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Qualitative, Quantitative, and Sem - Quantitative
Anal yses of a Urine Sanple TECHNI CAL
FI ELD This invention relates to a nethod and apparatus for anal yzing a
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15 Chemical testing of a urine sample generally involves analyzing the urine for one or
| more of the following constituents: giucose; bilirubin; ketones; blood; albumen;

nitrites; red blood cells and free hemoglobin; leukocyte esterase; pH; urobiiinogin;
ascorbic acid; and specific gravity. These various determinations are made through
the use of a dipstick having various chemical reagent bands printed thereon. Such

20 dipsticks are commercially available from Bayer Corporation of Elkhart, Indiana, as
well as other commercial sources. The dipstick is dipped into a well mixed urine
sample, and after a time period of thirty seconds to two minutes, the various reagent
bands are visually or optically examined for color changes. The bands can be
visually compared to a preprinted color chart in order to determine the amount of

25 each of the constituents or parameters being measured. It is also possible to
optically scan the dipstick and thereby obtain instrument readings of color intensity
or wave length through the use of an instrument manufactured by Ames. Currently
avaifable instruments for optically scanning the dipstick bands do not distinguish
lysed red blood cells from intact red blood cells, since lysed red blood cells create a

30 different, color distribution on the blood band than do intact red blood cells. With
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20 In present day technology for detecting rare events such as casts in the urine
sample, the urine sample sediment is examined as above on a microscope slide.
Proteinacious casts which are casts of the renal tubules, may be found in small
quantities in normal urine. They may be described by the type of cells they contain
such as those having included red cells, which are called red cell casts. The red

25 cell casts are formed in the kidney and are indicative of bleeding in the kidneys prior
to the renal coliecting ducts and therefore can provide useful information to the
clinician. White blood cell casts are indicative of infection of the kidney itself, as
opposed {o infection in just the urinary bladder. Types of casts include red cell
casts, white cell casts, tubular epithelial cell casts, granular or waxy casts containing

30  degenerated cellular components, and clear or hyaline casts. Other than hyaline
casts, casts are rarely seen in normal healthy patients, and the range of quantity is
described in the literature.

Instruments have been developed which both determine the chemical constituents
385  of the urine and also assist in the microscopic analysis. Such an instrument is the
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such as those having included red cells, which are called red cell casts.
The red 25 caybosrgssgs are fornmed in the kidney and are indi cape¥Ris®dn3zro

bl eeding in the kidneys prior to the renal collecting ducts and

t herefore can provide useful information to the clinician. Wite blood

[ |
opposed t oYBlFw IS, i B imafitailniates the shmile orheuuion dipsdc andcnade
red cell readsqaetmemfbaltresui& | F@ﬁéﬁ@lyzuhgbﬁé %rtﬁ:l@ldté%bh%orféﬁté W B

ranul ar o cast.s ner ated cel l ul'ar conponents,. and
gl ear or h9§?§er%t r%a%&“h 'Pt"ﬂ%ﬁe@@gﬁ eed Ca“l%’@t‘?Pt@%ttBeémégﬁﬁpéﬂ@e
seen in no anic|éseaag mslthmugh thed|oﬁmge|raﬁwméﬁd@.ﬁw§'tﬁé images t%tt e

descri bed the liter | nst runments have béen deve
#ﬁ

bot b ek er IFCHERTAN.CRh STRSSHY theths (TS RRI9465 reqiesless tsehnalpaical e dan &
| n the ni cparzaymahuana?wa%h &Hhe%sthﬂﬁéﬁﬁ%;r efp ér‘i@ve prone to |

h { t | ] npl th
ur| ne di psmaéflg *ﬁq‘ﬁ G 'Jequ'rlﬁg&)tgg'f'o 3';5@?9 P rpfa!?ggétp@mqt&ate§rvﬁmgg @ﬁget he

particul at photograpleed.s, urine is passed through a flow cell, where a
hi gh speed camera captures the imges of the particles as they pass
through the flow cell and then displays the inages so that the 5

techni ciennwmslbesrﬁ?w désﬂableTtblﬁa éﬁ@féﬁsﬁ |nstru°‘rér’e§‘m BSQJ%‘&B'tB%érﬁer

time than a ure manual appr oac s ver
expensi ve, Sﬂ‘ﬁp lygisid; e auidine ehemistyy, wrinedriond ogll saums

I nterpret r uId be
Rt des??g%{bgbgééﬁl&m%e S, fgfé;]é@erﬂ cfétectlorP%‘H ﬂ{db?@igﬂgﬂc%? Hi’rz i ertorm

a conpl et eNi@VEBtian, R '%%IU?WB‘P"‘P&‘@C’ anﬂraifablewamrumept uri ne bl ood cell
counts, uri ne bacteria counts, rare event detection, all w thout

signif i cant human I ntervention, I n_an unconplicated and reliable
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This invention refates to an improved method and paraphernalia for performing a
complete analysis of a urine sample. A uniquely configured sample holder is
employed for transporting, mixing and dispersing the urine sample, and for
providing separate areas in which the various analyses are performed. The sample

20 holder includes a urine sample source well into which the urine sample is
introduced and may be transported to the analyzing instrument. The urine sample
source well is connected by separate passages with disparate chambers in which
the various analyses are performed. A means for re-suspending the urine sediment
in the sample prior to introduction into the analytie chambers is included in the

25 sample holder. The sediment re-suspension can be achieved by agitation of the
sample holder, or by the inclusion of a mixing ball or balls in the urine sample
chamber. One of chambers contains a miniaturized dipstick which is provided with
the various reagent bands which allow the complete chemical analysis of the urine
sampie. A portion of the mixed urine in the source well is drawn off into the dipstick

30 chamber where the urine is absorbed into the dipstick.

A second specially configured chamber which is shaflow in one portion and deeper
in another portion is provided in the sample holder for analyzing and enumerating
the formed bodies, such as blood cells, bacteria and the like, in the urine. The

35 variation of chamber depth is necessary so that the greatest dynamic range of
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vari ous f o\”ﬁ%&h% EXCRAToD srgaﬁ:egs possessing a distinct nucleus wh|c ne%\er crystals
nor bacteria possess. Image analysis software incorporated into the scanning
instrument facilitates the segmentation of images into bacterial particulates,
crystalline particulates, and cellular particulates and is able to quantitate their

20 respective numbers per unit volume of sample, since the volume of each visual field

is known as the product of multiplying the area of the field of view, which is constant,
by the height of the field of view which can be determined in situ.

A third chamber is preferably provided in the sample hoider for concentrating a

25 portion of the urine sample so as to enable identification of particles in the urine
which could signify the presence of a rare event. The third chamber is connected to
the urine source well and includes a water-absorbant layer into which 90-95% of the
water content of the urine is absorbed. The third chamber also includes a dry
coating of a colorant which is able to differentiaily highlight any rare event particles

30 which are present in the urine sample. A filter may be included in the third chamber
for providing a particle-trapping surface in the third chamber which surface is
examined during the analysis.

A sterile chamber may also be provided in the sample holder for the reception and
33 retention of a sterile fraction of the urine sample which is drawn off from the urine
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anal ysi s. A sterile chanber nmay al so be provided in the sanple hol der
i on,and 35 retention of ,a sterile fraction of the urine

for the,rege
sanpl e i @HB he rgfore,an jegtrqj;}}:tsdgvgw%to provide an apparatus and method for
4 analyzing a subject’s urine sample for chemical analytes, formed bodies, and

evidence of a rare event, such as casts, in the patient’s urine.

It is a further object of this invention to provide an apparatus and method of the
25 character described which is automated and requires minimal human intervention.

It is yet another object of this invention to provide a disposable urine sample holder
for use in conjunction with an apparatus and method of the character described.

30 It is an additional object of this invention to provide an apparatus and method of the
character described which is simple to use and requires minimat technician training.

| BRIEF DESCRIPTION OF THE DRAWINGS
These and other objects and advantages of the invention will become more readily
35 apparent from the following detailed description of several embodiments of the
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source well. The sterile chanber is useful in case the physician desires to
perform wolsd/4asgz bacteriol ogi c anal ysis of the urine sanpberigosusaridar d
m cr obi ol ogi c procedures. 5 The urine-filled sanple holder is placed
in an automatic colorinetric scanning I nstrument which includes an

opti cal | yinvegtioh when takes isaonjunctionawithothes adcampahying drawingsbiarwhich: t he
sanpl e hol der. The instrunent includes a CCD conponent, and is oper abl e
to performan automated X, Y, Z scan of the chanbers in the sanple

hol der, afiG] $ inapian view blya udnesample colleI6Pidrmatiincadcordahdenwille this f f er ent
col orant 10 w?.ve, | ength em ssions emanating fromthe reagent bands on the
di psti ck, YEGFIPPom any formed bodies present in the second and third
chanbers descri bed above. The i nstrument includes a m croprocessor

controll er Lch_controls.the scanning steps nd the operation of the
CCD i gelF.'é,‘nT%és a&f Q!Pﬁ"é!fe"t'fa'%ﬁ"s%]%%g%@gg@fﬂ& F differentiate the
several wave length em ssions and correlate the latter with 15 controller
pr e- progr em ssion vel engt h I Zes apes, texturg an

For phot so) 1Gs 2248 » pcfdhal el StHla in £16] 2 byt SHbvibna 8shota BRbudrated,q

t her ef or e gxpandaisieigd] in the sampiietibaBbeng anal yzed. Scanned results can be
stored and di spl ayed by nmeans of an on-site display, or can be '

transmitted to a renote site for analysis. 20 It is therefore an object of

this i nyemGSN3tand4 @ve dectivha MswHblong eehbodimest bPthe investiv iekendlong
subj ect' s uri nggfgﬂglﬁ for chem cal analytes, fornmed bodies, and
ven

evi dence (‘Jf‘eg" t, such as casts, in the patient's urine. It is
a further object of this invention to provide an apparatus and net hod of

the 25 ch cter describe ich is automated and requires m.ni mal hunan
s ervent BB attagmentodlan Sieut o1A POBIGRS! (5P GVICE ShVEH T STOWBO oy, de

di sposabl iternatiedansiot thetarerevent-deféctivhechambarihtRédediten th an appar at us
and matlgod of the character descri bed.

FIGS. 6 and 7 are sectional views of another embodiment of the invention taken

along line 3-3 of FIG. 1;

FIG. 8 is a schematic view of an automated microscopical instrument assembly
20 which is adapted for use in conjunction with the urine holder of FIGS. 1-7 so as to
. perform the complete urine analysis procedure of this invention;

FIG. 9 is a schematic representation of a field of view that could be detected in the
formed particle detection chamber in the sample holder; and

25 _
FICG. 10 is a schematic representation of a field of view that could be detected in the
rare event detection chamber in the sample holder.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION
30 Referring now to the drawings, there is shown in FiG. 1 a urine sample container
denoted generally by the numeral 2. The sarrip!e container 2 preferably has a
length which is similar to the length of a conventional microscope slide. The sample
container 2 shown in the drawings is rectilinear; however, any shape could be
employed that would allow manipulation of the container 2 so as to facilitate
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30 It is an additional object of this invention to provide an apparatus and

nmet hod of tIweo99/4538har act er described which is sinple to use rTUSISMSETHES
m ni mal technician training. BRI EF DESCRI PTI ON OF

THE DRAW NGS These and ot her obj ects and advant ages of t_he i nvention
wi | | becossanming af ébelicontedss aptiee senerhl areasits the comading 2leThé Icodtainer 2 is

5°C1 P BhoWiaed B SrofHbR WL RS ys dhe Batiea tonsuitas efibe sontainerdi The
draw ngs isamgie container 2 indl@led aiwrine samplevweNv4dhtoowhichtheifinel sarfiple! 0!

formed in r | ' Il nventi pn; 5. FIG, .2 is sect i onal
vi ew t akeﬁ%§&%ﬁ§a}$¥f&c\@i 21' '&# @"é cgn be snze&ﬂ"q gontain about twp i %n‘!ﬂ"ev if@sy
sinil as t@xﬁh@le.ZTthUrir@saoing},e (gell aﬁsrprogidéddﬁﬂvd{mﬁr%ﬂtly of urﬁi@gt?\dg%ggagéé
in the sanple. gha -1 . an are sectional views )
enbod non®. & 1DAEG. Fo Mhistb{pacLiiain thedii) 416 VAiags urige geosntel chambers in thec
5 is a frzontated2piThe flovepaséagessr 8, fafd 12 redstovieied it lidw cbniBpwi ng an
valves 7, 9, 11 and 13, respectively which control the flow of urine from the well .4
through the passages 6, 8, 10 and 12. Urine can be expressed from the well 2 by
10 squeezing the container 2 and cover 3 to open the valves 7, 9, 11 and 13.

One of the chambers 14 is connected to the passage 6 and contains a miniaturized
urine chemistry dip stick 16 which includes a plurality of spaced-apart reagent
bands 18 which are operative to quantify various constituents in the urine sample.

15 The reagent bands 18 are individdally operable to quantify or qualitatively detect
various constituents in the urine sample which are indicative of the patient's health.
The components of the dip stick 16 are identical to commercially available urine dip
sticks, but are miniaturized and fitted into the chamber 14 in the urine sample holder
N .

.20
A second one of the chambers 20 is connected to the passage 8 and is used to
detect and quantify formed components which may be found in the urine. Such
components include white blood cells, red blood cells, bacteria and crystals. The
manner in which the formed component detection is accomplished in the urine

25 sample will be set forth in greater detail hereinafter. Red blood cells will be detected
by their absorption of green light due to their hemoglobin content. White blood cells,
which are supra-vitally stained by a colorant, such as acridine orange, will be
detected by their nuclear fiuorescence at 540 nm, and by their cytoplasmic
fluorescence at 620 nm. Bacteria will be detected by their fluorescence at the same

30 wavelengths, and will be differentiated from white biood cells by the marked
difference in the size of bacteria as compared to the size of white blood cells.

A third one of the chambers 22 is connected to the passage 10 and is used to detect
rare events such as casts in the urine sample. The manner in which specific rare
35 events are detected in the chamber 22 will be set forth in greater detail hereinafter.
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any shape mllzobmms the mrﬁawdoﬁf@kawbﬂtr@ émhﬁam@ufrﬁé'dmnﬂfertéme

cont ai ner i as to faci

6 | IU§E§ﬁqut@%MaJ'réf 2pd Sida walls 261and;28.c Adransrasent,sovar30dsnt ai ner

2. The co tithieddnitBe chamie? 2 I t it €
top surfagﬁeﬁ (l)f tEdencoEecalaner ﬁﬁjﬁchﬁ\hhéleas&ﬂ'}& oggn%qaqéng%%zj&@%%w dﬁaﬁmtﬁ?l ne

sanpl e Ye|qr contagts the, petiomHal ?ﬂr@ét@%@f@b%%e The opposite edge 34 of the
cover 30 is offset from the bottom wall 24 of the chamber 20. The passage 8 feeds

into the chamber 20 bejow the cover 30 so that urine will be admitted into the
chamber 20 below the cover 30 and will disperse throughout the lower section 36 of
the chamber 20. [t will be noted that the jower section 36 of the chamber 20 is

15 essentially wedge-shaped so that the portion of the urine sample which is
positioned in the narrower side 38 of the chamber section 36 will be more thinly
spread out than the portion of the urine sample which is positioned in the broader
side 40 of the chamber section 36. The result of the thickness of the skewing of
chamber section 36 allows the sample to be studied over a dynamic range of

20 sample field thickness or field volumes.

The normal range of white blood cells, red blood celis and casts in patients in
: various states of health, is described in a text entitied: A Primer of Urinalysis; Robert
M. Kark et al; Harper and Rowe; (1966). The normal ranges of these componerits in
25 urine may be exceeded many-fold in illness, so it is necessary to provide an
. enumerating mechanism which has a wide dynamic range. Iif the particulate
components are too sparsely located, they will be difficult to enumerate, and
similarly, if they are too densely located, the analysis algorithms will have difficulty in
identifying and enumerating individual celis in such a cell mass. For effective
30 automated analysis, there should be an optimum number of particulates, where they
do not overlap. In order to provide an optimum field volume, the analytical chamber
must have a varying chamber thickness, or a set of stepped varying chamber
thicknesses in order to encompass the expected range of particulate counts, in both
health and disease. Thus, a chamber having a varying thickness which varies from
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anal yzed is _placed. The well 4 can be sized to contain about two m of
urine, for Syoowe3pl e. The urine sanple well 4 is provi ded WHdTAZS9pM03A70] ity
of urine flow passages 6, 8, 10 and 12 which lead fromthe well 4 to
vari ous urine receptor chanbers in the container 2. The fl ow passages

6, 8, 10 abdutlaoab@bwm\al mitoms Bhité thnéstrﬁdrMn to abcmmesméronﬁs atlifs and 13,

respectiv whi_ch. control rine fromth t hr ough
t he passaﬁ@é@?t P@“‘%%ﬁ&‘?é‘%?ﬁgﬁaﬁ dnamie T @9@@?%5‘5"(‘?1‘@ GRuUNts Ee{)y 10
squeezi ngyhft§olimié of s@mpke.and cover 3 to open the valves 7, 9, 11 and 13.
One of the chanbers 14 |s connected to the passage 6 and cont ains a

mni aturized urine chemstry dip stick 16 which includes a plurality

of spagedm@E. B-3 Maseate detalls bﬁm eﬁﬁ)d&}héhtsaéfﬁthé REUBtre ©f tite FAraEveny-
vari ous constifuents in

h b
(i vi duaEejectisBrahirebei2 BRLET0 Jretdadne emiarmerh Jugirated In FIGS: 3N 4.
constit ueRke mamtﬂé? zermeﬁd&a%&tdm gl 49 9&‘ I\pRicR & Mﬁ?ro.ib rﬁaéat@m i$

heal t h. e cogﬁ)nent s of dip stic are 1 dentica
comer ci alpogitiongd @fqﬁhﬁrnafaﬁ%t ere tsppémgnedlﬁfm @om fitert46. .syéa agRl

fitted intpg *éb?zo?@ﬂi@ﬁbreﬁ{é fitteriranurakfifed wnhm:;{]w& Th8 ﬂlt%P46 is A

second one o he chambers IS connected™to t IS used to

det ect 1&n@rqmablvapeftﬁécwc% Figisharid 48,whish mmotmeﬂ dmih? mamh@r 22iad such
conponent ftqfda@h%cmhé WéféP%n ﬁibﬁheﬁﬁﬂneb%é}?ga%" +rﬁef strdléo afiss

crystals. manner I n onent etection IS

acconpl i siRagsage ohthe,water cmie@tamﬂhe urine, bbbwﬂbUOﬁ& pessage gf tsmed bpdies |
h ft | t
oreen 11 griniciiafe MR Ardbipm3sucli R, Inidly, YE et aatbenbat
are supralayerf4 ‘;il“sﬁ%tsmﬁ%?Paﬂéf@lnbi%QHd $8andithefitar A6 aschamdn RIA. B, be
d

etect gsl Rynddgig %UCA@ﬂrre Enhh@flé%?ﬁk@q!;é‘cggﬁg%ét}feﬁ(; ﬁ&%ﬁ? Eﬁ;é 16YineAlvaer ©

fl uorescence at Bacteria w | uorescence at

the sane Jactipnalite grine sampiewil pass tl@rougbrtbﬁtfﬂt&réa ancbheahsozbaﬂl ipdbecel | s
by th 5%%,9 t
-s?/ze gf n\?\/:] lﬁéiﬁ%ﬁ?@%ﬂt@ s&v%ﬁ sﬂ;i‘) one of ﬁllapgﬁgﬁge @nfgln 'thé
connect ed Wet w@ t;ﬁatgaa@%d op thadilies 46@@@ thus ssparated from dhe “@t@rrinéhg L%'ﬁ'eas

t t
Gotectod 1Y PECARSATER pleCkin R LI ine frdfye tnap efe sLbiebHioxmRatbhare ®

© 20 quantitation by the instrument.

FIG. 5 shows an atternative embodiment of the rare event detection chamber 22. In
the aiternative embodiment, the absorbent batt 44 is disposed against the side walls
of the chamber 22. As the urine flows into the chamber 22 via the passage 10, the

25 water fraction will be wicked off to the sides by the batt layers 44, and any formed
bodies in the urine will settle onto the bottom surface 50 of the chamber 22 where
they can be detected.

Referring now to FIGS. 6 and 7 there is shown a schematic illustration of another
30 embodiment of the rare event detection chamber 22. The chamber 22 includes a a
planar bottom wall 118. A constant thickness layer of a preferably transparent or
transtuscent dehydrated gel 9 is disposed on the bottom wall 118 of the chamber
22, The top surface 110 of the dehydrated gel layer 9 is planar, mirroring the planar
bottom wall 118 of the chamber 22. The volume of the dehydrated gel layer 9 which
35 is disposed in the chamber 22 is such that, when the ge! 9 is rehydrated, it will

9



7 Al'l of the aforenmentioned quantification tests are achieved

by counti ng yggabxées per- m croscopic-field and determ ni rreTAUSIb/YIIE0
concentration in the sanple by identifying t he vol une of- each field
exam ned. The area of each field of viewis a known constant, and the

hei gh: of s%%t%f nﬁnaﬂwllme chambes 2@r agwwbahetchaméfzwaymetotmed@gad 5th

enmanati n ro an can e, neasur e e

pr ef erreg @ﬂﬂ’?bﬁfﬁ JBEt Wb Al daks the fanm oiva, rever slige, Whlqu&%

bot t ?m waldmnaé‘{vanﬁbuyrﬂ%ml tlae t?ﬁ saﬁdcala 1oﬂofttpew9n§ dbsevedr lBﬁIuriahty of

osi tione In an an e SO ose

D cent sidentitabie fomae bodies R pramo s taneton dhe stfars J0snd

?EpOSIh tsﬁb Qd%;lg%_rr!ﬁfoﬁthai mstrgmem8 ; 1g@tb$o@i§ 6Rthé topsiirece P10 gmlheegél ﬁ%ﬁeﬁ .
e chanper e assa eeas el 0 e cover

30 so t hatthglatgr 'mt? ?‘PgdaFﬁFSWPH@?qé %hﬁh&&g% f?@%&w&%‘- ﬁf‘e%ﬁ%’? 30

and wi |l dwePeh ﬁbﬁst"dwmug té@ﬂahqwarog.eatnhgfm%npﬁ1etoﬁdstmscmtﬁaegeizo 't

will be noted that th E‘?sectlon hanb ntially

e
wedge- shapiifage I%tarm@e § Beingftooeafitm the lacaiignof e éH"fii%e 116 when the

posi ti onednkffumdht 186 doe8Mot isBAss angothérsforedizenstitehtson &b smﬂfécéwwmrre
thinly spread out than the portion of the urine sanple

| e
poSi t | dﬁedhpdattwecmaa%mstrum tgk! &wnlUECP%twmmermgé@mmﬂ bsmg mﬂw%m t
of the thigddweast é&m&hﬁhﬁﬂ@hiﬂ@aﬁf formed%wi@@r u%ﬁwblbgabp?écaaiédorwat ’GHB?wﬁﬁa@‘D' e

to be studied over a dynam C range of le fie hi ckness or field

vol unes. constwtﬁ&imuﬂnaw@sswem reev@waé@a\%eei layer 8gand oy foreleds and
casts in p@éﬂs%fﬁeﬁté'ih the Yrrie WﬂﬁbéTcﬁbﬁﬁe&‘bnﬁﬁé't&ﬁsut@céQ%rdftiﬁé réﬁyd%aié%i(t

entitled: A Primer of Uinalysis er’ and Rowe;
(1966) . Treeldayerasincarihey Wil nph@@@b&%aﬁm@teﬁhe gel layer 9. Suitable gels

15 include "PHYTAGEL", which is a gel formed from glucuronic acid, rhamnose and
giucose. ltis clear and colorless, and thus is a good material for use in the detection
of formed constituents. This gel is the product of Sigma Diagnostics. Another
suitable gel is a transluscent cross-finked sodium polyacrylate gel, which is used in
disposable diapers, and the like. It should be noted that the functions of the rare

20 event detection chamber 22 and the quantitation chamber 20 may be combined into
a singte chamber containing the gel and also having the variable through plane
thicknesses. FiG. 2a shows a variation of the chamber 20 which includes the
dehydrated gel layer @ disposed therein.

25 Referring back to FIG. 1, the sample holder 2 may also include a sterile storage well
52 into which a portion of the urine in the well 4 is drawn through the passage 12.
The provision of the sterile storage well 52 allows the physician to have access to a
sterile portion of the urine sample in case further testing is indicated from the
inspection of any of the chambers 14, 20 or 22. Access may be had to the sterile

30 well 52 to withdraw urine if necessary by means of a sterile syringe, a pipette, or a
‘microbiologic loop.

FIG. 8 is a schematic depiction of an automated colorimetric microscopical
instrument assembly, which is denoted generally by the numeral 54, and which can
35 be used to scan a urine sample that is contained in the paraphernalia shown in FIG.
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25 urine may. be exceeded many-fold in illness, so it is necessary to
provi de an wo9emssser ati ng nechani sm whi ch has a wi de dynam ®eoTarsyen337d t he
particul ate conponents are too sparsely located, they will be difficult
to enunerate, and simlarly, if they are too densely |ocated, the
anal ysi s 4\, godicannwithout sigaificant humeanlintervention, coltsomietndally analyzentheer at i ng

there sholfayeisrethE oblE dlorSinpaatio shadifSck By ¥e e EEHamER 3aLC <
g\ég% 2|ro. mmommqaﬂym rd@fmhametrsaauy differentiate meemdtfigna?w:::aloéd
varyi ng cﬁ%rr#%t? b&ggmﬁgﬁﬁ%rgs%gcﬁ%agﬁ ?&r{ %ﬂ%i@ﬂﬁ%ggnéﬂ%%gaﬁ&ﬁeedplroange of
parti cBl atchambert2 bsinglscanned; and:ean kokondmetricailyeandidrumorpharhetrivatly havi ng
g V"Y' detedg poderch SiRE BustRTh dhe uipe seRIR i INB.ChaBPR! 22, THS abou
200 nmic ][ oriasr,tayme?w is dadigred-io crpate amtlh tsmmezw titams]giii tgw iftla'g%Sdehfl udmag m5c
T Gst ot TG SeB s RYE A instryrbhy s RntiT 58 cIFEE% & stae BRMMIEY o -
g;atG%ct i on intladés clip58 wich ehgagé tr_le:slampie he!denﬂoahb 'dwenlatlatiezlthet_samﬁd rl]ficﬂtler

_ . : ! tt
o or- 105 mpyph VeI e bl 28 e il s
posi t i onedolddri 2arepscanrfed. t er 46, such as a nucl eopore nenbrane filter

manuf actured by MIlipore Corp.. The filter 46 is 10 preferably supported
by arigid grid 48 which is nounted in the chanber 22, and t hr ough

L0 AT et oS8t g sty tosiotng s bl
o o oRRsIA ArBEuqiRuee Hatfoe SAmPl bOBlor i carth trasVeiseBCon e if the
t he waflér -sriok¥direotiortsat In this manyer, thel entifd cirttentzastate saaple holderizheargbed 48
g e bRhed OTrA B84 chdelt ot et esbly SF PIBNATE .
uri ne sanpl@DvednenaBZwhithpbymedres 6f 4 beanvisplitter sldcambiens!88iseétpis foeused
upon the sample-containing portions in the sample holder assembly 2. The CCD
camera 62 views and records images of the sample through a plurality of different
- 20 emission light wave filters 68, 70 and 72 which are mounted on a selectively
rotatable filter wheel 74. The instrument assembly 54 also includes an excitation
light source 75 which directs an excitation light beam at the sample holder 2 through
the beam splitter 64 and the focusing lens set 66. A series of excitation light wave
- length filters 76, 78 and 80 are mounted on a selectively rotatable filter wheel 82.
25 The excitation light beam is deflected by the beam splitter 64 toward the focusing
lens 66, and is focused on the sample holder 2 by the lens 66. Thus, the two filter
wheels 74 and 82 allow one to selectively control and vary the wave length of the
excitation light source, as well as the emitted light source. A preprogrammed
microprocessor controlier 84 is operable to selectively control movement of the
30 sample hoider 2, the rotation of the filter wheels 74 and 82, and operation of the
CCD camera 62. The controller 84 thus enables fully automatic operation of the
instrument assembly 12 without the need of significant human intervention.

The manner in which the urine analysis system and method operate is as follows.
* 35 The chamber 20 in the sampie holder 2 will be provided with one or more colorants
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| ayer 44 causing the latter to swell as shown in FIG 4. Formed conponents
‘in the urine will be trapped on the filter 46 and thus separated from
the water inMA¥4§%ne, and because of their placenent oRXCGIAESIPOPITRr

46, they are subject to exam nation and 20 quantitation by the instrunent.

FIG 5 shovys an al ternative enbodi nent of the rare event detection chanber
22. In whighwithbeanesabledodiferentialit highlightasdabeldhe formed sompongnt®osed

o h
Chanber JUCH i, UE ibected 1§ beltBind Pt thatiber ¥, | i Chufiier B Bsithen N
t he si deRb@ye; wéoweﬂ W'tily% thyough plane, any¢ a4, thiskness thativeres frorene ende

will set tdehQ &hambge ;é% b %@@@%@P@&@ﬂﬁgﬁ{m %?m%ﬁ& coated N€Y _can

be dete erring now to ere a Schematic

il ust5r atqma the surfacese! the chamhearddearvbe endnirageliutardivoressent dyersuchaser

tzﬁi cmgss iayer g%‘ gngtesﬁéz@@man r?gbgrag‘gtolagérrt rané%ﬁscen’ﬁé}é]g#ﬁ@bat ed
gel f 9 is hoth wm@non&vmfommmmmms ammwhmﬁawmeenter target fdl’l'l‘ted op
anar
Elcj){ t g?newa]#nﬁ%éﬁis Sg ﬁg chanlgeg %IZ bh{?%@év éﬁhé)é)lgjé]taekI ‘ﬁ%*%}gahgmiayer 9
\;\th cgr %’[5 suchdtampenants, withthecexoeption pbciystaisic Forrhed pommmentse sych & nes!
y

substantia ”wath Yiﬁ J‘?tHra"X ae"r'I pgnetﬂ]wsllt ke an?lygﬁ% “éﬁ‘e?n%@’e'??g% be f or med
by a tappropdaterfor thein plgmem. 2Thusntha1ﬂmm¢scemem issiofis ramdédr theratie of fightle,

' Gbsbr (IS fom anlieDifdy teibetEimubh s idlind Arind hifitfer o) plis 2y ' °

pr e- posi taddiﬁ,qnai rmmbommameasmmmemsawdl bss otiditferent waveolengthes whidhcaite )

| tter nadhaaerin O b biforial kAL Ppre Gitie b enadbh Have , "

per f orlf Iengtlworfmammmatnc featutesi cam be preéprogranireed pntodak domtrollen84tsol16 t o

focus on ¢Aetktter will recognize matching emissions or features that the CCD 62 records
and transmits to the controlier 84.

| For example, the number of red biood cells that are detected in the urine sample per
20 unit volume of the urine sample will indicate whether internal urinary tract bleeding
is extant, and, if so, to what extent. The number of white cells that are detected in
the urine sample per unit volume can indicate whether the subject is experiencing a*
urinary tract infection or inflamatory process. The number and types of bacteria
detected in the urine sampie can be used to diagnose the presence or absence of
25 subject bacterial infections.

FIG. 9 illustrates a field of view that could be detected in the formed particle chamber
20. FIG. 9 shows the narrow thickness section 38 of the chamber 20; the
intermediate thickness section 36 of the chamber; and the broader thickness section

30 40 of the chamber 20. As shown in FIG. 9, any bacteria, which are denoted by the
letter “B”, will be likely to be seen in this section since their concentration, if they are
present in the urine sample, is generally high. Red blood cells, which are denoted
by the letters “RBC”, are best enumerated in the section 36 since red blood cells are
relatively intermediate in size, and their concentration is at least 10 fold less than

35 that of bacteria in urine. White blood cells, which are denoted by the letters “WBC”,
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surface 110;, and the other being to confirmthe |ocation of the surface 110
when t he wosd/4spgrent 116 does not sense any other fornmed cpapiusbosascs On
the surface 110. In 10 the latter case, the instrunent 116 will record that
t he urine sanple being anal yzed does not contain any significant forned

bodi es. |t aré bésttsnumeratsd i1 thé sdttiont4EsiBE Sihite bloda s ae elatilelNErdd inne

wll serve to re dratethte ﬁgal.la%/er 9, and anfyformed constituents in
the urine SIZEIANGNENSONCENITBTIOR Ifusualy &t leastd 0ol isssdhan thatyaiibacteriain  gel
| ayer, singfinghey will not be able to penetrate the gel layer 9. Suitable
gels 15 include "PHYTAGEL", which is a gel formed from glucuronlc acid,

r ham€mmose and glucose. It is clear and colorless, and thus is a good

materi & f o noted abovdcaniebastehiar in theXarh Sl t_fé)aﬁfb'rédﬂ%iny hightightedfil a' S

t he product o S‘lg&ma- D agnost |§s. Anot her suitable gel"is a™ " _

transl usceﬁ’fe_‘%‘-% ingd r'i'i@!g'%'oaf' RrpSmelier shan ethge formed badies indkel urine, thus

di sposabl e yHenRB Instalieht anstie sb&t;&hss,' fhelecrrés Wil B?feci Qﬁxfbégfériacz’g%n of
e 2 chanoer may

the rare 20 event detection chanber and the quantitation

be conbi nethe getion 38 Ry ightemissiomand sizenand withiransmityuchdinformationiatheg
the vari abkgntrbifiep @@ pl ane t hi cknesses. FIG 2a shows a variation of
the ch er 20 which includes the dehydrated gel |ayer 9 disposed
therein.” 25 Referring back to FIG 1, the sanple holder 2 may al so include

3 1o dr ann ) {rRGE erthe Insdmeff 54 Wafig i BECdARY 36 bt N, B iAS I 1%
vel | 52 al Vs amRregiaplis B In thensections @fsand d0awill be detectadebytie COD 62 t he
of any of Eh i 9950 s fBCpreseRc il b kAR 1d 8 Barfidiese; IS 50"
wel | 52 t olﬂ/ﬁtﬁuﬁtﬁrﬁ\ﬁ_caw ﬁéth Cf_ﬂﬁ!ﬂbel'sa@ yilbthuseprovidef amabselute torsyed bagy ceunt
bt "2 ais o he wrind i, P88 odd Sl are best identheltyP s IFR sbSpfiiick by
i s denot ed Sibeithe Serebbang at abawt 415 B, osthe hemeagiokin beddia abowuti 560 wan a
li{)i ne sanplhite Blbotl teflaré phérerdtily hithiigRtsPWRh 2EoiBrait Aeh'ds Sdfdine orange,

and when illuminated with an excitation light of about 460 nm, the nuclei fluoresce

at about 540 nm, and the cytoplasmic components fiuoresce at about 620 nm. The

20 ratio of these two wavelengths can be used to identify inflammatory cells such as

granulocytes, either singly or in clumps, or the presence of other celis such as

epithelial cells. In the case of celis other than granulocytes, morphometric features

such as the area of the cell cytoplasm and the cell nuclei can be used as identifying

features. ' -

25
FIG. 10 illustrates the distribution of rare event particies 90 which may be present in
the chamber 22. it is noted that the rare events 90, such as casts will be randomly
distributed throughout the chamber 22. Identification of any evidence of rare events
in the chamber 22 is thus related both to the size of the bodies and the differential

30 coloration of the bodies 90. When the instrument 54 scans the chamber 22, any
rare event bodies 90 in the chamber 22 will be detected by the CCD 62 and the rare
event body presence will be transmitted to the controlier 84. Instrument scans of the
chamber 22 will thus provide an absolute rare event body count in the urine sample.

35 Casts are detected by a combination or their light fransmittance, their flucrescence
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1, and can, w thout significant human intervention, coloronetrically
analyze the woonMgy®l engths of the colors inparted to the di pgedyingdoolays7hhe
urine in the chanber 14; coloronetrically and/ or norphonetrically
differentiate between different types of formed bodies, which are

speci fi ed ugmgéthé mlengthsl ahb e:oturante desafibb@above! H6d %esﬁb%ﬁﬁb’en?&thﬂ‘l ng
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sanpl e hol eest 2Cé§tﬁ Oeéfammggfa%w%maméa 4L baue iaccmbipatian of nggative
i NStrument sBH&A mémdraﬁdtu@lféf 8 cast aﬁi@ d‘e}‘i‘@é& A gm taﬁ:@orﬂ@hc@f‘ét j of a

beam splitter 64 and. | ens set, is focuse e sanpl e-cont ai ni ng

portion? i M’at\’ﬁ@ngmﬁ)q"ée F%t’\?e?reﬁgﬁ@rﬁf t}lezgramn@rower ial. Ela@rﬁeatamerw&\bg and
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light wave filters 0 and 7 are téd on a se ectlv

rotatabl e ﬁf-‘aafaﬁg\mﬁmmwt canyeadand \Yh\@htW|ﬂ§%|bthﬁ gcanning mstrummmrarthe
exci t at i onyarigud bﬁéfhbé%r@%c?fte&@ %‘Rf@é&

t he sanpl e _hol der, 2 t hrough "qaﬁggﬁﬁs@‘?u ?ﬁ ttg%%%}ﬁ%%c%y ng ﬁns
set 66. A HEPRRLCRAMBRL t ati on Ilght wave length filters 76, 78 and 80
are nout& ed on a selectively rotatable filter wheel 82. 25 The eXC|tat|on
i ght beamjs deflected by the beamsplitter 64 toward the focusing
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cont r ol3%r Vetdg glaimadisies ful |y automatic operation of the | nst runent
assenbly 12 without the need of significant human intervention.
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The manner in which the urine analysis system and nethod operate is as

foll ows. 35 yJaorkepber 20 in the sanple holder 2 will be predrdeseomsarh one
or nore colorants 11

which will be operable to differentially highlight or |abel the forned
conponent s whi ch may be expected togigih®und in the chanber 20. The
chanber 20, as noted above, is formed with a through plane, or Z axis,

t hi ckness that varies fromone end of the chanber 20 to the other. The

col Qrant of, AQoptAnérs(2) Iet ussin peicting aaileddlity omﬁa}yﬁds@ téS!‘é bAcequiekcéne

chanber 20 can be an I ntracell ulbar fl uorescent ere such acri di ne
§]

orange, orurfi& $50BlEe S aingf chararterized ynt capabl e of highlighting
bot h | isvi ng) g0finéSAmIple/ réteption rashdmmn f?ii*trécéWlfi'\gV@beplef luripgtte'be ar get
f or med conponents such as white cel bacteria, and the |like, and wl|
di fferentlﬁfa'?mﬁgbel such corrponents ‘with the exception of crystals.

For med CO ﬂﬂé chéHﬁéiwa&drﬁﬁe t1ﬁ4§ %bhfalmhﬁ 'é&lﬁ@bH?mﬁétW ﬁ?@ﬁéﬁ fieigyent

will be anlyze u5|n vvave eng propriate tor the |gment Thus
the fl uor eNdiEhdS @ﬁﬁ@ s dgies! éﬂd tQHéﬂPfélt\fol%iﬁ ghegmical ComEﬂﬁ‘Qﬂtédn Arisagtion,
formed tar@qhqumgw‘é found in the chanber 20, plus any addi ti onal
nor phonet ri ¢ measurements, wll be of different wave | engths which are

char actldr i @)ta forgved eanstiyent iplatigncharabenta0) whieh isoperabinto fashitate teai ssi on
wave 15 | W d@fecf@ﬁ &hﬁ rl BFisbRAbH'd? ifaﬁaﬂs L Ebﬁ&ftﬁ@ﬁﬁ%hlﬂﬁ tay Be

controll er atter wll recognize em ssi ons or
f eatures tprgsentip M@@YG@W'@IM@fltfaﬂmlﬂta Hﬁgmm of the urige same)frpm eaa

For exa”p'&E.SP 86 tatth ﬁs&ﬁte?%n‘ﬁé&%ﬁngﬁbbﬁtﬁt% b?lﬁﬁdl@ Lgff gainih ﬁme' ne

sanpl e per unit vo une o e urine sanple w e whet

i nt ernal uisplalion ahamherbl eedi ng is extant, and, if so, to V\/nat ext ent .
The nu "H‘Ber d)h rifdl é nt Sb{e%mﬁ%aﬁﬂﬁggﬁéfﬁh%ﬂ is 'E:gerablé hs cBthﬁrét@rFﬁl'é’ cbefts
unit vo can |n 1 cat et her exper | encl ng urinary

tract infeita faction mfﬁhemqmlpiemgepam’@ mrbr@fre@vantgﬁm wsatebm:tt@r i a
urine, said rare event detection chamber including a water absorbant material (9,
44) which will absorb essentially all of the water constituent of the urine sample
fraction which enters the rare event detection chamber and will not absorb any rare
20 events in the urine sample fraction; and
) urine fraction transfer passages (6, 8, 10) extending from said urine sample
reception chamber to each of said chemistry, isolation and detection chambers.

2. The container of Claim 1 wherein said isolation chamber includes at least one
25 colorant which is operable to differentially highlight at least one class of formed
bodies which may be found in the urine sample. .

3. The container of Claim 1 wherein said detection chamber includes at least one
colorant which is operable to differentially highlight at least one class of rare event
30 which may be found in the urine sample.

4, The container of Claim 1 wherein said isolation chamber includes a smaliest
through plane thickness region and progressively larger thickness through plane
thickness regions.
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detected in the urine sanple can be used to di agnose the presence or
absence of 2wosshisesat bacterial infections. FIG 9 ill ugichaisesossrdi el d
of view that could be detected in the forned particle chanber 20. FIG
9 shows the narrow thickness section 38 of the chanber 20; the

i nt er medi & el hércoktaires of ddainod vaiferein sdid isdiatdrechamber iweligeahapetihi ckness
section 30 40 of the chanber 20. As shown in FIG 9, any bacteria, which
are denoted by the letter "B", will be likely to be seen in this

sect +| on sieicEhe be::ﬂ}ainm_rotﬂiaigag ivgmreiézf satidlil fater absorbaf makstial 'irgséra%égéétgt?
sample, 1S era | .. RE .00d,cell s Ich are denot e e
letters " ﬁﬁ%ﬁ"{beﬂ%aé’@g{‘g@ﬁﬂﬁipgﬁ B“%Of'r?ebé%mvé]' aigsald detection qmaﬂa%erea |'s

are Srelatively internmediate in size, and their concentrati-on is at

| east 10 fplgd | ess than th f bacteria in urine. Wiite blood cells,
whi ch are 78 eﬂr&? gantapqr ﬁéﬁ@m g&gﬂwwpnsmg a tormed particle filter which is

12 disposeticabiovetsaid ban sdig diltenaldwing Passage 69 weterC BuvBidcRing cod cel l's
are rel atlvesla¥ Iai e in . Size and their concéntration is usually at

| east 10 PHASHRERE ﬂi‘ﬂ‘fﬁ’ R3Mee3t pbacteria in urine. 5 As noted above,

any bacteria Bin the sanple will be differentially highlighted in a’
predet erm ned manner, and are snaller than other fornmed bodies in the
urine, iPh&’g 5the Comtainer w@%'ﬂm i Binssaigh water-absorbatrmaterial inesaiddedectian |
detect anyhaafie?is & At (34) which'i poRRional cHisiBs wa A agjeon hapies, and
will transmt such inf o(rqm)ation to the o C%l%r\%?l@f%?a%{(@ﬂoﬁ Li egvﬁ'se,
when the instrunent 54 scans the sections 36 and 40, any white cells

VBC and r & Tieé contaiferioh ' waileh 450 CCD
62 and, th V\B% %éyg'%?}?ﬁénéggmvsﬁ% be trans mé't'tt'{e;%tétﬂ(;é‘li ?ﬁ%ﬁgo&rﬁfﬁﬁtﬁer

84 The Chamberisa el (9) which is positioned on a bottom wall of said
15 detection chamber.

10. The container of Claim 1 further comprising a sterile chamber (52) for receiving
a sterile reserve supply of urine from said reception chamber.

20 11. The container of Claim 1 wherein said transfer passages include valves (7, 9,
11, 13) which can be electively opened to aliow flow of urine from said reception
chamber to the remainder of said chambers in the container.

12. The container of Claim 1 wherein said valves dan be electively opened by
25 squeezing said reception chamber.

13. A container (2) for use in performing a plurality of analytical tests on a quiescent
urine sample, said container characterized by:
a) a urine sample reception chamber (4) for receiving a supply of urine to be

30 examined,;
-b) a urine chemistry chamber (14) containing a urine chemistry dipstick (16, 18)
which is operable to detect and quantify various chemical components in a fraction
of the urine sample;
c) a formed constituent isolation and rare event detection chamber (22) which is

35 operable to facilitate the optical detection and optical isolation of various formed

16
—
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I nstrument scans of the chanber 20 will thus provide an absol ute forned
body count iBobéldalie urine sanple. Red blood cells are best irEysshicastoby -
their |ight absorbence in either the Soret band at about 415 nm or the
henogl obi n band at about 560 nm White blood cells are preferably

hi ghl'i ght eénsm&ém% WA maY bélﬁ'éséﬁ’( tﬁ%dé%f"\?hr?ﬁ»gr&ﬁrcentrahéﬁﬁ i@ $Faction of
out

illumnated w.th f itation he nucl ei | uoresce
]

at about HEUMRe sa enb?@%pmﬁhsg thahisnisalated fqrm%e@nﬁﬁum G8nd¥®» nm
The_ 20 r aﬁidmeuanwésa?nm Mﬂh@'l@élﬁﬁ?ﬁ cﬁaﬁwaé? én'ﬁ:e@htdh alr-%éra&é tbft{gré@ﬁﬁhfé y

ceIIs SucC r anul qQcytes el t her S1Nng or 1ncC resence
of other F¥E events %Hacﬂonsﬁmmnmgsaemb gndmnaratecﬁxya rgre exents ftqrner

t han gsanw :h%edﬂ?kp é‘évEﬁ e lgtidn and &g@%@@thgﬁﬁbﬁ%ﬁhﬁé‘e Ce"

cytoplasma the cell el can at ures.
FIG 10 i ma!mlngtaewataﬁ@h;p&antﬂuatem! |, %rw,shlahemti apaotb eswtmnywﬁ.amhaay

oo Drere" et consthlitn O Bind Sarlde eSh WA BN tng RdafiEahg i <"
| dent i fi c@venhdetectony ceam@n@adomil ot @absoenasy rare everttsnm theautine sample t hus
rel at ed bgia%tlé A}S\hSI ze of the bodies and the differential 30 coloration

of the bo en the instrunent 54 scans the chanber 22, any rare
event bdd desmae ftactmﬁérmMssagem(Bl 10)eextendmdmmysaudhunaamland t he

rare
| mst r urenf SR SrEBNER bt coid SoBRNAT el Tebipfor o FaH Efiiinigbion .
event bodghamiers.in the urine sanple 35 Casts are detected by a :
conbination or their light transmttance, their fluorescence

13 usi ng the wavel engths and col orants descri bed above, and

their di spdacEmeoontainer of Gainv&rwhereimsaidtiselation et rape event deteatiphe, a
cast coat r : N < WA t
absor b ety iciies 4l RlacFBh dofirant which odbhafie 6 Bl nighnphy 8¢
chanber adeastionedtiassot iornedi kodyhabich. may belfeund e théaride sampistand.
at least one colorant which is operable to differentially highlight at least one class of
rare event which may be found in the urine sample.

20 15. A method for performing a plurality of analytical tests on a quiescent urine
sample disposed in a container (2}, said method characterized by:
a) the step of providing a urine sample reception chamber (4) in said container for
receiving a supply of urine to be examined:; |
-b) the step ot providing a urine chemistry chamber (14) in said container, said urine
25 chemistry chamber containing a urine chemistry dipstick (16, 18) which is operable
to detect and quantify various chemical components in a fraction of the urine
sample;
c) the step of providing a formed constituent isolation chamber (20) which is
operable to facilitate the optical detection and optical isolation of various formed
30 constituents which may be present in widely varying concentrations in a fraction of
the urine sample from each other so that the isolated formed constituents can be
individually examined in the isolation chamber; and
d) the step of transfering urine from said urine sample reception chamber to each of
said chemistry and isolation chambers.
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5 containing white blood cells will have the characteristic em ssion of

t he granul o%df,g 32 conbined with the norphol ogy of a cast.pdy/os®ie33ro
containing re ood cells will have the characteristic |ight

absorption of the red blood cells and the norphol ogy of a ~cast. Casts
cont ai ni ngggAMetiRsd fﬁtpé'ﬂo@dmr\@ hlphirans t§=f ld&ﬁiéé?é‘oﬁfa @tﬁﬁééem&.:rme

staining in the nor t an ecrease in ht absorbence at
all 10 vva§@'["9fﬂﬂ‘ﬁ§°§?f£ 8%&315%@3@@1@6%@@ chedAeieEz erial. The
cont ai ner g E&Hé stBB of proﬁamg é’%ﬁné"sfahw;ﬂé ¥Be&iition GHariBEN! 42% %Qﬁﬂ@éﬂt&mbﬁ?brc' a,

such as a bar code, whic scanni ng 1 nstrument c¢an read and which
will tell VQQ%V'BQ:MRF&V Pﬁgﬂﬂﬁﬁ%ﬁ’? s¥ainedhe vari ous chanbers are

| ocat eﬂ 0?)J_iﬂl@st@%@f%r@ﬂ&rngaé'@m‘vé%ehﬂw cﬁéﬁtb’e? P%’%d’& iner, séuH e

chanbe i nce many changes and varlatlo |sc osed

enmbodi nenpbemfstm@\amb@rrﬁqmﬁmmg ame@%@wﬂ!mﬁmﬁﬁew vhich isoperable
e b ' 1588620k yahiy i Bl el orhpef dts in R e Bfing' her vl o¢
sample;
¢) the step of providing a formed constituent isolation chamber (20) which is
10 operable to facilitate the optical detection and optical isolation of various formed
constituents which may be present in widely varying concentrations in a fraction of
the urine sample from each other so that the isolated formed constituents can be
individually examined in the isolation cham ber;
d) the step of providing a rare event detection chamber (22) which rare event
15 detection chamber is operable to concentrate rare events in a fraction of the urine
sample and separate such rare events from water in the urine, said rare event
detection chamber including a water absorbant material (9, 44) which will absorb
essentially all of the water constituent of the urine sample fraction which enters the
rare event detection chamber and will not absorb any rare events in the urine
20 sample fraction; and
e) the step of transfering urine from said urine sample reception chamber to each of
said chemistry, isolation and detection chambers.

17. A method for performing analytical tests on a quiescent urine sample disposed
25 in a container (2), said method characterized by:
a) the step of providing a urine sample reception chamber (4) in said container for
receiving a supply of urine to be examined;
b) the step of providing a rare event detection chamber (22) which rare event
detection chamber is operable to concentrate rare events in a fraction of the urine
30 sample and separate such rare events from water in the urine, said rare event
detection chamber including a water absorbant material (9, 44) which will absorb
essentially all of the water constituent of the urine sample fraction which enters the
rare event detection chamber and will not absorb any rare events in the urine
sample fraction; and
35 c)the step of transfering urine from said urine sample reception chamber to said

AR




14 . C ai ns 1. A

cont ai ner (2\)v0f99t45333e in performng a plurality of analytical pteetseeare
qui escent urine sanple, said container being characterized by: 5 a) a
urine sanpl e reception chanber (4) for receiving a supply of urine to be
exani ned;detectiay) ckambefe chenistry chanber (14) containing a urine

chem stry dipsti ck (16, 18) which is operable to detect and quantify.
vari ous chem cal rr@gnents in a fraction of the-urine sanple; 10 c) a
formed cotit Atmeﬂito perfoominghandlyticl 26tsvan alquiescent urihe samplé daspawdt e

t he on of various forned
consti xueﬁti‘g%‘?@%t’ga@ %thggbéﬁém#ﬁ?#h& y varying concentrations in a
fracti ®n a&ftherstepof peoidinglaufine rsaamtdnl receptwmdambert d:atln shid ¢csrfiamee dor
formed co ' t A ngll ¥i . xam ned in the i sol ation
chanber; r%%%héﬁigrsilp@%fgegﬁ?ﬁ%ﬁ éé%&%h“ﬁﬁinber (22) which is operable to
con(r:]ent rab)etheastep];efgmﬁding a formeed caretitwsntdéolatien uhambesml \Qh@hdssepar ate
such rare_events t | urine, ,sa venI ecti,on
chamber i ?’Eﬁf%@ %gm%rtﬁéﬁ?gpégﬁ?teﬁﬂ?%laﬁ qut@ai IS0 aq-rﬁﬂ) S&PWe‘Absor b
Sks]jseﬂt i al ¢Qnaituhems‘ which weeyebe pressnt frv wrdelgg/atWﬂg @bhb?wmmﬁsﬁg a frgétf j®¢ bt on
iCc ters the ra vent detection c er, and w notasr a rare
20 ev eﬁ? st%Fr}"rM?esﬂ'Pbﬁe{e %@rﬁﬁcg’ ?tﬁ&[; £? E’H?tmgﬁdsola%‘&f’r@epr@nﬁ' %ﬁa@ E§nsf er
passages ma;wdual]ycaxafmheudnngeﬁsmaumbﬁa;mjaﬂeaﬁ@rrpl e reception chanber
i on and det ecti.on chapber,s. The

h of ch |
E:gn'? :Fne? )C}F‘a@q f?ﬁ%@'@ﬂhﬁﬁ‘ﬁ ms%ﬁ' uripe W’ﬁé’?@ﬂ!ﬂ%ﬁ@“ﬁ?ﬂc’eﬁg one

isolation chamber.

15 19. A method for performing analytical tests on a quiescent urine sample disposed

in a container (2), said method characterized by:
a) the step of providing a urine sample reception chamber (4) in said container for
‘receiving a supply of urine to be examined:
b) the step of providing a urine chemistry chamber (14) in said container, said urine

20 chemistry chamber containing a urine chemistry dipstick (16, 18) which is operable

. to detect and quantify various chemical components in a fraction of the urine

sample; and
c) the step of transfering urine from said urine sample reception chamber to said

chemistry chamber.
25

b

20. A container (2) for use in performing analytical tests on a quiescent urine
sample, said container characterized by: |

a) a urine sample reception chamber (4) for receiving a supply of urine to be
examined;

30 b) a urine chemistry chamber (14) containing a urine chemistry dipstick (16, 18)
which is operable to detect and quantify various chemical components in a fraction
of the urine sample; and |
c) a urine fraction transfer passage (6) extending from said urine sample reception
chamber to said chemistry chamber.
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25 colorant which is operable to differentially highlight at |east one

cl ass of forwaigg/ss3g2bodi es which may be found in the urine sapglBsesnizro 3
The container of Caim1 wherein said detection chanmber includes at |east
one colorant which is operable to differentially highlight at |east one

class of 124 eA eomtaingd(2)oraisenimyperiorining enalytithieests dreasfiddcent urine 4. The

cont ai ner %F q:l ?ﬁl na&# b@%e said sal ation chanber includes a snall est

through plI* L% K8 g‘%}lﬁfaﬁwgzﬁ Jyressi vely larger thickness through

pl ane &) laj urineesamplegiegestion chamber (4) for rétsivingrd sl oblurifeabibed Wherein
4 v

said isol ation chanber i.s wedge-shape . The container of Claim1l
wher ei n sg?(a%?q-zr absorbant naterial in said detection chanber is a
batt whi clip)isfoppediconstitient isoldtiont ciarber (20) wiidhisGharabieotd fabmtdiethe 5

i ch 1o Optog| desgeuan nd pptical iolalioR of Variaur foriad consitheryspich e be

wat er, butpréeitiin Radely vapaing eeAceritratin@ad DREéicH 86the urlie SamplefreMnéainmer
of Claim1 wherejn iald teﬁr absorbant material in_said detection
Qg 1% m

chanmber i StBeMH3R 3t forned constpuetssansbe indiddyalbexamineddethet i on

chanber. isolatiéh chambeprdarsd ner of Claim 1 wherein said water absorbant

mat er i h i51 said det ect{"én chanb&ar3 Is a dehydrated gel (9) which s

posi t ig e @) &UNN&a,isacton fansfeppassaae (B extending fom saidenine sample reception
chamber to said isolation chamber.

22. A container (2) for use in performing analytical tests on a quiescent urine
sample, said container characterized by:' _
15 @) a urine sample reception chamber (4) for receiving a supply of urine to be
examined; '
b) a rare event detection chamber (22) which is operable to concentrate rare events
in a fraction of the urine sample and separate such rare events from water in the
urine, said rare event detection chamber including a water absorbant material (9,
20 44) which will absorb essentially all of the water constituent of the urine sample
fraction which enters the rare event detection chamber and will not absorb any rare
events in the urine sample fraction; and
c) a urine fraction transfer passage (10) extending from said urine sample reception
- chamber to said detection chamber.

AR N
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10. The container of Claim1l further conprising a sterile chanmber (52) for
recei vi ng W@9%45382 | e reserve supply of urine from said recEplisy9/03370
chanber . 20 11. The container of Caim1l wherein said transfer passages -
i nclude valves (7, 9, 11, 13) which can be electively opened to al ow
flow of urine fromsaid reception cHafber to the_remainder of said
chanbers in the container. 12. The contai ner S/EE\ai m 1 wherein said
val ves can be el ectively opened by 25 squeezing s S

jRhal ytical tests

on a qui escent - uri ne sanple, said container i xed by: - a) a
urine sanple reception chanber (4) for receivi ‘ urine to be 30
exan ned; b) a urine chem stry chanber (14)/ containi Nri ne chem stry
di pstick (16, 18) which is operable to detfct and quaWt\ fy\vari ous

chem cal conponents in a fraction of the a formed
constituent isolation and rare event detectd on chanber (2 1 xh is 35

operable to facilitate the optical detectifn aep qgtical i syiatign of
various forned : '
constituents which nmay be present
fraction of the urine sample from eac
fornmed constituents can be i ndi
chanber and which is operable



rare events in a fraction of the urine sanple and separate such rare events
from5 watekydéy/4she urine, said rare event isolation and rapeTAISIS3I70

det ecti on chanber i ncluding a water absorbant material (9, 44) which

wi |l absorb essentially all of the wat er constituent of the urine
sanple fraction which enters the |solat2£5 and rare event detection
chanber and will not absorb any rare events in the urine sanple

fraction; and 10 d) urine fraction transfer passages (6, 10) extending from
said urine sanple recgption chanber to each of said chenmstry and
isolation and rare event eg\gtlon g chamBers 14. £§Pe cont ai ner of
G aim 13 wherein said isolatMon and ra re event é tecgfon chanber

i ncl udes at | east one col orant \ /15 operaole To IT entially

hi ghl i ght at | east one cl & formed Ho z be found in the
urine sanple, and. at | east ~ L CH St eto
differentially highlight at le St N \"' \\\ NN nt which may be
found in the urine sanple. 2 } a plurality of
anal ytical tests on a quiescent urine 3ganpl e glsposedoin a cont ai ner
(2), said nethod characterized by: a) the sté of providing a urine
sanpl e reception chanber (4) in said cont receiving a supply
of urine to be exam ned; - b) the.step ro ing a urine chemstry
chanmber (14) in said container, said urine 25 chem stry chanber contai ni ng
a urine chemstry dipstick (16; 18) which is operable to detect and
quantify various chem cal conponents in a fraction of the urine sanpl e;
c) the step of providing a fq@ned constltqut |solat|on thnber (28) which

fon i1 __TINe 1 N _San mi.mlrnTvmmm s N
that the isol ated ) lllillililIlllfﬂllilililﬂlll I ATT AT ITTITITIIIN

t he isol ati on chagks ‘%\\\ﬁ“&\ ‘&*&Wt‘%“ ‘ﬁ.&m

uri ne sanple reception chanber to each of sai d chenlsiéy and isolation

chanbers. I?[(;. f;
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16. A nethod for performing a plurality of analytical tests on a quiescent

urine samwo gy/as3&posed in a container (2), said method chap@gigdoiaed bY:
a) the step of providing a urine sanple reception chanber (4) in said
cont ai ner for receiving a supply of urine to be examned; 5 b) the
step of providing a urine chenistry chady& (14) in said container, sai d
urine chem stry chanber containing a urine chemstry dipstick (16, 18)
whi ch ‘i s operabl e to detect and quantify various chenical conponents in
a fraction of the urine sanpl e; c) the step of providing a forned
constituent isolation chanber (20) which is 10 operable to facilitate the
optical detection and optical isolation of various forned constituents

whi ch nay be present in widely varying concentrations in a fraction of

the urine sanple fromeach other so that the isolated forned constituents
can be i ndividually exam ned in the isolation chanber; d) the step
of providing a rare event detection chanber (22) which rare event 15
detection chanber is oper e tg concentrate rare events in a fraction of

the urine sanpl e and dralgduch rare e AT er in the urine,
said rare event det ecteH, £ er including aRy Zghsor bant materia
(9, 44) which will absorbj S % tiallyeall of Nie-V&lley|constituent of
the urine sanple fracti @gfNhi chifefflers the ae: eVenf/Mlet ecti on chanber
and Wil not absorb any V& e4 e in the ufyin sanr, fraction; and
e) the step of transferin Qt'rn,Y om said uM nple Zegeption chamber

y

itHflation and det gL.T.on g ers. 17. A

to each of said chem P

met hod for perform ng analy
25 in a container (2), safNl nett:
providing a urine sanple Receptfi
receiving a supply of wuri tot
rare event detection chanfer ({z
is operable to concentrat § &1 Q:
and separate such rare ev@nts fln

b sanpl e di sposed
h) the step of

ai ner for

pp of providing a
ection chanber

b urine 30 sanple
] rare event

psts on a qufesient - ur
characterized Ry:
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pxam ned; ) the
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E\

— =
o -
Q)
A
An

1
St - e
Ny
M\\\\

N

A
».

det ection chanber includiRg a W -absor bant mat rlaJ { 44) which w ||
absorb essentially aN - of {t ,mahsr const i t UJAL.° ef 2] uiLne sanpl e
fraction which enters the ;j;; QIR /7
H / AR P 7
) QS L /// .
/e o A iy QO
g A N ) - M ‘17 A N

‘
N\
N\

= R 7S

9
AN
N
Q\;
N\
777
N\
b\i
\

A
AN
4
T
N
N,

22777 7.7
LY 3
3!
N
NN
2,
Y
D
N
AN

4
A u\ T O T A N ™
~\
114
A
N\
N

11
M\Qk
WM

N

N\
N

hY

”,
¥

X

N\

. > Lt
LRI TP S L A o
~

s

<

AY
A)
N
vy tese vt e Wy e, *
PEENNPRIL I
N\
N\
N\

b AN e, Ltee N
. LI . LA i

7/ - 172/

‘9 Ny N ‘.’.. .t 7/ /

: "'—\ ,’ R Ve
' /A VI £

N { i, ;..i o ‘.;'.' Ce '//
N\ V/ 7] «~— -~ -" _.:_--'.‘ Y/
1 yd A annd Q& oL o 7

D 7/ / S0 g7 /A
/] / Ve \//) /S /

10
10



rare event detection chanber and will not absorb any rare events in the

uri he safMA¥4Bction; and 35 c) the step of transfering pefriugebizagn
sai’d urine sanple reception chanber to said

18 det ection chanber. 18. A nmethod for perform ng anal yti cal
tésts on a quiescent urine sanple dispos%65 in a container (2), said

nmet hod characterized by: 5 a) the step of providing a urine sanple
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providing a uri chanber (14) aid urine 20
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chem stry chanber. 25
anal yt'i cal
characterized by:

a supply of urine to be

containing a urine chemstry dipstick (

20.

t@§r9§,453§2a qui escent urine
a) a urine sanple reception chanber (4) for

A container (2) for use in performng

sanpl e, sai d cont aPQBUSI9/03370
recei vi ng
30,b) a urine chem stry chanber (14)

exam ned;
565 18) which is operable to

detect and quantify various chem cal conponents in a fraction of the
uri ne .sanple; and C) a urine fractlon transf pa2Bage (6) ext endi ng
fromsaid urine sanple receptlw chanb8 @ “d dhe try chanber

19 21. A conta -S4 g anatytiTtal tests
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urine sanple receptionChaplpe --- gopty—ofi uring to be-
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operable to facilitate{t4Qs optica tect' n and\opt+i caN i sol ati on of
various formed constitgents{wiich ey b- present ™n wi‘ddl )~yalr
.concentrations in a frmctibﬁ oP the urinme sanpt e frome gther- so
that the isol ated fgﬂge Phlstltuents can be |nd|V|duaIIy edagfned in the
i sol ati on chanber; A0 t) a urine fractiondransfer pasgadge (8 .
ext endi ng fronlsald urijne sanpl e recepPi on chanber to Sdid isolation
chanber . 22. A co tal (2) for use in perfornring ‘anallytical tests on
a qui escent urine { ,» said contdiner “characterized Hy:
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