or a qualitative indicator of sperm mobility, is
displayed to the user at 126.

To determine density of motile sperm, the slope of the time-dependent
curve determined at 118 and 120, is compared at 128 with each of a plurality of
known slopes, each representing time-dependent fluorescence measurement
taken under identical conditions with different known sperm samples, stored at
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48a (ti-to) and an average velocity of notile sperm
are determned at 122, 124, respectively. That is;

wo ewansiaes known average time of travel, and thECROSN3/039069

25 length of channel segment 48a, the rate of
mgration of notile cells in a forward direction
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made, at 132, the density of notile spermin the
Ds dimplice basexbon spesd detestiontatomeatmitrdchannek, and
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C@gﬁ@ﬁﬁeﬂa@%arta measurecdbya pai af optioalaletattoes pesitionmat spaced
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witthvespacoto Figd 1Wivhidh mmmtndl lhszﬁgGI’eéﬁJﬁ& wmmon to all
characteristics are neasured by a pair of ogwlaca

there eelpeﬂgn%§|qf|ﬂ@¢mvgntlgr¢a%gd4 widightllustredes Buoreseencenlabeling

oﬁgg%{rrﬁ%i&u ér‘f&/v:fc E?q%g glé\é%{,( i\?h Q:E\ﬂ'l tfs?rfltec‘ \rll\jnl: oﬂﬁ #@é\ﬁgnﬁ@ and

opmcaésemd;m@ commeﬁ@b%e%nmdment * |@| 9, shfdwf@g a flow diagram

of 15 GLactiric ! copeued AT INTE carmie o o Meyaavien AndsFig. 12
wﬁ@ﬁ%sﬁ‘a@és tvﬁﬁe}?’&ng‘@?& tsﬂult H%?Hﬁttﬁaf‘%r‘ér &{rjnh‘l'o {6 all three
Sensi ng S o

channel and optic onen
erobodidiemésit, Fig. 9, showing a flow diagram of the
h
Sleslcl%:lrgg néﬁ lg%g {rate a por‘:iL | %Oc{f 'atmlrgrg J|5|cg%truchre)ﬁ4t0 in the
second-embodiment dewce. Shown here are a sample-receiving reservoir 142,

and an portion of a microchannel 144 whose upstream end is in fluid
communication with reservoir 142. The opposite end of the microchannel
communicates with an end reservoir, which acts to prevent already counted
sperm cells from returning through the detection channel. Several geometries
can be used to generate a functionally infinite end reservoir for the collection of
sperm cells that have already passed through the detection channel.

18



10

15

20

25

30

which illustrates two exenpl ary out put displays that

are common to all three enbodinents. 25 Figs. 8A and
w@Bolobdei rate a portion of a mcrofluidics stpCuszes/039069

140 in the second-enbodi nent device. Shown here are a

sanpl e-receiving reservoir 142, and an portion of a
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wnstreeam direction.
dexied 20 alboye baridvarnoperaticely cB'napT:teeldoa mmnapmteslsor (not shown)
itions along the. m croch e re two optica )
fOEﬁf BUSTORTPEySPergiVENBN ol e LBRsnwWhRBIARASRGV:Rrosedyre is
inltialdd, abRUiiFRcefitd aRd g@ssmwgdé@ﬁt%%@ﬁ 48 generate the

phot odet ect or, such as photodetector 15
desiredspeirmenotility laedl spesmadensith infodeation. oBsthathe lightisbarce and

Ry BE nchEboiibe it WY b8 eBiash pebiAShBLpg seen
bélow, tHe) sighalrfm aCsiagieldeledtor Rl s tof couhe sp&ias pa¥kifg tAfdugh
assay procedure is initiated, and (ii) receiving and

thercbeBsst nbvp Hehlowriireedstedoigprirsare: pia_g%e@ca?éhemi_croﬂuidic
B! ] (7 BE G oo 5 BoLE1H s Rs me o

flightoavep @ fileglddistahoet he same integrated part. As wll be

seenT15 bel ow, the signal froma single detector is
used RS SABRIR SRy} iR thadguRes tshrepgred ahabeyaniampleawo

PrepaRHEfYY f et Moy el el RicReierBe HieliPan
suspepsionaficets irean istdosmdizalsokpionniThet pretreafed $dmpletis
S b G e R B S o e 5 o
thRSWRIH Rtk SchaRMel ACArl it Ghle =0V Gi§S S aRd siPRidré€ent the

and suspension of cells in an iso-osnolar sol ution.
positonsraftspesmda theamitrochannel at two closely related times ty, and ty.q

over which a sperm, e.g., sperm 158a, has traveled from one detector zone to
the other.

Fig. 8C shows fluorescent signal traces for cells sy, s2, and s3, migrating
through channel 144, and taken at the two detection zones at times t;, and t5,
corresponding to the cell positions shown in Figs. 8A and 8B, respectively. In
operation, the device processor counts each peak measured at each detector,
and assigns that peak a successive new cell number N. Thus, for example, if cell
158a is assigned cell number N detected by detector 150, the same cell should
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i ntroduced into the device, as above, with initiation

of sperm novenent into the through the m crochannel
wa@tooansi4ed tial tinme t=0. Figs. 8A and 8B repr eBenus10h&039069

positions of spermin the mcrochannel at two closely

related tinmes t1, and t1+d 25 over which a sperm
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frame of which shows at 166, the fluorescent 5 signal

wigtnredige geraterheight ebthediyssesnenge peaks Waarethe migochannel
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gra on of spermt ugh crochannel
fashiohethesmitgbprocessor may y:onmccbrwerimenamgnalaaﬁalms capabmty

w dt h of the m crochannel e an
fop{i) deteamining §omypesk RSP width ARG Aumber B F%"ﬁaa%@r'h@tmg toa
peak, AHATIPaSOr il 086 edtin Honlot?s FE8E i v+ Edresponding
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conventi onal sign anal ysis capability for (i

Ficedt terram arfectop mgmiﬂdromu epaty detector tindicatedoatr 1657, 16@1 Aee
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noted above, where multlple cells pass through a detection zone at any one time,
the greater peak height and/or width is recorded as an appropriate number of
cells.

A running count of all sperm passing each detector during the
measurement time (N) is kept, at 174, providing the basis of density of active
sperm in a sample, based on a total number count/time in the microchannel. As
above, the actual density of active sperm may be determined by comparing the

actual cells/time detected in the sample with each of a plurality of standard
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order to determ ne the tines at which the signal

magni t ude corresponds to passage of a sperm (events).
w(ab@gesshres are stored for each detector. ForPCT/US2003/039069

exanple, the tinme at which the nth sperm passes first

and second detector would be denoted Tnl, Tn2.

: [ ' I

coSRREPhLHERYs o@RrAet Bembr 3 frahlF BRRRAGhrples

det dndividuat spermatel@oity tsntbeni omiz;ulatel:l bydtakingehe mﬁ‘&étence

DefABRIG AVEb (e ok adikei AGoIED Bh oo RPESIRR Ag bdring this
vaﬁi’&By #d gistceBEtivaen the defa%wrs;rﬁ;& dééé&%t 4BY. iNany

at 174, providing the basis nsity of actlve
lﬂ@@l®§b$mrnhvalosmaplaee aperagedda calauatelthe avbrage sperm velocity

(VGRS BBnil SIBBEFARIO Blocs or R Vo) Safifiathgector

astiRgicattat 821 8Z eThé chiitratios faabresan Be idetersndd Bg débendently
each of a plurality of standard 20 WO 2004/ 05346

MERSYNNGRNEI MBS, aaéltm%n diviging, (i e gndé(nle re @aem@iary
faR, S ALY [P (AR AR Bhorted abpig o

detvive t2.f f erence bet ween the arrival tinmes of a gi ven
sperpm at the two detectors and dividing this wvalu

t he AiNOUgRCBE peesant emipdimenttas pPairef Snagrd apad %&tectors for
de’t@&rng:%ﬁfat o tﬂ%ﬂéa%@gg%e z 6@?;9‘&%% brit?sit @[J ?245@%‘&%‘?% that
thel deslcey:qwad eesadilydbieadodisied e nmrasdeperfm Melodijty byamnsingle LED

| i.brat [ t t,182. T . :
arcEiqtBrt pal WREIYelal isaPees PR cs TR AL peAti vty
measuri ng spermdensity, and then dividing it by N and

Vn. Two exerrpl ary d| spl_ays of th devi ce are shovvn in

[ T T A

withi a third setpRriaventionh Whldﬁt?ermtmmnlity apel ity ehatfderistics
that the device could readi | be nodified to neasure

arg reapured Byichanges in @ﬁnglp@daage agrssqutvwidtioa pigrechannel, as
sef o e TRARNEE TR o8 bYRENL S B R Butar it

respent da e 1rm§m%h slmms extEnnasl rmxs:jng)ﬁeadﬂes rcghmon to all ;hree
onponent s evice constructed in accordance wth a
eSO SHOSIRVAIENORIG. 1R WG Hlusakes #bexPmplanichante
erfRIEI S BONRRHNGTHI68 oot PR 1Aty SRS L, in
simplified form, circuit components in the system, and a typical impedance curve

obtained during the course of an assay, and Fig. 12, which illustrates two
exemplary output displays that are common to all three embodiments.

Fig. 10 illustrates a portion of a microfluidics structure 186 in the third-
embodiment device. Shown here are a sample-receiving reservoir 188, a
collection reservoir 192 and a microchannel segment 190 extending there
between. Structure 186 may have substantially the same structure as structure
30 described in Section C, and the same manufacture.

A pair of electrodes 194, 196 located within reservoirs 188, 192,
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20 spermm grate through the channel. The device is
illustrated in particular wwth respect to Fig. 1,
wokioghsEhdOWs ext ernal housi ng features comopn POT/EE1003/039069
three enbodi ments of the invention, Fig. 10 which
illustrates an exenplary channel and el ectrode
reggﬁ%gts ; M?%Hn? pﬁhrbftah(ﬁqc%ﬁ\{ %tqulrﬁpn@ glngeg@lz g %gﬁgﬁ@gﬁﬁ 198,

aridhidesiuid bmhvfé}dlnahémbﬂﬂlbldlmﬁﬁWO% between&ﬁeQWbaalétﬂ:bdes
during the course of an ass% and Fig

il lﬁﬁ $eenin Figo118x %ﬁfoamsrpﬂrhyfsa pﬂawt 39@ in the
defviE At FrR: Fids DA Lﬁﬁﬂ ‘%bﬁﬁfét 204 Fﬂrga ﬁ(élgg :ahév%l'iéetégﬁri‘aeﬁé@ncy

portion o a mcro ui dics structur
A(é vbiidgerantossdhe etecti@umsne.gerat aasalecteddrgguency betwéeergabout 0

are S R Aes Vol Brist 20R0e e Tty ollpdRo 8BS SCHbahaangiven
fre'iH UC%U"I"?]e]éiéctﬁBéﬂ |Hﬁ>‘é@aﬁéé’$draé‘§ivéh|fbéddéﬁ Sgi’sm"r‘leasured across

ure as structure 30 descCribed In ction C
the iptecirpdes A AR, The paalrcammpeneant of ueelectical m%edance at

= SRR DL kBRI e OB TPion, S arnE i e CofcBiton

resemvolti tUridericertair coieditions, eheepddl Z¢HIwilkkavé attingd cumetnke that
198, and the fluid athvva in the mcrofluidic

showniifiBe! HarvwBei® RdNeasIrbd ippedaeas remaios &b a substaptially

t f
cohfant fEsciMB Ve HohHfifblizE Tnfiof=0 B1a il Shén Sidhn Bt
begirmti egtea theeteli=gatidn fchamben fnom theAGiorothagel, aandnm itipedance
el ectr odes, at a sel e ted frequenc betq
cubyR (RcreRsasvith Rptne THRASUISY SIaRR:2% SPSTD SREuBHIate & the
re¥ vbitd Q'Heﬁn{d&‘iaﬁbé%‘f' rﬁe ngeﬂnifr &51)1 Ofgérmg%caﬁﬂéd through

ectrical |npedance or a given uenc
thecunsetut rangeeokirequernsies; yﬁddmg :nc@ﬂe!(lhﬁdrnr(atupn tq frepravalthe

refalien e feasDgbrey Ao dhel ERTBEHENE: cofl K€ Bempasured

byl Usihdpa vetahe Foufde Afd BATRIMetdr. Under certain _
conditions, the real Z(f) wll have a tinme curve |like

t hatTheslmﬂdamquugve itiwill beniesognized, shewsithsdsame behavior as

1 BB PSR e sPAOR Ry, RS G gL n e
delvidesih subsgintiallp tiensametway toofitleciverages bpsipe mdtilignard density
m ¢crochannel, and the inpedance curve increases wth

of S6H¥e SRAEH UPaTtSPiar slhiedPIEFORTAERSAANICANEAINY 213@é Of npedance
cu"r\?ésef”oY%Eé TEE?n 1€ ﬁﬂ@%mﬂf%ér{éﬂxgﬁﬁgég% Euﬁfé%gtc{r\ﬁwg, to

peri1 odi anne roug range

deteragjoe racbm-f it Wieakith wajuenTeva eiemplary drsptaysofplnemievmbeare
reliahilit nmeasur e that t

ShORSUATieS 124 0 100058 G Ra Shpvalor UBrIEs T2 vol t age

source and an anmmeter.

F. Operation of the Device

This section describes the operation of the device in carrying out a semen-
sample analysis, in accordance with the method of the invention, to determine
sperm count and motility of a sample. |

In a typical sample assay method:

1. Total ejaculate will be collected in a sample collection vial and the
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The i npedance curve, it will be recognized, shows the
sane behavior as 20 the fluorescence curve in Fig. 6,
w@ea4i0534pF ocessed by the m croprocessor in thePCTIEs1008039069
in substantially the sanme way to yield average sperm
notility and density of active sperm In particular,

vaigfie Bofifed AEREE! RV SaRilf Lo thal BRIRLe: o cur ve
mat chi Pigherithe glad@atetitglindérasita separdfncoritdineait. a dimller
exenpl ary displays of the device are 25 shown in Figs.

volume £ dlilgtes| valema s semrsumiisslwith sihefaliegucals, compounds, or
sHREISIS Aoy i ESeE- e el S8R Ty fserion o
the aapipde hokdey $8 cked irto plactawhen Wiis snapeeddbwadnieftheliveell, the

S pRieh 26 3o e e MceRg porpebelas e
SR8 e S B8 1) ATRRSHBR i cess o e
serugrusamplenpne demeai sastple flewstidiosa dndimadirfgoresertaer or comes
ol el R USA NP R) BB st

saniple TBURS bé pBBFed Tt the/ddripletddfiectidieWen after tHeOMRIE8EnNel is
or solvents is placed into the sanpl e-receiving well

unseatade Initha st twihembedinentsdeseriped wamplgpiretreaiment ingudes

o 8 B T Yl A58 B iy osimen,

no$amnpleradeliririsseqpieed. perforates the bottom of the
sanmpl e_hol der_ gi legﬁcthe i nternal device fluid channel

d
accebslf the PiRSiISd hichchanng! i kept separaln fiomaidsy 9asiiag
rob BB SE R ) BOnE BRI 08 o BBk Uiy TR it

cont
inthbdlectioatofliglid sarmpletinkathedei€rveanAlercativell, lzeseal is rrmoved at

toiebOsm Jimpanble o PRdTH e sl sl @by, a
sanpTBhBs (g8 baALIRE to bRsdsEHRR mic?&ﬁlidileg cbﬁ@n?lﬁiﬂ?ﬁg%ple fluid.

spermwi th a fluorescence reporter.
enballi Aey of thenabavengvants tatibring the seeype mdd codtact withitbe

i.l.l ed, flui,d.channe). is kept separate from a .dr
miRtdilidieS Sabb it drGaas Wlimi b eBham SR IhE delRmnith Sets 2
tinkar terted SindiRaffg ithié tishel & viiith ispeefl cahtfiist bayin @l eater @nd

of liquid sanpl'e into the reservoir. Aternatively, a
migsafie Within éhe pueroghanne] ipifipodeviede sanple to the fluid

s R ek B hoa eI g
retordediy @ fldaresktence emission measurement in the collection reservoir in
the first embodiment, (ii) measurement of speed and density of individual labeled
sperm migration events along the microchannel in the second embodiment, and
(iif) measurement of a change in impedance across the microchannel, in the third
embodiment.

6. Calculation of WHO criteria is carried out done using a microprocessor,
the computer logic of which is shown for the three embodiments in Figs. 7, 9, and
11.
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4. Any of the above events that bring the sanple into
contact with the 20 mcrofluidics channel triggers a

wa 2avi/mEg4eechani smin the device which sets a RITES2003039069
t=0, indicating the tinme at which spermcan first
begin to enter and mgrate within the m crochannel in

i croc ko Fesdiie, SR EREHRHE 1 ot GrREi BB addlfative

fofrhE0 661 88 GhoMM IAFigN 2 asrUn eivhote quarﬁthatnk‘e)fdrma‘t iquth as
reservoir in 25 the first enmbodi nent,

ilygteated enkie 18b. dpbeth hewregcihe display w"fm\v |CQU§§PP%<F>“91%@!SP|3Y
e A G A A

indicatenpettienuser agithes €ohtivuartacwait fanthelassay to be dompleted, and,
enbodi t, 6, Calculation, of (lLa.is. carrie
O CRIBHIENGs 5 a B o 3 Bies O5 ke @E?ri b IndeiAns based on
[ [
mlé?%ér.%d%fpe\é\? rgégt O,ttf» f@a%g@sf 6f%04 g SO Swé@faﬂo%ra fook up
ta@lemfmmmgomtmtx/ arthaensityvalugs teraastifythesample sperm
. {Qhe us&rr]1 ei tther t sinple qualitative format, such
INPORG BIESH P §2 e_nggesor in a nore quantitative
for nAtthe PALTE RRaildd digplalyan €4g. 1128 iadtual percdritag® bhmotile
figures, the display w ndow corresponds to displa
spermd srlathee tonnenmeal devels candhactyalsper forgardimoyament rates,
r 12A 5 indicate to the user,
re%t?ﬁéc‘?%ghrﬁ?l I%@él% %e\@%ﬂfor the assay to be conpl eted,

and, Alttough the fptegjoirth ingehtien has beek elb;crf toesd irl @etam by way of
“likely inpfertile" indicatign, based measu

lassistiomasnd STAMPIs far BURSSES OB Blasbr SandSFsiaRangS il e readily
aRBAAE I B0ks SN TR Rind BRYA IAESTTMETEALARY: BFihis

Sity va uesto assi e safpl e sperm
mmént(dmetisaet tenainathagges and mMddificatiams may becmade Ithreteto without
di s in F| 12B act erce e. of

d oty b1 S SeoPRi T Jop ot d5ies. i parsBpiar, it wil be

ret8§ M‘@é@' tHBR\GHE e mbadiffents EBhSikiee with tAe'TEins! &é@oﬁtéﬁﬁlated
gi ven. Although the foregoing invention has been

asierscdifferemnt specific @mbasimeats within ielach of the thyae aisrlosed general

for purposes of clarity of understanding, it
erﬁﬁ%ﬂﬁ? Teadily 15 apparent to those of ordinary

ski | Forigkanfle 3k mdybé desitalé td Ravé ﬁﬂmgolégmd@behdim fluid filled
i nvention that certain changes and nodifications -

dejectiprdinesriginating tremthe S@Eﬂﬁﬁf@mﬁg SEMMe t H'évos?f mpte ﬁ'r"d filled
BB, by OB AR B ek b Sihein Hsehdt
Intiepernderit mﬁemementmhw tvple allow arbitrarily high precision of the
sperm cell counting and motility characterization, as each independent measure
contributes to the accuracy of the total measurement.

As another example, as modifications on the second embodiment, various
electronic or electromagnetic detection systems can be employed to detect the
passage of individual sperm along a microchannel, e.g., based on a change in
capacitance in a channel portion containing a sperm cell, or based on magnetic

effects produced by metal-labeled sperm.
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as are different specific enbodi nents within each of

nbodi nent. For

wexaapsres it may be desirable to have nul ti pl ePCT/US2003/039069
i ndependent, fluid filled detection |ines originating

Two or nore fluid filled

Wﬂmnfse Old.gi nate in many geonetries fromthe

m—ﬂh@'ﬂj@@r@ei r I ndependent neasurenents of this

type allow arbitrarily high precision of the 25 sperm

the three discl osed general

fromthe sane senen sanpl e.

cel | countln and notility

20 e

char ac

terization,

as, eac

i ndeb alsassayingdsRebmodlityip atfﬁ@fvar&c@r%régm@nd density
t |
of vt ?Eah'ﬁé%%n“%tfﬁ%@@con%ﬂéﬂﬂﬁéi ment, various

eI ec(#\r) placingthecsampleon@gsahple rdsemoiri on systens can be

o e S s RS P SRS i o

arfcPRIBAG eARfPodHarmet R RBhfIRES fHe%bé‘rﬁﬂ‘baénﬁgIBanﬁéc‘ﬁBﬁ Midvement
ef fects produced

within dhe charnel dowanst andogansingamoenlleotiga ezgion, and

css A5 R TABPR 8 reiE miofaterfd e Pt e

midedtHdnnel.of active spermin a senmen sanple conprising
5 (A) placing the sanple in a sanple reservoir, (B)
al  owing spermin the sanple to rrigrate fromthe

%cﬁ%ﬂﬁ@ﬁ%?nﬂ'{vi&tﬁ%hd depth

cell, "or based on nmagnetic

Sanp) eThERINGY bf bl%irﬂ 1 %ﬂﬂﬁr

confines the sperm

ah3ne

re

C I on nov

dlmehblonstdm:hanmeéngeoammummst ream col | ection
region, and (C) neasuring the rate of mgration and
he 10 m crochannel. 2. The

ﬁﬁ&%eﬁ&gﬁél {gﬁtsao Rh&WA length,

the flux of spermthrough t

dTH% n?ééﬁb@bf‘ clath e erqér

and dept i mensi ons éac

PR

range

said)dpwnsttéam collactioretdgion ofcludesi arcauecmba reserveriwith a known

ngt h,

sai d downst

ream

i croc as_a known | e
V°?‘6’PFE%'?$8 éﬁ RGUBSR | udes a col I ection reservoir with
a knewy medyurng thakHas§ein é&)céﬁft@h@ﬁ% ceffd bréﬁ%@r‘ﬁ”’f!H&g

t he change in concentration

of

l's pr esent

in the

callerian tasenvaitas ATUNFiamROHiIManct | on of time, 20 (C2)

det |
col 11620 HsBetmiBE AT Biekichn Bd g ol e G5l sBBidlon,
resenadirstiepdiensity of active sperin @f saidrsampie@s a function of time, and
(C3) determining from step (C1), the average rate of migration of sperm

through said microchannel in a downstream direction.

4. The method of claim 3, wher:

ein

step (C1) includes generating a time-dependent function whose slope

approximates the change in number of cells present in the collection reservoir

per unit of time, and whose intercept approximates the time to first appearance of

sperm in said collection reservaoir,

step (C2) includes comparing said function with one or more standard

functions generated with semen samples of different known sperm counts and

rates of forward progression, and
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(C3) determining fromstep (C), the average rate of

m gration of sperm through said mcrochannel in a
waoloomesxenm di rection. 25 4. The nmet hod of cl aP@m/8$2003/039069

wherein step (CO) includes generating a tinme-dependent

functi on whose sl ope approximtes the change in

per P 1Caf el et EAER plbt R Re5 B s BAneRle aie.of

trdvelin & dorward direptiemonssid spermsperm i n sai d col | ection
reservoir, 30 step (C2) includes conparing said
function with one or nore standard functions

genes arRd thbgg ggﬁgap}n%awuéﬁf&fhe‘f‘ ﬁél&cﬁ%‘fab%ﬁ@&’ggﬁe%’rﬂble with

count's an forward progression,
a ﬂ%m/s@ér&éiﬁﬁoﬂéf[ 1dog26168 ( 0 3pideudestrepaguiiBlg flunresckrece emission
. (%eter{n'r% fromsaid intercept, the average rate of
inthe GalleqionIeFevMMr d direction of said sperm 5. The

met hod of claim 3, which further includes |abeling

said sanple with 5 a fluorescent reporter, and step
( A)6.i hbe metbodwhslaimfy wheaneinesaie fabelingincudes exposing sperm

SR e P B R e g Bl ompis ek

offthe e EGtaNG® SEPAT ihedn bAsHArged stlte aarbindiletst ¢fflug bPthe reporter
that pronotes uptake 10 of the reporter into spermin

frefm Sﬁﬁﬂﬁa'ﬁ@e@aw%@ Cleavad-estar siate ef f1 ux of the
reporter fromspermin a charged, cleaved-ester state.
7 The nmethod of claim3, wherein step (C') includes

meastrihegmetidd ofdeiaiend ewherdirs stapt (Cipinetudesgheasuring cell-
the coll ection.reservoir.. 15 8. The

scatteril
depandsat eggcarpﬁwmoi'Igmmtﬁﬁngﬂ%ﬁﬁmke@tlﬂnf?@wat h of

said mcrochannel is such as to limt sperm novenent
al ong said mcrochannel to single file, and step (O
i ncldidébe @thodef elaimrig whedeini stepwhepainithesvidieyf said

rate detection zone in 0,t he mcroch nnel

i Kirsb s 4 ten P Ea Atavehart ARG s RN to
s,ﬁ@@fﬂ@@ﬁstgb Eepficluddat nmigrate past the det ectl on
zone, CCS determining the rate of mgration of

i ndi(Gi1d lsr!@leqtlpgrlndwmuahgpergaaa thejemigrateopast@ndetection zone in
the microchannel, in an upstream to downstream direction,
(C2) counting the number of sperm that migrate past the detection zone,
and
(C3) determining the rate of migration of individual spérm through said
detection zone.

9. The method of claim 8, wherein the width of said microchannel is
between about 15-40 um.

10. The method of claim 8, wherein said detection zone is defined by a
pair of adjacent, axially spaced detectors, and step (C) additionally includes
correlating signals received from each detector to enhance the signal-to-noise
ratio for each detection event.
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25 9. The nethod of claim8, wherein the width of said

m crochannel is between about 15-40 pm 10. The
woreaohosB463 cl aim 8, wherein said detection zoneBCT/8S2003/039069

defined by a 30 pair of adjacent, axially spaced

detectors, and step (C) additionally includes

enhebt e*bﬁgneihgﬂ?f Clplt 5wt Bl R BRER BT RS dbfhhed by a
patvehadjadént\\ExiaNP dp A1 EE cBIGTS, Lﬁﬂﬂﬁ&bQ@Q@ﬁedltlbﬂlaIIWﬂﬁludes

met hod of claim8, wherein said detection zone is

usiRg thesimgjntgryaiibetween signalsfeceiyed rany saiskdatgctors to determine
[ i ncl udes using

thg‘?éfetcéfﬁrﬁe@rat?d}fva%ﬁegg{@%walglgéﬁr{gﬂbﬁ%bﬁeell ved fromsaid

detectors to determne the rate of mgration of sperm

Wi t hj e mcrochannel,. 5.12 he. net ho f.claim8,

whi o172t TS FBER B SRS 6 s ustheSinfudipeinig Sadisample
with HOR@Pent reﬁja?fetr Cind 8 (1§ kndIGdds measy tHEBﬁMrbba&wce of

the fluoresce sperm m gration throug
spgemavigration: thieugh theidetetThen genéiod of cl ai m 12 \M’]er ein

said | abeling includes exposing spermto a

fl uorescence reporter having a cleavabl e ester group

t hat13l TegmetHod akelaith 12 wheedinsart |dbeling fiRfided éxpdsing

substanti ally uncharged state, but inhibits efflux of
spef@ toehbuerescencenieppeierhaMng a:ﬂaag@t@le estesgredp daatallows

p

e} Britebbrer Mo SBPh 4 e Br el WHORLGLY SREPpithibits
effimadf the neporter from sndrhanta omangedecieaved-ester sldte. net hod

of claim@8, which further includes |abeling said sperm

with a magnetic or conductive-netal particles, and

stepy l; _

ot oP14 ke AN BTSRRI o TG iidlas oSl e
dependent absarptien oahght(sqa)tenhgnratheemlmctlon oésegvaiper m

| abel ed with magnetic or conductive-netal particles

passing through the detection zone. 16. The nethod of

cl ai18.1Pne MERR6EH Bf slafi 8 WhicH fifihed afcl GRisaBBEIM §a|Hf§berm

25 rate of mgration of a sperm passing throu said
wittea geagnaticamonductiva-metalaarstiges, andsige (Qﬂ)maim@es measuring

arf SREERESobb! (ladfisEae Mot By HpLadRborshe

ddt@étldrﬁz@rﬂf raiidi (1) éharaereistic analspeaanabéled wgth magnetic or

- conductive-metal particles passing through the detection zone.

16. The method of claim 15, wherein step (C3) includes determining the
rate of migration of a sperm passing through said detection zone from the rate of
change of signal characteristics generated by the circuit element.

17. A device for assaying sperm motility and density of motile sperm in a
semen sample comprising

a microfluidics structure having a sample reservoir, a downstream
collection region and a microchannel extending therebetween, said microchannel
being dimensioned to confine sample sperm to single-direction movement within
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30 a mcrofluidics structure having a sanple

reservoir, a downstream collection region and a
wore@rosaennel extendi ng therebetween, said m crODszNE39069

bei ng di mensioned to confine sanple spermto

singl e-direction novenent within 27 WO 2004/ 053465

I t: :

1 Kk il it oot 1R  RERGE sa BiecPin RS sHirple foggrvor
emntegeatenigratealerg slalmmlcmnfrmnnel totvana addamtd saM! coH@cttmbn region,

collection r etector for detectin
pres@ﬁ@te%?rfl%ggépeé’angg@? RI§Senesi laaled s HbFa'Gr
mf@bLIRSANed Br cBERidN régrérﬁaﬁa el ectroni cs unit
operatively connected t6 said detector for (i)

r ece@n efagtronissadiitoopearatively spniiedted bassid datectoe for (i) receiving

oSR5SR R lnes St Slohefhr %y e?f drsBingsberm
monrtqramt deisity ¢h e SpertPsaMPINarBL (i) Idtsp| fHIeFhation Adfated
18. "The device of claim 17, wherein sai m crochannel
torsperm AeHlityand dansity. di nensi ons each in the range of
10-100 pm 19. The device of claim 17, wherein said
m crochannel has a known | ength, 15 said downstream

col | 88t The deeieaf dlainl 1ikleghereiroddid chicithannel vad width ahd
an electronics unit that operates

own vol une, a
d?@h(dﬂﬁ‘eﬂﬂggﬁﬁéch%ﬂﬁﬁﬁ‘@gq fiOcHRER: ration of cells
present in the collection reservoir as a function of
time, 20 (2) determne fromstep (1), and the vol une
of st9. dTbeIdea'm:eiQfm:Iaims‘b?wdherein the density of active
sper n sal nct on of time, and (3)

det € gﬁpé}? s(a_wj(nowﬂ frage rate of migration
of sma mbm@fr@amrb&@bﬂoﬂwg@ﬁmr@séeorPec,% Eé%ff‘wiép a

direction. 25 20. The device of claim19, ereln sal
kKnawstvelgrles @ndnit operates, in carrying out step (1) to

genelabRc oﬁfc?%@ﬂqﬁgpﬁgé}%hgs%gmi on whose sl ope

approxi nat es nber of cells present in

t he (dpmemsurethe eweigeoinrcongentrativri otdellsi presedtie tMé& @sRection
i nterce t@{) pr oxi rrates the time to first appear ance of
regeon 35,2 &41UoRAf i i on reservoir, 30 in carrying out

ste
St N3l St B tep M f adlifib v8ﬂuﬁé%h€%5’§§°noﬁﬁc{@r‘ feservorr,
theideinsite of akthvespespeinmaid sample as a function of time, and

(3) determine from step (1), the average rate of migration of sperm

through said microchannel in a downstream direction.

20. The device of claim 19, wherein said electronics unit operates,

in carrying out step (1) to generate a time-dependent function whose slope
approximates the change in number of cells present in the collection reservoir
per unit of time, and whose intercept approximates the time to first appearance of
sperm in said collection reservoir,

in carrying out step (2) to compare said function with one or more
standard functions generated with semen samples of different known sperm
counts and rates of forward progression, and
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counts and rates of forward progression, and 28 WO
2004/ 053465 PCT/ US2003/039069 in carrying out step

w@ 3)o40sB46t ermi ne from said i ntercept, the avereEmEsS1083/€39069

of travel in a forward direction of said sperm 21.
The device of claim 19, wherein said det ector includes

opt | DAl out eBS) BRRERBRHAN SafFhRiiEert e Blerage rate
oflUEDe o & fierward direptiarn oﬁssaldsperm (2) d| rect light from

the LED through the <collection reservoir, and (3)
direct emtted fluorescence fromthe collection

I €SeyV OThe GR\IC & ddim 1S vﬂ?ér@ﬁﬁs&ﬂ%?é’tﬁbﬁ%ﬂdes]a(?\ LED, first

22. The device of claim'2l, wherein sai d op
angkaerand ghetodelectars, armbab@ptlcainpember désngnpd mo m J divecdight

ERHEERIEICIRRS: ARiofReler B0 W iy Forulis LER tiguph the
callettor pesarvoifli sP@9 diradl @tRrid fuordScafReSrdrh e E6MEction
sai d _m crochannel, and said electronics unit operates

reggrvoN Capderecto thﬁéﬁ?%ﬁjaho@ﬁéﬁﬁt@fs they nigrate through
said zone in the mcrochannel, in an upstreamto
downstream di rection, (2) count t he nunber of sperm
t hat22n §hadevickrafcigimt2ie whereirt said optical, mermber RDa (Ja)tary
det erm ne thg rate of mfgratlf)n of i1 ndividual sper

MERPEL GRMPLSEd o & Rlvidliyofopiical elements hawipiff et Ingiggs of

refractioferein the width of said mcrochannel is between
about 15-40 pm 25 25. The device of claim 23, wherein
said detection zone is defined by a pair of adjacent,

tr.onjcs

axi ced det sai.d el ectr.onj uni t .

ope?%:{ e-gﬁg%ﬁwc@é?? F%”Hg od‘fhe:{?'@ps?'g)del%?%rdﬁ H adjacent a
delettrsH 2 B Hi@ hficrogRghiEdahd %ﬁ]cﬁélé@tr@’r%@ Elhﬁrotp‘éPates to

enhance the signal-to-noise ratio for each detection

everifl) dgtpchgrdiideal spermeasahey Iraigrate 3hrowgbrssiiczene i the
i eL i 88 e Bl SrEwiRledhm Bebodl Tohrce uni
oper(@} esunti the NP of GPA{A IRAGRIGratE thiwl }the e&ion zone,
and
(3) determine the rate of migration of individual sperm through said
detection zone.

24. The device of claim 23, wherein the width of said microchannel is
between about 15-40 um.

25. The device of claim 23, wherein said detection zone is defined by a
pair of adjacent, axially spaced detectors, and said electronics unit operates, in
carrying out step (1) to correlate detection signals received from each detector to

enhance the signal-to-noise ratio for each detection event.

26. The device of claim 23, wherein said detection zone is defined by a
pair of adjacent, axially spaced detectors, and said electronics unit operates, in
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carrying out step (3), to use the tine interval

bet ween signals received fromsaid detectors to
waledoensidne the rate of mgration of sperm w t hPET/UR®03/039069

m crochannel . 27. The device of claim 23, wherein said

detector includes a fluorescence 5 excitation |ight

f t& :

g L B, @) o e R SR R e Lol Bm saic
detectars to detesmine thei reteetigraiiem ehsparan dittat thetmimnochannel.

zone, said circuit elenment being responsive to nearby

nmovenent of nmagnetic- or netal -conductor particles,

such220 TheafeviBevsrardiim 24, \pHsrelR Sabeletsktvt Fn'&ldwréaﬂu&escence
or netal -conductor particles through said detection

excitabion dighhsourcer andha flleressence gmission ldeteatoict ance of
said elenent, and said electronics unit includes a
detector circuit operatively coupled to said elenent

for 2@t FobidegiceirgEim 23) Whreimeuigidatéstorinckaied a circuit
el enment. 15 29. The device of claim28, wherein said

elemert disnossd @diacesbsaisidatection zeng, spichgravitelement being

e B ol Pl ALBBHG A bR BT, s
thet growemeEmohspemn ttbieted with mna@’temb drynéiafb cohdgetot particles
V|ce of cl 23, wherein said

GG e cede %m”tz%‘&éf‘ ?%@lcr%haea@wfl@gebme igguptansg of said
eléﬁe@@tﬁﬁd s48 éfé&lﬁﬁﬁcs%nlﬁ’ﬁ%ftﬂbgaaséétﬁltdrt&{ 4 Bératlvgly coupled

detection zone over known time perio

tosaigh glemment fepdetecting nhamgeﬁemvtae irduatance eft saend alement: ve
generated with senmen sanples of different known sperm
counts. 25 31. The device of claim 17, wherein said

SaNTR@:- TRE SeVicRDI CRARI 28 iviherEPTERIA et @hicd tlt p&rates, in
upstream end _of said m cr ochannel t hrough a

Cada@mg\eubﬁep (B). daidetarmieg theoiate pf migrating of ai sperespassing
PERRTAR BRABRIe FARDE ol 1RAEGY o Gohdl hdptstc

geswdréteddoy theretuitrelément. h  its own power supply for
powering the control unit and detector. 30
30. The device of claim 23, wherein said electronics unit operates, in
carrying out step (2), to count the number of sperm passing through a detection
zone over a known time period, and find a comparable sperm count/time value
on a standard curve generated with semen samples of different known sperm

counts.

31. The device of claim 17, wherein said sample-receiving reservoir
communicates with the upstream end of said microchannel through a
degradable, liquid-impervious plug, and said reservoir contains an enzyme
capable of degrading said plug.

32 The device of claim 15, which is formed as a self-contained unit with

its own power supply for powering the control unit and detector.
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