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Qualitative, Quantitative, and Sem - ZQJQIZ]R:@@?AJ ve
Anal yses of a Urine Sanple TECH L

FI ELD This invention relates to a nethod and apparatus for analyzing a
uri ne sanpl e. More particularly, this invention relates to a preferably
di sposabl e urine sanple hol der and a nethod and system for using the
same to performchemcal, 5 qualitative, quantitative, and

sem -quantitative anal yses of a subject's urine sanple.
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of a dipstick having various chem cal reagent bands printed thereon. Such
20 dipsticks are comercially avaphegRGRAIUNDARaYer Corporation of El khart,
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cel I s. W trhore of the following constituents: glucose; bilirubin; ketones; biood; albumen;
nitrites; red blood cells and free hemoglobin; leukocyte esterase; pH; urobilinogin;
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
available 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



|l ysed cells, the reaction color is relatively evenly distributed over the

bl ood band, while with whole cells, the reaction color tends to be
spotted on the bl ood band. Presently avail able instrunents do not
guantify the nunber of spots forned on the bl ood band from whol e cells,

but can nerely quantify the overall color intensity 5 sensed on the band.
In present day technology for quantitatively analyzing a urine sanple for
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2 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 inciuded 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 collecting ducts and therefore can provide useful information to the
clinician. White blood celi casts are indicative of infection of the kidney itself, as
opposed to 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
35 of the urine and also assist in the microscopic analysis. Such an instrument is the
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Yellow I RIS, which automatically places the sanple on the urine dipstick

and t hen reads the chemcal results. For analyzing the particul ate
conponents, urine is passed through a flow cell, where a high speed
canera captures the imges of the particles as they pass through the

flow cell and then displays the imges so that the 5 technician can
classify them This approach requires |ess technological tine than a
purely manual approach, but the jnstrunent is very expensjve, prone t.o
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transporting, m Xl ng an sper si ng e urine sanp provi di ng
separ at e abgtograph@d.ch t he various anal yses are perforned. The sanple 20
hol der includes a urine sanple source well into which the urine sanple is

L1 0958 B A 185EARR oo ST Ol 30l U e it
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sedi ment r dntervention,i and inan tecomplicatesiandy religblezinstoument. t he sanpl e

hol der, or by the inclusion of a mxing ball or balls in the urine sanple
chanber. One of chanbers contains a miniaturized dipstick which is provided

with  15the various reagent BIOSHREORTHEINVENT | ete cheni cal

anal ysi s ofTHidmvehtidifrelates fPam iprofed Pidthed afll paPspHErX&@Rk fof pBfoiing e
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vari ati G droldgrdmiudesdia prine sampliacsairae welldntohwhich the grineisaspledignani ¢ range
of introduced and may be {ransported 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 analytic 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
sample. 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 shallow 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

3



enuner ati on may be acconplished. The range of some particul ates, such as
bacteria, may vary by as nuch as six logs. This specially configured

chanber contains a dry coating of a colorant, such as acridine orange,
which is dissolved in the urine and which can differentially highlight
the various forned el enents, such as 5 blood cells and bacteria which may
be present in the urine sanple. Wen stained with a col orant such as
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the urine 4
A third chamber is preferably provided in the sample holder 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 differentially 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

35 retention of a sterile fraction of the urine sample which is drawn off froin the urine
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source well. The sterile chanber is useful in case the physician desires to
perform further bacteriologic analysis of the urine sanple by standard
m cr obi ol ogi c procedures. 5 The urine-filled sanple holder is placed
in an automatic calorinetric scanning i nstrument which includes an
optically magnifying lens set that is focused on the chanbers in the
sanpl e hol der. The instrunent includes a CCD conponent, and is oper abl e
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5 I nvention when taken in conjunction with the acconpanying
draw ngs gh N 1B kietefore an object of this invention to provide an apparatus and method for
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 Itis an additional object of this invention to provide an apparatus and method of the
character described which is simple to use and requires minimal 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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FIG 1 is a plan view of a urine sanple collector fornmed in accordance with
this invention; 5 FIG 2 is a sectional view taken along line 2-2 of
FIG 1, FIG 2a is a sectional viewsimlar to FIG 2, but showing a
| ayer of a dehydrated expandabl e gel in the sanple chanber; 10 FIGS. 3
and 4 are sectional views of one enbodi nent of the invention taken al ong
line 3-3 of FIG 1; FIG 5 is a fragnented plan view of a portion of

the device dhivdrition wheriakiendn aon dunctloilﬂ wmmamnignvmy‘dm%g@hanhxch
event -detecti on chanber in the device; and 7 are sectional

vi ews of anot her enbodi nent of the invention taken along line 3-3 of
FIG 1 FiGl &is & plan viewai @minecsample/coflecior farrhedin accordanaswitivthisl

i nstrument qﬁ% y 20 which is adapted for use in conjunction with the

uri ne hol der o GS. 1-7 so as to performthe conpl ete urine analysis
procedure of this invention; FI G is a schematic representation of a

field of svi gugt bag aggbﬁd;\aggire@qgg%{ g@nb rlné?%of Flg’ q-med particle detection

chanber in the sanple h $ a schematic
representation of a field of view that could be detected in the rare

event det ectFIGn28 Im‘eeeuonan view sial16 FIG! debut showing a layBFér BERYdrBRIER PTI ON
OF SPECI FI C EMB % ﬁ C§ THE IN\/E LO\I 30 Referri ng now to the draw ngs,
abie gel'in the an

there is sh&dhap (FAMRLe & €".cont ai ner denoted general ly by
the nuneral 2. The sanple container 2 preferably has a | ength which is

cont ai nerit RS, 3 W e BRSO T BRPAIIRS o st Brentitity B8RE orgou o
be enpl diped-3 abltlGadil d al | ow mani pul ati on of the container 2 so as to

facilitate 6

scanni ng of Ighe ¢ontents of the several areas of the container 2. The
cont ai ner 5 Is a fragmented plan view of a portion of the device of FIG. 1 showing an

aiternative form of the rare event-detection chamber in the device;

15
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 hoider; and

25 '
FIG. 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 sample 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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provided with a cover 3 which covers the entire top surface of the

container 2. The sanple container 2 includes a urine sanple well 4 into
whi ch the urine sanple to be anal yzed is placed. The well 4 can be
sized to contain about two ml of urine, for 5 exanple. The urine sanple
well 4 is provided with a plurality of urine flow passages 6, 8, 10 and

12 which lead fromthe well 4 to various urine receptor chanbers in the
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detect and quantify forned conponents which may be found in the urine. Such

conponents include white blood cells, red blood cells, bacteria and
crystal s. Thme of therohambers it4ihcannectes todhewassage® and tcottainsa iminiaturized
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to the passage 10 and is used to detect rare events such as casts in
the uri2e sanple. The manner in which specific rare 35 events are detected
in the chanber 22 will be set forth in greater detail hereinafter.

7 A second anept thachambiers:ehis conBigcieddathe passacsB ard issusaddoachi eved
by counti ngieédtlantifuabtify 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 fluorescence 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 blood cells by the marked
difference in the size of bacteria as compared to the size of white blood celis.

A third one of the chambers 22 is connected to the passage 10 and is used 1o 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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m croscopic-field and determ ning anal yte concentration in the sanple by

I denti fyi ng the volune of each field exam ned. The area of each field of
view is a known constant, and the height of each field of viewis
proportional to the fluorescent signal 5 emanating fromthe field of view
and can be neasur ed. FIG 2 shows the preferred-configuration of the
chanber 20. The chanber 20 I ncludes a bottomwall 24 and side walls 26
and 28. A transparent cover 30 is positioned in the chanber 20 at an
angle so that one edge 32 is closely adjacent to 10 or contacts the bottom

W]?:c | t24f of tA{“?fQE@tatmémaﬁtlioanf ua]gmgﬁatm tedngéarélhchfe}lﬁb&‘)y counting andfteéssper-

(0] set- Tromt.he Ot, ol . e er .2 assa

"t o the ohaigBsceRcRBIbard deterBnid Suis ke tatohn 8RB yid g,

the charrm?ae valOmeadfeachiieldexemminéd. Thd aréd bf eachplield of viemdsghknown he | ower
tion 36 t

125 oot A50SHE By Bl 05 BSH SO 1 U AR S, °

uri ne sarfpl emdnatihg from the fiabd;otvwwanmmartbmmeasur@aer si de 38 of the chanber

section 36 will be nore thinly spread out than the portion of the urine

sanpl e which is p05|t|oned in the bro si de 40 of the chanber
section 36. Fide2sbaystheprefereed W’EEH@*@"&‘ the,eharnber 20y bhre chamberger

section 36 ahdiss & betterAWalE24 and Sidetwiiisemb antes. aActvarreapsaEem@mersn is20
sanple field thi cknes whi.t.e

o ond ol |  PosBgReR Fomehamber 20 4 2 anie, so that SeSide 52 is Jasky Bualiit s, o
health, i dﬂ%@hiab&iherboaomaﬂ 246t theshambeP20ndTtheadppdsite abye B4 ;of Rudber t

Coronent s §vaba0, Kt oMM potarm e 24 6B EndRiosk 260 Hheassdds § foeds
necessary t dntortbe chiamber 20 belom iirercavend0 se thatmrinemwilh betadmitied inip the dynam c
range. If t %aﬁﬂfeﬁ' 6 'Hefdv# the coVé? ﬁ@??ﬁ%ﬁ rﬁ%féé)ﬂ"&@@ﬁ H‘Ye loWer sBékior! 86 ¥t

will be diffic 10 enunerate, ey are too densely
| ocat ed, t hdheshamber2Qy vl beAgtegthat th&d@vv@r sqqtleiy BB ot the Chambere2l ist yi ng

and enunefsatésﬁenfalﬁlwedyeaéh apellsd that mucdbrﬁbrpel the'tiine. saﬁ@;ﬂe@iﬁdﬂsl ve 30
aut omat ed anal ysi s ere shoul d b np culﬁi?
where they POS Beqdﬁ [q.yberq!qP§$8£}hqp ﬁ%ﬁr %3§H’(Iﬁﬁﬁrﬂ‘?rﬁé 8% 01 une,
tpe anal yfj | cpreadheutithan the portioh ohmeumelsamplag«vluﬁmdmsmdnedhnembrccadea set
of steppe
expect 28 r ark 3‘@%@8{0@?%"%’39%‘%@ ?%sop%f?ﬁéjﬁackhﬁﬁﬂ se. Thus,
a chanber hahambpes seetion a@atlaws:meesamnin te be siudied overoardynamlc range of
8 20 sam l@h@fdtthﬁkﬂeésooﬁﬁ%l%@m@scr ons at its thinnest portion, to

I C

about 200 mcrons at 1t kest portion so as to allow a 100 fold
dynam ¢ range of particul ate counts per

The normal range of white blood cells, red blood cells and casts in patients in
various states of health, is described in a text entitled: A Primer of Urinalysis; Robert
M. Kark et al; Harper and Rowe; (1966). The normal ranges of these components in

25 urine may be exceeded many-fold in iliness, so it is necessary to provide an
enumerating mechanism which has a wide dynamic range. If 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 cells 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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unit velune of sanple. 5 FIGS. 3-5illustrate details of two enbodi nents
of the structure of the rare event- detecti on chanber 22. Referring
first to the enmbodinent illustrated in FIGS. 3 and 4, t he chanber 22
includes a bottomwall 42 on which a water-absorbant batt 44 is

positi oned. Above the batt 42 there is positioned a fine pore filter 46,
such as a nucl eopore nenbrane filter manufactured by MIIipore Corp.

The filter 4 tﬂﬁumg%&ng mf@m&bﬁséﬂ&om[] 4 r\ﬂﬂnﬁﬁ@b@uﬂé@@nﬁ&oﬁ@hﬁs' s

nmounted in he water content of the

uri ne can M@@SWQG'OFWQ%?"O@'OM %6°gﬁ¢|€\£“amlc t9kge & pagiculatr coiAtE PEEont ent
of the uri pRit veime/dfidantpl@ck passage of fornmed bodies whi ch are

i ndicative of rare events such as casts. Initially, the water-absorbent

bat t | ayer 44 will be spaced apart fromthe grid 48 and the filter 46,

as shows i FIGS@-53llustfate details of twoseribydiments Oftheistraeture oftheirateoevdmt- chanber

through t ndefeRpd Enddot 2, ERieRting sy id 1R riBocinef (g S iEEMERS & dha b, Pass
latter to $heethambers2@includesr mttom wall 420N which @wates-absonbast batt 44i$ ne wi | |
be trapped g%w&ﬁﬁd f Ab&f‘é o \¥2 Mék'% @Wﬁe%ﬁﬁ{gaﬁefme%sﬁ udh”a§ Qe urine,

and becaus acenent on ] ect

exani nat i om\uaﬂeepw 'HGW@QQ&WFQS anutactered-ay Milkrare COfP Thy f('ﬁer!f‘ss'ﬁows an
al ter nagp V‘br@r SRpore By & ri ar%am%m%mdum mABkeBmbSr 22Nand  the

| t t t batt 44 t th d
oal s M&w@grw%gr SordSinad the Ptes pan nass 168 RS 4G dR0@I008 Vi 5 ¢ he
Eaf f alge 10 ,pasha’ge?.&f thetveaterf contént@f the Ufind ebut\mmrbldclobésSagetdmomeﬂabodigs t het )

a ayer 0 e
ot t om s Mtan ¥ fleBive & Bl eyens Sef 8 cadts! a0 iretiaBErbafy bt
Ref erring rayer#é will 08 specethapart frary theigtidsAdand theditter 461 asshownin Fig. iBon  of

th 0 t T.
55 nel g TERIfISERY. St lfng 6w RXG e diiniitr 22 Vig I DAGsagE 10/ U HSREDC
pr ef er abl yfltacmaamrmsamplewlbn@ﬁmgh therfijfter 46 apd he absorkediindpBsed on
t he bot t omywy r|4439h%sm thblhtléh&ﬂ@ﬁéll as sh&?n InTFIG wm&méd&fmﬁonhﬂmh thée

ey o b W55 o 5 e J 6 BB PO o wal R B W 12

di sposed i rarﬁlheoabserbbthe&aalaaemmImnﬁhaﬂnltewﬂ&ﬂhéﬁaregﬂb;ébt|tcs examindtiohand it
w |

substantlalquan}naf'?antheWStn%menEZ The top of the chanber 22 may be forned
by a transparent portion 112, which may take the formof a cover slide,

whi ch provi %f'-ows an éﬂ@%thare%bﬂairﬁ@ﬁm thé farb et ddtaonlctinter22¢ 1He! 9

I s observe ur.al

the alternatlve em%odlment 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 o 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
transluscent dehydrated gel 9 is disposed on the bottom wall 118 of the chamber
22. The top surtace 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 gel 9 is rehydrated, it will
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identifiable formed bodies 114 are pre-positioned on the surface 110 and
are used 5 to allow the optical instrunent 116 to focus on the top surface
110 of the gel 9 after the latter has been rehydrated, as shown in FIG
7. The formed bodies 114 perform two functions, one being to allow the
optical instrunent 116 to focus on the gel surface 110; and the other
being to confirmthe | ocation of the surface 110 when the I nstrunent

116 does noéub%mﬁlly’v‘ﬁlb’thefchﬁmb%@EEEd'h%QB?bf theedﬁamm zmﬁaybaffmd&% In 10
the latter case he instr.unment recor

b g anel yiEsparent BaOR 1. BAIRNAY 18Ke e i PLa over s EWhio RIOVARS i ||
be appreci avindowhiarough evhielt the top sudace 10 obite gel Xisobserved. W plurality ok to

w11 be. caganaRbls Bffied Pogat Pae Werisiiopsd R IR suHEEh 110 felliacl”
si nce t ey toidlibwribe optical istrumend d 16 to facuistondhg ddp surjage 910 Slthegsl 8 ajler s 15
nctude " PHKEAGTRr hs WaBF fofyirdielChs CAOIR T FIOT, ST A hodEstha BaERRSS

and gl ucose.
use in the twetfusetions. one beingtte ellew the aptisal instrument A6 t@é%'ﬁ@"tﬂh@ géf oduct of

Si gma Di ag “Qﬁfdcésl 10%% ey fother bé&ikg taBoRirieine! Iécai&ohro?'fﬁ’é 48¢4cY 110 @hen harked

sodi um pol yacr | S use

ate el oSsa | ape
e DO B R B ddes ot ens ahy Atier gt ConRBPRIR e hEIace ddBadf | on
C_harr})er 1%:2 tﬁadattéi%taiﬂy.&héIlrﬁathun%hthhaﬁigﬁrre&ﬁd hm_tb@ ufiﬁe‘@a berng analyzéd
S n e Cha er cqQn nln NEe. an avl n e var.i
ol ane. " aiesed SoBleih Rbi0BinBEn Bl baes N b ShtSinRauBal e Walf.
i ncl udes t heonstituedtbittie ariae wilk setvayte relSydiatetbe gel lajier @i and arbfoRmedr r i ng

back to FI %%njsmutehﬁs :ﬁ%’i@ Llﬁm?ﬁ)ilpﬁé c%ptmaéﬁ @Lﬁﬂe {op%luﬁgge 3 aﬁto?'iﬂ% ﬁeh@&%‘%@?ﬁev‘m |

52 into wh a port f awn

passage 12.gel Iayer hengs W@Véﬂ'ﬂ) Roblbe ehie tothenpiratesthgogl layre P Suitahlel Qég t he
physi ci afy tigchiad *PRYTAGELY Owhich is a?zbﬁfdrﬂn%dﬁﬂfnﬁ gRRuRInid E&dufﬁaﬂﬁ\o%% oe in

casefurther testln is indic I nspectJ on
o b T8 o cooriass s 2 gopd B RLIORESu i hbiateqtos
W t hdraw urgfrforméd corstitisnts, ‘DMsrmﬁisﬁthebr@dtmtefS mémagnaeucsa Ancileért e, or a

bi ol h
Col or i et r EtebRy gl i traeluoert e ket SERbrE o B e B T
general |y byisposable.diapers, Ad thenkkeatt slhnmabemtétbthasm fUncm]'wrnfahel ranee
ig”p' e 1Rt edent El%{&:ﬁbﬂﬁﬂaﬁ\ﬁelt ?? ﬁﬂﬁ"tﬁ@ﬁﬁé r 3b Falbe gambined into
can uman | nterven

col or onet r i @ §inGie M@q&qnﬁa!ning thqmba@d\glsndwaymm vesiablesthroughrplaget o t he
di pstick bYthIdkﬁeégés” EFIGn 2h BAoWS %’%‘?Fatléﬂ of the chaflter %ﬁkﬁlhﬁ ﬂ'{du)ﬂe%rtﬁé O(Vj

nor phorret ri cal | entla different types of forme
bodi es, Q%Vﬁ%teégéﬁav%a &?Poﬁﬁfjtt %fSlWe in the urine fraction in the

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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5 chanber 20 being scanned; and can coloronetrically andl or

nor phonetrically detect the occurrence of rare events in the urine
sanple in the chanber 22. The instrument 54 is designed to create and
store or transmt the inmages of the urine sanpl e bei ng scanned. The

I nstrument assenbly 54 includes a stage 56 which I ncludes clips 58
whi ch engage the sanple holder 2 and enabl es the sanple holder 10 2 to be

moved tr ansvemiaban,mithohEsnz_snmdnt\hxﬂnmnﬂemaﬁtucms cblmmemc@ny anaiyzé lise sarml e
hol der 2 ar Rever si,bl an be use

Lol ot vl v VirASROARS of the cqlfTS (BPBHSH o e Sibick b8 iFingd Hancrambert: Che
sanpl e hol deslobmetricdlly anda!mmemmetmnauydilﬁelemﬁam Eeﬂ\ﬁeandlffh!rei'ttl’tms@tns In

The: aut onat Torme8 gl infelirg BhBcfied I et BBRE i e Sind rhffbBdhe. 700D
canera 62 vehambens0 keing scanned; aadreanutdlorosetdealiyrandianmoghosstrically f ocused
upon the saggberhedcairente dﬁ%Fé agsmé 0 tha%raﬁgfgahgx@m ﬂ‘.ﬁe ng@?y The The

CCD canera 62 views and recor | mges o

plurality oinslymentehis designaddeceeat ﬁla@HtSt%\Pé twanswrtbeemage@oh @ Un!lewhl ch

are nount edsafipie b°eﬁﬁ §édrireldy The méﬁrﬁéﬁtbés%efﬂﬂlﬁ 54 indNRs o 4agbs whiehr ument
75 V\/m ch rect S

assenbly 54 al so i n_excit |on

an excitati9quY PP@HF%@&MS% engadethe sample H@Heg t@ﬂ%@@ﬂﬁes the sample

spli tt er1(642 &nbe niwetidransvegelydn she xtanaef difectivhk 23 thé coNnt6f the saimd Wave
| ength filt 'ﬁ'ﬁ@g&g?ﬁﬁ%&% are nounted on a selectively rotatable f| I ter

wheel 82. 2 h light beamis deflected by the beamsplitter 64
toward the focusing | ens 66, and is focused on the sanple hol der 2 by

the lens 66Re\Té]'%Ie élBétnbViﬁsti'é &Ean be ul‘é’QE ?c% ﬁelggt Wr&gteadrlv@’%c?{ws 68 o

sel ectively control and var e wave excCl

source, as QRRQsitgdiregtions §a ﬂ'lei WP'Q@G 2 canhe:randyesselie moved in the X
Ml T Opr OLesany YameLiens. o S manrephetniird Sorleni8 o the san bl ididér ggnt of

t he 30 | e hol,d t h t at t ,

operat i on HFATEA: The@uidmalk SBagiment ot insunant espemilk 54 ighides & ui | v
aut omfat iC ;J@@Ebtbamera@ whieh, by mieans ot abehmespliteb6y ahd lens b 8bt, ﬁ%cﬂ@&ﬂl of
si gni fi can al ysis
System and ¥ £6fterihl porions 1 e e nofbi St ThE GRS )
hol der 2 wi q:amgr@ Qﬂ wew&amdvmecwdg irpages obthe sapipie through a plurality of dm‘erent
11 20 emissi nVI@'h?Wa% i ite%%é’%raﬁﬁi 2 %vﬂl?ﬂ Jr&‘?ﬁ&ml%&bhyabgé@&w t or

lcﬁgrerLJ hgo rﬁﬁgb@r{ﬁ‘ggmﬂggb“ ash@fisbyment am§l§ ﬁigalgq) inludes; amemtalhgwﬂg h

pl ane, or 2ight IsﬁurobWS:Wh@ﬁ%urbbﬁtan/éidntaﬁoﬁ GHD beaeh Qﬂﬂhe samgié HolBérQhﬁl%i@h 20

to the ot hetrhe bTe%(ran gp itter %Htan%rthe ?tlac%rs%%t Ignst: Qe t66 aR senes o¥ excltattlon light wave
length filters 76, 78 and 80 are mounted on a selectively rotatable filter whee! 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 controller 84 is operable to selectively control movement of the

30 sample holder 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 sample holder 2 will be provided with one or more colorants
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5 .onto the surfaces of the chanber 20 can be an intracellular fluorescent
dye such as acridi ne orange, or astrozone orange, or any other col orant
capabl e of highlighting both living and non-living formed conponents
and which will enter target forned conponents such as white cells,
bacteria, and the like, and will differentially I|abel such conponents,
with the exception of crystals. Formed conponents, such as red 10 cells,
whi ch naturally contain pigment will be anal yzed usi ng wavel engt hs

appr opr i awhidhowilliecopergblgrtordifferhtiallyt highlighti or tabebtite formed icompoaedisor t he

ratio of glhﬂ.fifmay be¥knbEfd c}érb%% mﬁ‘%’?ﬁgﬁbﬁf%t Tﬁ%’Hﬁ%Pr?d&?cf Qé'?:ﬂ <€ the

chanber 2 us® any ric neasure
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orine sampot (g 8hd pBEAEERahde pOfrBheRS 8 WhiEh Pl ofitr *’assetear'nsge
extant, aecdmponhests,such ashwhiteccelispbactetia, andriherlikef andiwilkditfetentialihiabebr e

det ect ediglch com ﬁemslmm?e@&c% plgH P@y {éol Y ecg%ma%eﬁﬁgu&wggfa&a the

subject is ex er fé ion-or 1
procesd? talls, Mh%ﬂa'él !wqqs@@nmrna@ttwlQeanalmstt&mgawawalengmmr. ne sarrpl e

Cfeori onerprObriicHn B HigMeRt. "TRAShedluoh MRAFEmSsions AARraRe RN e
in the foreﬁﬂﬁe‘bgpmmyefoﬁfﬂﬁ‘l’r% compéqpeqtﬁhuna '%\F/hﬁ/\é%ak"ltkerr?gﬁp 3N ckness
Sﬁct I gn ng&ddittohblanotpmhwtnc’zﬁteabbﬂaments Jwaill %m@wge%%ﬁmﬁgmsﬁﬂﬁ%hwez 86 st
the cha e 0 t he .chanper

shown in Ef"t‘{a%&q'sﬁ%f @‘83?@5?@%5%5@?@ g%‘ﬁ egfyta[q.pé SMISSIPR WANE \g" |

wi || basl ilengtlys oomioephomatric feativies candie prepeignammeddnto thercoatrollert 8480 | f

LoeY 2 e that 96 RRGHWII fechifind M dieAe SH{iSsionSorIBaRHES inkt MPLCTBS rlfd

cells, ar e nunerated in
t he sect|@H §@m§FW§@°ﬂEHm%ﬁ¥ﬂﬁfaﬂﬂl s are relatively intermediate in
size, and their concentration is at least 10 fold |l ess than 35 that of

bacteria gy, dehsie, Wi hcinBhOS el Bhick odl Rk G0 5elehS) RopBrhBaib 557 ., o

best eo rm:unawewmmot the winet sanmplé Qvils indicatevnhetherlinterhat atiharyatract bideting/ el vy

| arge in ' t ' | | d I ess
?adggté ?n&"lfisé 16 What QJ&ERP fl‘?ésh&ﬂgélsoft a%é(ls %ata‘?éﬁggelc?ed( R

than that © erlaBln
t he sanpl dhewrine gample nerrtmtvmmg can gmwajatvmth\er the subject !s experiencing a
urinary tract infection or inflamatory process. The number and types of bacteria
detected in the urine sample 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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predet erm ned manner, and are smaller than other fornmed bodies in the

uri ne, thus when the i nstrunent scans the section 38, the CCD 62 will
detect any bacteria B in the section 38 by light em ssion and size, and
will transmt such information to the controller 84. 10 Li kew se,

when the instrunent 54 scans the sections 36 and 40, any white cells
WBC and red cells RBC in the sections 36 and 40 will be detected by the CCD
62 and tdyg paBe b lai i ' : iher
B, The oo DeteRiflefdia 5 AEhr b oiicS W ARHE Fﬁﬁ%ég’r R AT
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i dentified hyrdeheir |ight absorbence in either the Soret band at about
415 nm or the henogl obin band at about 560 nm White blood cells are
preferably highlighted with a colorant such as acridi ne orange, and
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of the cell MBI and the cell nuclei can be used as identifying

f eat ures.1025 FIG 10 illustrates the distribution of rare event
particles 90 which ma ‘tE‘e resent chanber 2 I S not efl t hat
lg%h: lIs

. . | h At s
the rare evddfewise w ejastiument %n Warﬁé}‘? gﬁﬁ!ﬂﬂsyae angdps%m} white gel
thr flﬁghoﬁt rr{)\i\!E*»O:eismmael {céﬂﬁ.RBClcl&nﬂiefsecﬂb' no86 ahd A0ywilt bedistested by the eovde:ta}1 s
In e Cha . : e n e
differenti alaq{go&éc\)ll\’ %?%ég&%%&w%gﬁﬁBéqg%lgﬁ\'@éﬁﬁttﬁé °§’H§?'P‘%$é‘nfr 4 scans
t he chanber ingtruraent scans phthe chamber20dvidl sShigprionideran absoitterfotaedbody taunt
det ect ed ; t; : ' .
Cranom t cay e (e Sampli AGH plgiels aré BEsiaaiRea by Ahen fignt dosortknee i,
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fl uorescence o . N 3,
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of u col oratrgbout 540 nmi and tteoytepladiic fmnpmewm_lmiresce:asabm lseeirm.ngheg
cel l ul ar ter. 1. Ll |- of. the
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will have such as the area of the cell cytoplasm and the cell nuclei can be used as identifying
features.
25
FIG. 10illustrates the distribution of rare event particles 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 controller 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 transmittance, their fluorescence
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the. characteristic |ight absorption of the red blood cells and the

nor phol ogy of a cast. Casts containing granular material will have a
conbi nati on of negative staining in the norphol ogy of a cast and a
decrease in |ight absorbence at all 10 wavel engths due to the presence of
the granular material. The container wll be provided with sone sort of
machi ne-readabl e i ndicia, such as a bar code, which the scanni ng

i nstrument aqgjh m%dwa‘v@lbr\ﬁtwbnd\fcblorérﬂk He’s&fbeifédgr?g“aﬂd i HEEI%elW@ﬁf g; the

vari ous chan‘nfzr nt) ﬁ'H g}é éé?e cront al ne are to
performed ©0Iqranty For e en%ﬁ%*&?@?@@@ﬂd\%@”&h’ﬁ@"@ﬂ%‘ of
the di scl osetichrsadhyatineast, wilhaoi absort anw of the mee&%nﬂerthUs will
ehart o bR BhBEEREF SR Slaragbut dobehCh e g P cast | "
14 5 coctainingwhite blood cells will have the characteristic emission of the granulocytes
combined with the morphology of a cast. A cast containing red blood cells will have
the characteristic light absorption of the red biood cells and the morphology of a
cast. Casts containing granular material will have a combination of negative
staining in the morphology of a cast and a decrease in light absorbence at all '

10 wavelengths due to the presence of the granular material. The container wili be
provided with some sort of machine-readable indicia, such as a bar code, which the
scanning instrument can read and which will tell the scanning instrument where the
various chambers are located on the container, and what tests are to be performed

in each chamber.
15

Since many changes and variations of the disclosed embodiments of the invention
may be made without departing from the inventive concept, it is not intended to limit
the invention otherwise than as required by the appended claims.

20
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1. A nmethod for perform ng anal ytical tests on a quiescent urine sanple
di sposed in a contai ner, said nmethod conprising: a) t he
step of providing a urine sanple reception chanber in said container for

orovi i ng a forned consti Luent. det eotion charber Mi\ll{mllL"IEHﬂldlﬂ'lllof
orned *

constituent detection chanber is operable to concertratet
constit uent(LAIMS:- fraction of the urine sanple and separate
such forned constituents fromwater in the urine, said

formed constituent detection chanber including a water absorbant
material which W hlethabsor FﬁMﬁ@tmﬂHi&l Msts 6H a lgiRssR BineCRARDI dibiiedd &f at he

urine . sa[H) e f({acti_qn Wwhich enters the formed constituent
det ecti on chanb&PPEAE: $id method comprising: not absorb any forned

constituents inajhe uhd &ep SAPRYRink AGkineOfmple receptioff khambe} BE sAid Bntiher for
transferring urine including any fornmed constituents in the urine from
said urine sanple rel&HtMs S8 & begxamigediect i on chanber; and

d) the subsegyent tigd &b of piRidigah ifoinewalofititleRt HEEctih ICAEMBRMHish FdrRey
f or med constifuents in the urine sanple so as to jisolate

formed constituents iCAPSHpENt feteption chamber is operable to gopgsytrate; formedcanstifisntg in &n
chamber . 2. A TREERObS iiRrurie kdngldiditepitat Wich Fetnell 06rsGtubits FoMWhARsGENt
uri ne sanple di sposeglmi n.a . cont ai ng{ sai t hod conpri sing;

a)  the step of pr ¥ iifgeid fopmed coustifysntaleteg PIOPET &N @ VH{erahpqybant
cont ai ner for material which &G abdoft0esSerfiaiBphly oDihe Udiddohdtinkeat eXMETuRRAE

b) the step of providi a fqorned constituent isolation chanper ichis
operabl e to Sam]ge ?rg‘ft’é’Bi qﬁ‘cggel"?rst ﬂE&?FB‘FSE%HSt“HE‘F e ?FHHE“G&P‘:’M(‘}%]

i sol ation of vari ous nbribsebl aofofiddicomstiints in the urine sample frabfingh nay be
present in w dely var |sg%0?ﬁg€?nt.ratlons 1N a fractéon of the urine

sanpl e fromeac oth steriing wivg ingludiperagy formed sonstituenimytae wie fm
i ndi vi dual | y exam nedaid orifdsampleatceptionrchahiberegaid detection chéthber; antihe st ep of

transferring urine froomsaid yrine sanple receptiop chanber {o_.sai

i sol ation chanb&t: af su%sequenlgoﬁtep °tsts%“§ﬂ%svéa§%elﬁt t BHe PRl Fpmy ?%e‘\ilvater
in the urine sanpl e ktomstituehtdinntbe urine sample so as to isolete farviet Wenstitients irt the uring ne
sanple so as to isol ate forned nstituents in the urine

sanple in said isol atgéncl)?\le Wgﬁﬁsé’?a%m chainber

15

2. A method for performing analytical tests on a quiescent urine sample disposed in a
container, said method comprising;

a) the step of providing a urine sample reception chamber in said container for
receiving a supply of urine to be examined;

b) the step of providing a formed constituent isolation chamber which is 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 chamber;

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

d) the subsequent step of separating water in the urine sample from formed
constituents in the urine sample so as to isolate formed constituents in the urine

sample in said isolation chamber.

15



3. A container for use in performng analytical tests on a quiescent
urine sanple, said cont ai ner conpri sing: a) a urine sanple

recepti on chanber for n L Vi y of urine to be exam ned,; b)
a formed constituent i 4@";’,1’@“&%&@@ ich is operable to facilitate the
opti cal ete tical isolation of various forned

constituents which nmay be present in wdely varying
concentrations in a fraction of the urine sanple from each
other so that the isolated for rreggﬁpnst i tuents can be, individual I){ exam ned
in the isdati dh “EHaRFlr ussingreriogning; Ayt fstsr one & SRISSSS I inee SIS Spid
separati ng container comprisid@t €r in urine fromformed constituents in urine;

and c) a urine fraction transfer passage extending from said
urine sanpl e r éept iadHine sample reception chambpr-fapreserfipg 3 sipalyiod yring tp be cxaminsler .

4. A containgr fqQffolsd dofstid@nf R61ERAGThATEYr ¥hichas ofeRibleSto FatilRatd WheCsptigdlt
uril ne sarrpl e, sal cont al ner conpr|] si . a. urine sarrpl e

d :
reception chanber f dletertitetnd; opjice] §Q}ﬁfﬂ“y°%\'aﬂggﬁ framed, c%?lé‘?%‘ﬁ‘héﬂ‘ may be )

a formed constituentprékgitas widly SHHRP QoncittaGibns! it aFRRfiGDbRhE ArifOBHHN fréhe
f or med constituents 1n a fraction of the urjne %arrple and

separat e such f or mecach otber so that the isolated formed rangtitiients 5aq hiaindividuplly pramiied e

sai d formed constit ugkie ish{tRA chabes Raidheation chamber containing téknk BH sBghratingat er
absorbent material which wl|l abéorb essentially all, of the

wat er constituent of"a§idn wmefomyioppedeopstifients &g ¥ enters the formed
constituent det@cti aumitafidetion aatsiy passage lextaifind Bomngsid OrfinEEshnpld sdebptisgnt S

in the rine s | e fracgtion; and C) an open urine
fraction transfer pa@%‘gbeét‘b%ﬂ‘@gfg?%" " said urine sanple

recepti on chanber to said detection chanber. 5. A container for use in
perform ng anal ytical tests on a_.qujescent urine sanple, said .

Bont ai ner onpr SPRENS BEPRIR BEERInE AV HGHL (eS8  roh KT n el goid
operable to contain€rdmprisingtt € f ormed constituents in the urine sanple and
separate such fornmed . constituents fromwater in the urine, said
Formed constt Bant  dHFEe e BReRR arihes of RRMaE £hupb) gk iindto bl Branifie

mat eri al which by | | afosmedroasiment detdctign elamberf whitteis \opdrebile toconbentrate iforened
sanple in the formed constituent.detecti @n chanber.and, will nat ,ahsorh any
f or med const i PR H{egsi may acﬁi 1 noé' t@g rﬁﬂng sample and separate such l}gr?neg

16 constituents from water in the urine, said formed constituent detection chamber

including a water absorbant material which will absorb essentially all of the
water constituent of the urine sample fraction which enters the formed
constituent detection chamber and will not absorb any formed constituents in the
urine sample fraction; and

c) an open urine fraction transfer passage extending from said urine sample

reception chamber to said detection chamber.

5. A container for use in performing analytical tests on a quiescent urine sample, said
container comprising a formed constituent detection chamber which is operable to
concentrate formed constituents in the urine sample and separate such formed
constituents from water in the urine, said formed constituent detection chamber including
a water absorbant material which will absorb essentially all of the water in the urine
sample in the formed constituent detection chamber and will not absorb any formed

constituents in the urine sample.
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