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bottleneck. The numbers of therapeutic targets being identified and lead compounds being

generated far exceed the capacity of pharmaceutical companies to conduct clinical trials as

they are currently performed. Further, as the industry currently estimates that the average

cost of developing a new drug is approximately $500 million, it is prohibitively expensive
25  to develop all of the potential drug candidates.

The pharmaceutical industry is being forced to seek equivalent technological
improvements in drug development. Clinical trials remain very expensive and very risky,
and often decision making is based on highly subjective analyses. As aresult, it is often
difficult to determine the patient population for whom a drug is most effective, the

30 appropriate dose for a given drug and the potential for side effects associated with its use.
Not only does this lead to more failures in clinical development, it can also lead to
approved products that may be inappropriately dosed, prescribed, or.cause dangerous side
effects. With an increasing number of drugs in their pipelines, pharmaceutical companies
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biological markers correlated with most other diseases have yet to be identified. As a

-

result, although both government agencies and pharmaceutical companies are increasingly
seeking development of biological markers for use in clinical trials, the use of biological

25 markers in drug developmextt has been limited to date.

~ There is a need for a biological marker identification system that is capable of

sorting thmugh the vast amounts of information needed to establish the correlation of the
biological markers with disease, disease progression and response to therapy. Such a
biological marker identification system is described in United States Provisional Patent

30 Application Serial No. 60/131,105, entitled "Biological Marker Identification System", filed
26 April, 1999, and in the commonly-owned United States Utility Application filed
concurrently with this application, entitled "Phenotype and Biological Marker Identification
System," both of which are specifically incorporated herein by reference in its entirety.
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bead in the blood sample in order to determine the concentration of each soluble factor. It
is possible to perform multiple assays in the same sample volume by using multiple bead
25  types (each conjugated to a different primary antibody). In order to identify each bead type,
the different beads can have distinct sizes or can have a different internal cblor, or each
secondary antibody can be labeled with a different fluorophore.
Although preferred embodiments of the invention use antibodies to detect biological
markers, any other detection molecule capable of binding specifically to a particular
30 biological marker is contemplated. For example, various types of receptor molecules can
be detected through their interaction with a fluorescently-labeled cognate ligand.
The raw data from the MLSC instrument is processed by image analysis software to
produce data about the cell populations and soluble factors that were the subject of the
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incorporated herein by reference in its entirety, describes in great detail the use of MLSC in

many different applications. The system is capable of providing robust and consistent assay
25  data, even in assays where prior art systems are hindered by variability among donor
samples. Applications include the use of MLSC to measure cell-type population changes
and soluble factor changes during disease progression and during therapy. For example,
MLSC may be used to identify novel biological markers for multiple sclerosis and
rheumatoid arthritis.
30
Summary of the Invention _ _
The present invention provides an improved system for performing Microvolume
Laser Scanning Cytometry (MLSC). The system is termed the SurroScan system. It
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Descri pti onnwsqaﬁremrapger@ym GURE | illustrates the optical architecture of
the MLSC instrunent in one 15 preferred enbodi nent of the invention.
FIGURE 2A is a part| aI Ci rcwt di agram of a switchable filter scheme.
FI GURE 2B BiieEDes fd quEes di agr am of a switchabl e fllter scherme.

FIGURE 3 is a f#@@tﬁ?ﬁtﬂl&&a{e?ﬁ\ i aP ARG s SR §§?§a%{§§n strates
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FIGURE 2B is 2 partial circuit diagram of a switchable filter scheme.
FIGURE 3 is a flowchart of the SurroImage process.

FIGURE 4 illustrates schematically one file storage embodiment contemplated by

20 the instant invention. N channels of data are stored in an interleave format into a binary file
designated with the extension, *.sm1. The header was chosen to allow for a variety of data
formats.

FIGURE 5 is a flowchart of the baseline analysis process.
FIGURE 6 is a flowchart of the cell detection process.
25 FIGURE 7 illustrates the noise analysis process.
FIGURE 8 is a flowchart of the MASK generation process.
FIGURE 9 is a flowchart illustrating the 8-point Connectivity Rule for finding cells.
FIGURE 10 illustrates some possible types of cell analysis contemplated by the
instant invention.

30 FIGURE 11 is a plot comparing gaussian fit algorithm to diameter-moment
calculation. Images: Each point is average diameter value of those particles detected from a
1000 particle (cell) artificial image with RMS noise equal to 250 counts.

FIGURE 12 is a flowchart of the informatics architecture of the SurroScan system.
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PSA and pro e‘-cancer
-include cholesterol, PSA, CD4 T cells, and viral RNA. Unlike the well known correlations

between high cholesterol and heart disease, PSA and prostate cancer, and CD4 positive T

20 cells and viral RNA and AIDS, the biological markers correlated with most other diseases
have yet to be identified. Asa reshlt, although both govemment'agencies and
pharmaceutical companies are increasingly seeking development of biological markers for
use in clinical trials, the use of biological markers in drug development has been limited to
date. | _

25 As a non-limiting example, biological markers are often thought of as having
discrete relationships with normal biological status, a disease or medical condition, e.g.,
high cholesterol con'elatgs with an increased risk of heart dise_a_se, elevated PSA levels
correlate with increased risk of prostate cancer, reduced CD4 T cells and increased viral
RNA correlate with the presence/progression of AIDS. However, it is quite likely that

30  useful markers for a variety of diseases or medical conditions may consist of significantly
more complex patterns. For example, it could be discovered that lowered levels of one or
more specific cell surface antigens on specific cell type(s) wl_ien_ found in conjunction with

elevated levels of one or more soluble proteins - - cytokines, perhaps - - is indicative of a
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Addi tional ly, markers a/ be identi nparing, data in various data
1

cat egor i esdisesmes abpyandndiyidpal; Examples °fdﬁaﬁf"é?eé?ﬂ°sﬂ’(§? i thg presepinvention o
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instant . application, ternmed the Surroscan sys em is an exanple of a
bi ol ogi cal lgg in the biological fluid of an individual, numbérs and types of soluble factors in

the biological fluid of an individual, information associated with a clinical parameter of an
individual, cell volumetric counts per ml of biological fluid of an individual, numbers and
types of small molecules in the biological fluid of an individual, and genomic information
25 associated with the DNA of an individual. For example, a single data category would
represent the concentration of IL-1 in the blood of an individual. Additionally, a data
category could be the level of a drug or its metabolites in blood or urine. An additional
example of a data category would be absolute CD4 T cell count.
As used herein the term "biological fluid" means any biological substance, including
30 but not limited to, blood (including whole blood, leukocytes prepared by lysis of red blood
cells, peripheral blood mononuclear cells, plasma, and serum), sputum, saliva, urine,
semen, cerebrospinal fluid, bronchial aspirate, sweat, feces, synovial fluid, lymphatic fluid,
tears, and macerated tissue obtained from any organism. Biological fluid typically contains



I dentification system As used herein the term"data cat egory means a type
of nmeasurenent that can be discerned about an individual. les of data
cat egori esWOSLP8BL i n t he present invention 20 include, W"%Wé bt 1inited
to, nunbers and types of cell popul at§ ons and their associated nolecules in
t he biological fluid of an individual, nunbers and types of soluble factors
in the lekm ﬁﬂim asfdcittedl midleculles] sotlibie £ictats, snalifmaleoaldsand mmbmw th a

clinical parg er of an . i.ndivi cel| volunetr count . of )
bi ol ogi c§D°‘?q‘E| ﬂﬂ%‘ad‘h‘éﬂd‘naﬂﬁﬁ%’@?‘:‘mg “Fﬁt}’ﬁé '5‘?”%31‘ I’Itd‘fecul es in
the bi ol Q&dﬂ?hvﬁbﬂb@n@ém&i&&iwhahﬁﬂﬁﬂleuﬁleﬁ mem@nmma‘sthpa&,lm%

associated wth the DNA of an,individual. For exanp 3 sin dat a

cat egoryWéPfSF’éB?@é’EﬂWWWé'%rﬁ!%?ﬁ‘FWWVSPWQmF & an
| ndi VisdU3{emgr( gf dnitig aﬁébwle&egatﬁodfs%eﬂmgno&&u,&umwa%&w@hm& a drug or

its rretaboﬁmtes I N urine. An additional exanple of a data

cat egory WFQHMMMW&@P°%WW&W*%e term
" bi ol | but t
i ol ogi g u@gggggf |nc &“%t%dékﬁ%?ﬁ& afd' BtefddGRoledulis|abidbiated wifh but no

limted to, | eukocytes prepared by |ysis of

red bl oo@mumwkp@mm@nmwummmmwm self, sychas gytokined serun) ,
sput um F&ags er, |chidehh gﬂﬂﬁg pirate,

sweat , fégiéﬂs\&?essy%gi\?:bgfse? ul ,’chyriag go?iéi Jé tg?al?s an%&#ﬁ%zrat ed tissue
obt ailfed ifectionsdigeasesgani sm Bi ol ogi cal fluid typi cal I y contai ns WO 01/ 08081

PGT/ US00/ 1113 th8 Bl I | e factors, .
smal | nol ecul ég edgl%l'étl%e Su Q@%O(?ggﬁgﬁi ood E&o? e pre erred bi ol ogi cal
flui d i nchiracteristive rThecharhcteristicsmap includé themtms an(FlGlthOf ane, two, thrasetli | y

avai | abl & BOCEARE I ANIR! slLLE Pt bbUP Bore e Aol SRIARS crl 1 P2 L

from pr&Hf mar r OW’ over I'S responsive to antigenic
chal | engmﬁﬁmbemqmpﬂaﬁomdngeqerﬂﬁomaddymntmﬂmmmgwlecﬁlesmbesusedant rally

I ocat rcu nd ten hout the
body 1561 SbTbe bRk S Soi{AmerBRatch el pohminiah ¥l RIRE R GH M2
mol ecul esnd héttaethe protéin lewel Iﬁeeell mdlaﬁacasaatbedemeldegmhe,swamnmeat ed with o
I ndi vi dual ,ce 0 cont uble factors that are both self,
such as &R‘?Fﬁieﬁeény °§EH@%§?’%§,"@%&E§ nfﬁ%%?e proteins, etc., and foreign,
such as chem A@hxﬁedaﬁfbupme dsmt"aemaissddi)atechheleeuw'uﬁeads mﬂsoulé\moﬁneﬂ herei n
the term"cell ul.ati on neans.a. set
charact e I”T‘glﬁ ('GB dnclydes, byt is F‘P@PI"E‘? tﬂ‘aﬁ “?WB"I‘TJ'&%I sf‘ﬁgced?g ‘é‘“??em%ﬁ | evel of
one, 20O prtéihe @lyebprofdiis Hipidy, hndPflFedlipidh;cD) exairsic\cel surfite fidlecales suchiag, t wo or
nor e ceII aSSOCIated nmol ecul es can

cytokines bound to their receptors, immunoglobulin bound to Fc receptors, foreign antigen

bound to B cell or T cell receptors and auto-antibodies bound to self antigens; 3) intrinsic

internal molecules such as cytoplasmic proteins, carbohydrates, lipids and mRNA, and

nuclear protein and DNA (including genomic and somatic nucleic acids); and 4) extrinsic

25 internal molecules such as viral proteins and nucleic acid. The preferred cell associated

molecule is typically a cell surface protein. As an example, there are hundreds of leukocyte

cell surface proteins or antigens, including leukocyte differentiation antigens (including CD

antigens, currently through CD166), antigen receptors (such as the B cell receptor and the T

cell receptor), and major histocompatibility complex. Each of these classes encompass a

30 vast number of proteins.
As used herein the term "soluble factor" means any soluble molecule that is found in
a biological fluid, typically blood. Soluble factor includes, but is not limited to, soluble

proteins, carbohydrates, lipids, lipoproteins, steroids, other small molecules, and complexes
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As used herein the term "clinical parameter" means information that is obtained in a
clinical setting that may be relevant to a disease or medical condition. Examples of clinical
parameters include, but are not limited to, age, gender, weight, height, body type, medical
history, ethnicity, family history, genetic factors, environmental factors, manifestation and
categorization of disease or medical condition, and any result of a any clinical lab test, such
as blood pressure, MRI, x-ray, etc.

As used herein the term "clinical endpoint" means a characteristic or variable that
measures how a patient feels, functions, or survives.

As used herein the term "Microvolume Laser Scanning Cytometry" or "MLSC" or
"MLSC system” means a method for detecting the presence of a component in a small
volume of a sample using a fluorescently labeled detection molecule and subjecting the

sample to optical scanning where the fluorescence emission is recorded. The MLSC
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As used herein the terms "dye", "fluorophore”, "fluorescent dye", "ﬂuorescent
label", or "fluorescent group” are used interchangeably to mean a molecule capable of
fluorescing under excitation by a laser. The dye is typicelly directly linked to a detection
molecule in the present invention, although indirect linkage is also encompassed herein.

25 Many dyes are well known in the art. In certain preferred embodiments, fluorophores are
used which can be excited in the red region (> 600 nm) of the spectrum. Two red dyes, Cy5
and Cy5.5, are typically used. They have emission peaks of 665 and 695 nanometers,
respectively, and can be readily coupled to antibodies. Both can be excited at 633 nm with
a helium-neon laser. Sets of 3 red dyes that may be used include, Cy5, Cy5.5 and Cy 7 or

30 Cys, Cy5.5 and Cy 7-APC. See, also, United States Provisional Patent Application Serial
No. 60/142,477, filed July 6, 1999, entitled "Bridged Fluorescent Dyes, Their Preparation

and Their Use in Assays."



No. 60/097,506, filed 21 August 1998, entitled "Laser-Scanner Confocal

Ti me- Resol ved Fl uorescence Spectroscopy Systent, and United States Patent

Appl i cati on womi/eses8No. 10 09/ 378, 259, filed August 20, 199PCTaAISO0/1113d
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each of which is incorporated herein in’its entirety. Laser scanning
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dyes are well known _in the art. In certain preferred enbodi nents,
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(¢) an integrated informatics architecture for multi-parameter assay design,
instrument control, final data analysis, and data archiving.
The current invention provides significant improvements in several keys aspects of
25  the operation of the MLSC system: a) the MLSC optics; b) the MLSC system control
electronics; c) the image display and-analysis algorithms; and d) the informatics
architecture. The instant invention also provides improved methods for image display and
for data conversion to an industry standard Flow Cytometry Standard (_FCS file format).

30 MLSC INSTRUMENTATION
The SurroScan system provides significant improvements in the optical architecture
of MLSC instruments. Previous MLSC instruments have typically been able to detect
fluorescent signals in two channels, thereby limiting the number of analytes that can be
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scanned angle at the mirror to a specific field posmon at the focus of the microscope
20 objective. The +/- degree angular sweep results in a 1 mm scan width at the objective's
focus. The relationship between the scan angle and the field position is essentially linear in
this configuration and over this range of angles. Furthermore the microscope objective
focuses the incoming collimated beam to a spot at the objective's focus plane. The spot
diameter, which sets the optical resolution, is determined by the diameter of the collimated
25 beam and the focal length of the objective.
Fluorescence samples placed in the path of the swept excitation beam emit stokes-
shifted Light. This light is collected by the objective and collimated. This collimated light
emerges from the two relay lenses 14 and 15 still collimated and impinges upon the scan
mirror which reflects and descans it. The stokes-shifted light then passes through a dlchrow
30 excitation filter (which reflects shorter wavelength light and allows longer wavelength light
to pass through) and then through first long pass filter 17 that further serves to filter out any

reflected excitation light.



popul ations, such as naive T cells that express CD4, CD45RA, and CD62L. The
I nproved 5 SurroScan instrunents of the instant invention are capabl e of

det ecti ng atwoaaesesf our separate fluorescent signals, therpemused/ites ng t he
use of at |east four separate fl uorescgpt reagents in a single experinent.
One enbodi nent of the inproved optical CTonfiguration is showm in FlIGURE 1.
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o7 D o REaHAR il Mo Bluckdflors ¥y titstHuotedbenlld SEABREAS A pHBE el | 11

+/ - degree angul ar sweep res S | ve's
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li.ght then _passes. thr Qgﬁghg}a? dL{chr oic 30 excitatioon filter (which reflects
shorter wafereiegelreireny yolteges ks sPpplgd At frawe igtgrals by aranalog & gigital
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filter out an € i ght .
The i ﬁ&ov'MﬂEP hEEstanhventioniarenaged Cg‘m‘@rﬂ’ iloh 280lén uses a series of
further In order for meaningful data to be obtained using a single excitation wavelength—

e.g., 633nm from the He-Ne laser--dyes are needed which can be excited from a single

excitation wavelength and which emit at distinct, minimally overlapping wavelengths. For

a three channel detection system using a He-Ne laser, one suitable triple combinations of

25  dyesis Cy5 (emission peak at 670nm), Cy 5.5 (emission peak at 694nm) and Cy7 (emission
peak at 767nm). In alternative embodiments, allophycocyanin (APC) is substituted for
CyS. Because the absorption peak for Cy7 (743nm) is far away from the wavelength of the
He-Ne excitation laser (633nm), Cy7 would not normally be considered by those skilled in
the art to be useful in a He-Ne excitation system. However, the present inventors have

30 found that Cy7 can be adequately excited at 633 nm for enumerating specific cells in whole
blood. This excitation likely results from the presence of a long excitation tail, as described
in Mujumdar, R. B, L. A. Emst, S. R. Mujumdar, C. J. Lewis, and A. S. Waggoner, 1993,
Cyanine dye labeling reagents: sulfoindocyanine succinimidyl esters, Bioconjug Chem.



dichroic filters to separate the stokes-shifted light into four ihifferent
em ssion bands. A first fluorescence dichroic 18 divides the two bl uest
fluorescenyeoamets fromthe two reddest. The two bl uestPCFAISOVHIre then
focussed onto first aperture 19 via gfirst focusing 5 lens 20 in order to
significantly reduce any out-of-focus fluorescence signal. After passing
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by an andrfetpnesindhels snfirety.converter in order to determine pixel intensity
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exci t at i gh047ninekyitatios lighty férmuitiphotorpfhesesneree efcitatibong excitation tail, as
described in L .U r. .R..B. A Ernst..S. R. Lundar, .C. J. Lew s,
and A S. Mg%é@ﬁﬁwo%ﬁ*ﬁglg%ﬁng%opH@sep@%%%mgpsegfﬂufoi ndocyani ne
succi ni msepskateciatiiels, tHsi optical jarchitédnaeherein disclosed allows for the design of

instruments with an even greater number of channels.

25 In preferred embodiments, the sample to be scanned is mounted on a stage that is
automatically translatable in the X, Y and Z planes. . The galvanometer driven mirror scans
the excitation beam in the Y axis; the stage moves the sample in X axis at a constant
velocity. The sample interval of each analog to digital converter multiplied by the swept
beam rate determines the pixel spacing in the Y axis of the image. The X stage scan speed

30 divided by the line rate determines the pixel spacing in the X axis of the image.

The stage not only scans an individual sample in the X axis, but can also shuttle
many samples to the microscope dbj ective. In this way, many individual samples can be

sequentially scanned by computer control without any operator intervention. This will
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int he28( %4 {igle.oilotopgratlog?nqgr'vention is needed while the plates are scanned and the images are
processed. As an alternative, 16 individual capillaries designed for the Imagn 2000
(VC120) are loaded into alternative holders.

The Z motion of the stage provides a means to place each sample at the focus plane

- of the objective. The Z motion can also be scanned to allow acquisition of a stack of focal
25 plane images for each individual sample. The optimal focus position for each sample can
be determined from this scanned Z image, preferably by the computer control system in -
order to avoid the need for operator intervention. Furthermore, the optimal focus can be
.determined for the two ends of the sample. While the sample is scanned in the X axis, the
stage is moved at a constant velocity through the focus difference between the two ends,
30  thus correcting for any tilt that may exist in the sample or fixture.
The scan rate of the laser beam determines the amount of time spent integrating the
optical signal at each pixel; the longer the integration time, the better the signal to noise
ratio. The scan rate is also proportional to the throughput rate of the system. Previous



The stage not only scans an individual sanple in the X axis, but can al so
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capi f ar Fxseemgbecauge it a) msmtspbmwmmferwhm@ﬁet% maumhu le the

pl ates ahfere‘i: tive, 16 .
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t he opt i pwividepe nevet switdhable filter scheme that is incorporated into the analog processing

circuitry. Low-pass filters are commonly used to pass the signal of interest, and to reject
unnecessary high frequency noise that is created by the measurement process. In the
SurroScan system, the optimal filter bandwidth for each scan speed is different, and is
25  usually proportional to the scan speed. In preferred émbodiments, at least 2 bandwidths are -
provided for each channel by the switchable filters. In especially preferred embodiments, 4
bandwidths are provided. FIGURES 2A and 2B show a circuit diagram for a switchable
filter scheme that provides bandwidths of 4, 8, 12, and 16 kHz (corresponding to the
" optimal bandwidths for scan speeds of 64, 128, 192, and 256 Hz respectively). In preferred
30 embodiments, such a filter bandwidth switching scheme is associated with each
photomultiplier channel.
Thus, the present invention is a significant improvement over prior art MLSC
systems because the system is optimized in two separate ways: 1) the scan speed of the
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cr eate@bﬁ%%‘é&ﬂ?‘é%? PPEECEs. In the SurroScan system the optinal
filter bandwi dth for each scan speed is different, and is.

OIMAGE IMAGE ANATL YSIS SOFTWARE
-Image processing is a critical requirement for laser scanning cytometry. An image
processing program needs to handle multiple binary images, representing different spectral
25 regions of a cell's or other particles fluoréscence (channels); it needs to determine the
background fluorescence level in each channel; the overall noise in each channel, such that
it can enumerate cells or other particles from noise; it needs to ignore extraneous signals
such as bubbles, dust particulates, and other "blob" or "grunge" sources; and it needs to
characterize each recognized cell or particle to report parameters including, but not limited
30 to, weighted flux, size, ellipticity, and ratios and correlations between the signal in other
channels at the same location. The SurroScan system includes an image processing and
particle detection system, termed the Surrolmage system, that meets the above criteria and
outputs the resuits of the analysis in a text list-mode format.



25 usual l'y proportional to the scan speed. In preferred enbodi nents, at

| east 2 bandwi dths are provided for each channel by the sw tchable
filters. |WOSB/0881 al |y preferred enbodi nents, 4 bandw dPEHEUSMELEBovI ded.
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opti mal bandw : .
respectively) ’%“E%%%?%%@’%@%ﬁ'ﬁ@%ﬁg ;fsgel%%%ges#%? @%%%ﬁﬂdt h

of gawithotbe hinexy dile k
swi t chi ngfosmdtcheginningaxiththe bi imagdinmut dite (.spil) totent listqiode outpttfile(dsm) Thus,
t he preseng&ngr&?ing&d cgs&img%'{lﬂie ant ia.[%xr-i verrenqgve?v?iG 'grd ar}st M.SC
oysters DARACES Syktuinte Shrriiun Sh- s ity el e scan
speed o _ . e b s o optimze
t he sijgnal 0 npi se .ra{l\i7 . 12%’ {ﬂ% bandwi dt h ot actl)ﬁ nal o fil.ter at each
si gnal” cH B qesenppian gﬂ% S %‘WF’H@&’ Fﬁ‘%@“ﬁ g‘%?"gegléq %%oi se
111 Gl ency ol Lhe Mo nat it ot oy e Lo o e e e T ea enbadi ment s
efficiency o [ nt and system referr enbodi nment s
of the ir‘é‘?‘ﬁ?ﬁe"f"ﬁ\/@ﬁ%%&ﬁé;fﬁﬁ’ §rs» %@E&Yg{#&ﬂf‘ﬁ’ﬂ‘g q'gf)anolwi dth of
t he Surr cSumlimspéshstem ¥ eonttaiphited fofGseli® inyoaibbdidaent bEMLSC describyd inftBé | S

performed._ These variables_are stqred_ in a clinical, protocol database (see

bel ow) wHirioRag.dpcluding butnot limited o, hesmbadiments desceibedipUnited $talsen an oper at or

| at eryechagsasiohd? Phtdit AfiflicHRNBeri@NG$0AIRL 05 entifled "BislopRYl Mardktr | S pOSsi bl e to
have many different assays  present on the sane 10 stage; t he conputer can

aut omat i ddentificationSystepy, and in the sommenly-awvned Unjted States HulbityoApplisation filed ¢ of
settings dRburRAGwith s s'pgnlmoa, &Ha Bheitife mADidibALd MAkG AdntifibRiohne

flexibility ofthe SurroScan system Note that all the enbodi nents

“descri bedBYi¥%BWe use | aser excitation of fluorophores that emt in the
visible or near infrared part of the electromagnetic spectrumin order to
15 detect particles. However, the present invention also contenplates the
use o ot her 8gEks of el ectromagnetic radiation and emni ssion:probes, such

as infrared ragdj eln? 8 ; k b '\?eﬁtﬁ: RS ' el P | ates the
use of assenb |_glg%o Bl}ngg“é@%gfﬁg?nt arxll’?ﬁst ?#ﬁééﬁgaq%%ésg&@qﬁ;ppresent
i nvent i orstage the imagetdatap | Anyswmberofi6ditalata chapmels{bnagesircam be intalasediniteer  t han-
fl uorescqggﬁa-' tif PRE 4194 chdnfliidod Radga Log, kaﬁ
scattering, Bi“P'tS;JAm negggnce,fanﬁﬁ%ﬁ%lé% er%sa ence.dﬁﬁ%%& GE
ANALYSI S GO TOARECoL 2, ..., Col nCol ; Row 1: ... to Row nRow) where nCol is typically 250

20  pixels, and nRow is typically 10000 pixels. The SM1 header as shown in FIGURE 4 has 28

bytes in the header with four bytes per descriptor. Each file descriptor is arranged in a low-

-

high word format. The "4 character descriptor” can be any four characters describing a
unique image type, such as "SM01",
In one embodiment of the invention, the system uses two bytes or 16 bits per pixel,
25  thus each pixel can have any of 65536 values. However, the field descriptor, "Bytes per
pixel" allows flexibility to extend the image-type from WORD to float, or any other data
format. In addition, the variable field, "Bytes in Header", allows for the ability to add
additional field descriptors. For instance, a four byte float image utilizing this format
would set BytesPerPixel=4, and then perhaps an additional descriptor field would be added
30 to describe the format type as float. The "interleave" field gives one the option of writing
channels in a sequential mode. For instance, in some embodiments of the invention, the

scanning system gathers channel information sequentially, rather than concurrently, e.g.,



| mage processing is a critical- requirenment for |aser scanning cytonetry. An
| mge processing programneeds to handle nultiple binary inmages,
representi ngwéio&{,sﬂoglent spectral 25 regions of a cell's or pgirhRborfigdst i Cl es
fl uorescence (channels); it “needs to determ ne the background fl uorescence
|l evel in each channel; the overall noik® in each channel, such that it can
enunerate cells or other particles fromnoise; it needs to ignore

ext r aneoussteringalll the datg;irhanne) 0 fmstLollowedshy ghannel . gty HGURKh 4 shows® bl ob" or
"grunge" S%Hélﬁﬁiﬁp?&@ﬂtﬁtbﬂb?ﬂ%t ﬂre&ﬁgr off 1 ze each recogni zed cell or

particle t eport paraneters i ncluding, ut not limted 30 to, weighted
flux, size, el |lnprefesradembodiments, thod.SM1ifileds read into Swrolmageamsheachchapnelnal i n

ot her ch . ' T S | ncil . an
"iage. pr ool S it neofy FAH R i€ Biskillors. e R ol 3of phdndEl of 4 60
syst em$ t hsitredrived class desigiatedsSndmiagelnioavitnitie image handie plopenty &k beingh t he
analysis in te hﬂ{)l st nmpde format. WO 01/08081 PCT/USOQ 11133 18 The

fol |l owi ng (553 t'f"ic% W™ e surrol mage systemis presented in a functional
format, beginning with the binary imge input file (.sm) to text |ist-node

output file(lsm w thFdeSC{' tions and di scussions of the various
al gorithns i nveee on ts a flowhart of the operations

execut ed by t hdn preférfddreadodimentss Surrdiftiage RBlatomniaidliné execltable. Toalki thed
descrhﬁi ion that follows,. the Surrol rrad&e systemis descrjbed in a
cel | - gt e JUPHAM thefollowing fopnat Gan be uged. jH oo parsmgter AG 8IveR, the a@itepb| nage syst em

I s capabl epapimédéidefauitdsrediown. St ructure with predefined physical paraneters,
such as antihody-|abel ed beads. The Surrol mage systemis contenplated for

use in anyCRrvERImaEs (SM imputfile) Loptioned §SM euipntfile} {onsionghnarameten st ng, but
not |imteghds, the enbodinents described in United States 10 Provi sional
Patent Application Serial No. 60/131,105 entitled "Biological MNarker

I dent i fi catMbinpasfile o Full pathdo *smlfde conmonl y- owned United States Utility

Appl i [ £ Lk \ ' gﬂﬁ’tm Fer=1l il +Phenot ype
and Bicfc%);lt 033’3 a{z&l%é’%(%?ﬂ? #e%ft PW%%% a%%l em g I'lgﬁ'lo(r% u% %P%\ﬁ%Fg ersr ed

enbodi mentparastetsriicornited thenthe samdpatinas the *snd inchuling Yase natoe, i*sismseskl to  store

|t or | acodPrRi pARR TRE Mgt pdohe i O BHIRLE sl BN SB0 B0

stored al cxgmpledormabis; (Row O:° Col O, Col 1, Col 2, ..., Col nCol ; Row 1:

! |
i o 1y “SEEBESREL FRLo el AR e ) Bl e

Optional parameters include, but are not limited to, the following:

ThreshRatio Noise multiplicative factor used to determine cell
detection threshold level. .

iNumCorrelations Provide correlations out to iNumCorrelations number of
channels.

UseBandPassForBlob 1=Use filtered image to detect cells (must be mutually
exclusive to UsePeaksForBlobs

UsePeaksForBlobs 1=Use difference between center of 5x5 kemel and outer
' pixels to detect cells

UseFullPerimDetect 1=Use all outer perimeter pixels in conjunction with
' center to locate cells

Blobarealo minimum cell diameter to detect.

MaxCellSize set diameter of cell to MaxCellSize is diameter >



bytes in the header with four bytes per descriptor. Each file descriptor is
arranged in a low high word format. The "4 character descriptor" can be
any four cwoaessts describing a unique inmage type, SuchCHUS0SM3B". | n one
enbodi nent of the invention, the syspgmuses two bytes or 16 bits per T
pi xel , 25 thus each pixel can have any of 65536 val ues. However, the field
descriptor, "Bytes per m% @l%ows flexibility to extend the i mge-type
fromWORD to float, or any o ata format. In addition, the variable -
field, " WenNaideBMkr", simbeynef fows td Use pethlbek in peak-pedki noiseldi t i onal field
descriptors. For i nstance ?i'sa“%? byte float imge utilizing this format
woul d set Byt esPerPi xel = Ren perhaps an additional descriptor field
woul d be &dqbtuko@@P&rNoiieBbrndmb&bﬁ-oWsmmplqipeaﬁﬂolﬁhﬁtnoiéEhe “interl eave"
field gi veﬁ one the optionﬂiﬁ) aglimtl ng channels in a sequential node. For
I nst ance n some enbodi meffiL the invention, the scanning system

gat hers QW&iBl6BPix nf or mat i ombatﬁ!a&dngh&w,pm&tdwfwhmlm&mm ently, e.g.,
WO 01/ 08081 PCTI USOO’11133 é sﬁorl all ,the da ";ﬂgl n ch nnel O first,

fol l owed by channel 1, 8%5'“3‘3 esentation of
t he preferredfileformat akﬁbnlui-@é ehe&aemdwmmaedmse file is read
I nto Surrol mage and each c%annel Is stored in nmenory with handl e

descriptors. The i nf or mat i ®#Kabout each channel of data is 5 stored in a
cl ass deyggmubeipin! magel fﬁtﬂnﬁé&bﬁohﬁﬁmﬁfﬁﬂéls B Hichd RpRively hl M being a
menber of that structure. Execution: Optional Parameters In preferred
embodi ments, Surrol mage i sthiesholdadamedian:sybtracted squrse mmagewouldin t he 10
program the fol | owi ng for ngk; tHaEpariicathr sé éﬁ?asoaa'rbﬁﬂﬁ%'%% edl € given, the
current paraneter defaults are shown. C. > "Surrohnage {SM i nput, flle}
{opti onal LSM out put fil e}adpebtouthnmagma%et er list) where, SM input file
Ful | Hitof | | © fiReshPidh g#fagtﬁl\{l, @erd -Sibtda | full path
desi gnatl ng q“sesm ou?put |'ocat | onlqai [ s%la ramf!:(tllg‘rédlla% om %btggd t hen the
same path as the *.sni moqomengagsef@abubhln@etecnom s\ltmdvely,optlonal par anet er

list : Miltiple paraneter Eg?‘_ Féilﬁ e. An
exanple format is: Surrol rSrNa‘ge é%ﬁ%k mage ﬁ@l%%?
Filesl| nﬁj&mshfmeshRatthmm‘NNsefaetortobe applied to median-subtracted

source image for biob detection. Alternatively,

NoiseFactor can be replaced with baseline value (see text).

MaskDilationPix final mask image is dilated MaskDilationPix pixels

WriteRAWFiles Diagnostic: Boolean variable which indicates whether all
intermediate image files should be written to the C:\A
directory.

SameCellRadius Cells in alternate channels are considered the same cell if

the distance between their centroids (in float format) are
less than or equal to SameCellRadius.

NomCellMicrons The following three parameters determine the kernel size
used for all cell caiculations:

BeamMicrons NomCellPix = hypot( NomCellMicrons, BeamMicrons ) /
MicronsPerPix; -

MicronsPerPix iNomCellPix = (int)(NomCellPix + 1.); iNomCelIPix is

(KemelSize -1)/2
PrintMode enumerated variable to detel_'mine text output format of



20 RAWi |l es. Optional parameters include, but are not Iimted to, the
followng: ThreshRatio Noise nmultiplicative factor used to determ ne cell
det ecti on tHWOSKEH0sL | evel . i NumCorrel ations Provide correl ZEFSRWBLS (o

I NunmCorrel ati ons nunber of : channel s. §§eBandPassFor Blob 1= Use filtered

I mage to detect cells (nust be nutually exclusive to UsePeaksFor Bl obs
UsePeaksFor Bl obs | =Use diffF§@rm bet ween center of 5x5 kernel and outer
pi xels to detect cells UseFu ImDetect 1 Use all outer perimeter pixels
in conjunction with center @& Humantreadablel d Eldbdelimited, 2i-nCommacel |

di anmeter to detect. MaxCeil %@ﬁt di ameter of cell to MaxCell Size is

di aneter > WO 01/08081 PCT/ 133 20 MaxCel | Si ze RowsPer Noi seBl ock
nunber of rows to use per block in peak peak noise calculation

pl e in each bl ock for noise ock

Lcnannel;

PR e OF EoTHrgusts pi xel s over which a threshol ded
medi an- subtr act Gmemuumsmnhagem@ﬁﬂeamwesmgmlmpﬂmm as

Bi el 5 ove,FRRAEIAR: HE SUET FEAEh Sien B RER B L A PR AAERE ce | mmge
woul d  gesij .. hﬁtmagéﬂxﬁlehgrchmmaﬂgaﬁ %uiﬁ&llihhﬁd td, gilﬁﬂng,m% g o the
ol an- oubPCRBRE oL Bblet s ia e 1 AL P o e SRR T SE Tty
Noi seFact orSufréfindge systéth ascmst citH dhaliiel B anfi§zeddhdtpertdeaifly, Wit o summing of the
individual channels taking place. Briefly, the Surrolmage system performs a number of
manipulations independently on each source image in order to remove noise and
10  background features (such as bubbles and dirt) and enhance features with the spatial
characteristics of the particles to be identified. The system also determines a threshold for
particle determination in each channel, and independently identifies and analyzes particles
in each channel based on this threshold and on the particle parameters. The system then

finds the same pixels in the remaining channels--where the particle was not detected

15  because it was below the threshold for that channel--and measures the parameters of the
particle in those channels also. In this way, the Surrolmage system collects data for each
identified particle even in those channels where the particle was not originally identified.

In preferred embodiments, the Surrolmage system starts by opening handles to a
number of floating point images, used to store 1) filtered source images (application of
. 20 convolution kernel) 2) median subtracted source images, and 3) work images, used for
temporary storage. In addition, a number of BYZE images are created to store thresholded
versions of the above floating point images, including a MASK image which will be
discussed later. _ :
For each channel, the routine preferably starts by performing a baseline analysis.

25  This subroutine call retumns statistics on the overall variation of the baseline with respect to
y (Note: For future reference, x is the long capillary direction, typically 40 mm or,
nRows=10000 pixels and y is the galvo-scan direction, typically 1mm or nCols = 250
pixels) The statistical values can be stored globally including a boolean value,
BaselineErrorFlag, which designates that the baseline has varied over a predefined limit

30 (generally, max - min > 0.3 median. FIGURE 35 depicts this process in flowchart format.



Bl obThr eshFact or t hreshol d*Noi sefactor to be applied to nedi an-subtracted
source image for blob detection. Alternatively, NoiseFactor can be

repl aced wWwoH1B88k| | ne val ue (see text). MaskDi | ati onPi xPET/HSHIV/INASK | mage
is dilated MaskDi |l ationPi x pixels y t eRAWFi | es Di agnostic: Bool ean

vari abl e which indicates whether all internediate inmage files should be

e consi der ol RRSEed S REbA p 15P0TRAATA M i ied kA R BlE CTECTT

fl oat f oimsge)usinga highespeed medianalgarifhma idesignatied finFlmMeddimii) The Kemm€ke| | M cr ons The

cal cul ar paes By A7kPHE bR e it MG xR KSHel¥iop Bt SRl r one)

M cr ons Peixelswithidvhe kemel PAh&applicativnGf thifmedian kérnél k¢ ddehpixel ddteto+ 1. ) ;

i No LT RiXx 1.5 (Kerne}Size -1)12 PrintMgde enunerated varigble to determ ne
et But oiRodtE pkeBta Vit I HCER it Aeoe f Snagih fibg e -y mn
readabl eThépridkrydeleiofithe shootBing op&dtidh is tdliniihite theitensity comeibitivas aasr ce

i mges from.each.chanpel: -The central roytine in Surrol nage js designated,
SMPr oces® %}@ég@n ?M?Wq@ m%@ﬁ%&%@aﬁ&rm‘mﬁ@ RAZE EM per f or ns
a nunber tieh skbtiatled Gofn the'sourdE imagY indStored i B GTobal hatidle dedinatedHIMbENO M each

channel -incl uding,  but not limted to, filtering, masking, . | ocating bl obs
and bubb%?m%aég?a’t#il%tﬁi%@ﬁc?w*hﬁbe@%ﬁ“‘?ﬁ%ﬁmmﬁﬂﬁcﬁm feature of

the 1HUr pabaBER iSdhSdif bitnot iRite PR bl hﬁi‘,rbﬁipﬁhﬁ;k%ﬂ@wl?&ﬂneﬁﬂﬁ%ﬂfé@m ly,
with no sunm ng of the indivi dual channel s t aKi ng place. Briefly, the
Surr ol maéb”s‘})st em perfornms a nunber of manipul ati ons i ndependently on each

source i Mge Inhreela entbddinSeiny fhe ARilfle fhfked S BRI Wit ptedetmbFUCh as

bubbl es and dirt) and enhance features with the spatial characteristics of

t he par t kerneland gfored in g globsthandie designated duRiohSirs Suchaoayolutionkemelsareshol d f or
well known in the art. The kemel structure chosen (the size of the kernel and the weighted -

15  wvalues within the kemnel) depend on the particle that is to be detected. For example, for
blood cell determination, a 7x7 kernel is typically used as this kernel is approximately the

Ay

size of a blood cell. For the purposes of this description, it will be assumed that the
convolution kemnel is a 7x7 kernel, but it is to be appreciated that other kernels will be
useful in other embodiments. The result of this convolution is a filtered image that _

20  enhances those features with predefined spatial components corresponding to the cell-types
to be detected. A thresholded version of this image can be used for cell detection and in
addition, for weighted flux calculations.

In some embodiments, a "perimeter" method, rather than the above-described

convolution method, is used for the initial enhancement of those features with predefined

25  spatial components corresponding to the cell-types to be detected. The perimeter method
creates a differential source image--a "difference” image- and can be performed in two .
different ways. In some embodiments of the perimeter method, every pixel is set to the
smallest difference between it and the outer four pixels of a2 7x7 kernel. In other
embodiments, each pixel] is set to the smallest difference between its value and all the

30 outside pixels of a 7x7 kernel. The use of these "difference" images, rather than convolved -
images, can be designated through a boolean command line argument designated
UsePeaksForBlobs. Again, the enhanced image is stored in the global handle imBlobSre.



particle determ nation in each channel, and independently identifies and
anal yzes particles in each channel based on this threshold and on the
particle parwomimesest The systemthen finds the sane pixel $CIUSHILLII
remai ni ng channel s-where the:particle %s not detected 15 because it was
bel ow the threshold for that channel -and neasures the paraneters of the

particle i chanpel s al In.this t Surrol. S

col l ects d}?ﬁ%ﬁs '@%i@’eﬁf ?‘ﬁ"&& e%?ﬁlg\flﬁgde%% ﬁ&fvﬁ%gl gggﬁgnﬁrge ‘g‘{nlvlﬁer e

t he parti clfiowehat foamatori ginally identified. In preferred enbodi nents, the
Surrol mage system.starts openi ng. handles to nunmber .of fl oati ngpoi nt
.

convol utio t® ¢ Gcations) I mages,
used for tenpar stoea e. In a di_tiog, a nunber of BY%E | mgges are

creat edsto%"g{%ﬁi"’é%‘{f&%ﬂ%mm%”b%" GPUTEHIMAgE Mt be 355 p&® nt i mages,
i ncl udi g Grofh dekBiRneMEY, GialpbrithmiCused st RS ASked FraR pealiscvelseahanael |

the routiné greferabl,y starts_b erformi.ng a baseline analysis. .25 This
subr out i ne 6 hlosks afn imases FIGURE Tillugrates diis Broessa i Howehassdp@patoBadhlotkas ol | ne

Wi th respegiabés wch}egmﬁgﬁlmmfdglri of tHIﬁ %ﬁa‘ﬁeﬁ ?qu{o%}?é‘mai‘sehﬁmk (fconiRéhdqfme! | | ary

direction, typica oWs=10000 pixels and'y Is the gal vo-scan

direction, argumestlong. Eash aeisqnaljedforcaph block is.stqred inpmargy #ithst i cal val ues can
be storpd ' ' ffeaf : | | ch
des?gnal?esqt @gt %@oﬁéﬁfﬁgﬁﬁg%an ed@&gﬁa}él pr egeﬂﬁﬁgﬁfwdrin;%grfgw

(gener al | y command ling argumentpanddutierpolated|igtoRmRews tapgtht asray ithat isnsed fxs i n
fl owmchart f . nbodi nent s,
a 15x15 medetjng At ritiod Sedétebd dibdy a SobbiPAnRE BFET O0
hi gh- speed "diffi¢rence"dinggs totgenerate theghmshwdided BW TR iviage 4mBlobBeg. ker nel  oper at es
by replacing th | Lot h ' ' l.ue of
all the pixel s?nv\#r?%%r%&Fﬁ@%ﬁ%ﬁ&%&&%gﬂ@g%ﬁ%%@b% gigc ernel to
- each pilfel beforepdaforiingsegmnértation ot cell-detectibn vm i BlobSegsifithe source imageiethat t v
. that arise along.the iLm [ <ax]s. .The primary. role of the

snoot hi ng 8&??1&%9%& ‘%mf’%iagl mgll? tﬁ%ﬁ??@?*’%%‘ﬁﬁﬁ“ﬁhﬁ g‘ﬁg’aGue to
-celj! s, and Piréfetﬁf)lﬁfﬁﬂiannh aeﬁsbﬁeb&cmd ?mmésaﬁnﬂemmﬁa%ék@mﬁfard&fdmd Skhe
medi an i mage can..then subfracted fromthe soyrce inmpge a tor in a
G obal  han JPEER s BFeates Ak GLAHa SSmpHh B0 {0 egas AN AL DU s FaRnel, WALAD. | e
cell |ist Rogeponi tédehercatlerhissibitvaveling frdif tHeShinplk) HaweRbindtlerl NCl udi ng,

but not. limted to, total flux, ellipticity, and cell dianeter (also called
fit ar @g). em&)o ents, other channels (one or moee) can bg used for the MASK image. (

The MASK byte image is appended to through three different conditions.
MaskGrungeAndBubbles() tests these conditions. It uses the image, Almbgnd, the median-
subtracted source image, to apply the bubble and blob thresholds, BubbleThreshFactor and
BlobThreshFactor (multiplied by the peak-peak noise value), respectively. For instance,

25  with respect to bubbles, if any portion of Afmbgnd is below -1*BubbleThreshFactor*p-
PNoise (bubbles are signified by the absence of background fluorescence) for a particular
block of the source image and if the total number of contiguous pixels exceeds
MaxBubblePix, then those corresponding pixels are set in the mask image to a particular -
value indicating "bubbles". Likewise, a blob detection is done using BlobThreshFactor*p-

30 pNoise and MaxBlobPix. In another preferred embodiment, the bubble and blob
thresholding is based on a percentage of the average baseline value rather then a factor of
the peak-peak noise level. Thus, the bubble and blob threshold levels are given by
BubbleThreshFactor*BaseLine(y), and by BlobThreshFactor*BaseLine(y), respectively,



In preferred enbodinents, the nultiple images are then convolved with a
predefined kernel and stored in a gl obal handl.e designated i nBl obSrc. Such
convol uti owoososesi s are well known in the art. The ker neCTwSwUtB8r e chosen
(the size of the kernel and the wei gﬂed 15 values within the kernel)
depend on the partlcl e t hat |s to be detected. For exarrpl e, for blood cell

det er m nati o rne a sed th| er nel

oy oxi R pasgranet) if G Wiian Vpfok BEAR st PR ontrine K HaES of ibepis

ckiescr: pt E’mgwdnywdﬂe(geo&ﬁhmtﬂﬂi&f&heédpﬂluﬁﬁﬂﬁ@ﬁnﬁlmdfiu&ﬁto:t}i&mh&lﬁ 71)57| _

er ne u o be appr t.e at, ot ernel.s w useful in
ot her enﬂ?@?hﬁ*ﬁég ?g%ﬁ&f??l Y‘ﬂf% EImPet- %F%?}“’feéﬂ}fsf’ﬁ"ﬂ‘g?sg{? U0 pge t hat
20 enhange vmﬁmmwmewamzpaﬁ%mmmmmmmorreSpondi ng

to the c types t tect hresh | ded ver si on of I.S I mage can
be usid %H%a‘ = X Rixe f‘ﬂ‘a“a’aiﬁ lﬁﬁepsm ixel to
cal cul at "&i‘%fthhﬁbxﬁé)iﬁﬁcﬁ%’bﬁ&h&ﬁﬁ&eﬁalr&dy BQ{ bmegibn) lgaaxm méaiah@ ustf3an the

above-descri bed convol uti on met hod he initial enhancenent of

those f einswedhatgrlisarenot identifiedpn @Swﬁf‘f"&!"b%n‘ﬁb m% of e rYBRHMR ng to t he
cell-ty pﬁ&eﬁleﬂﬁemé ﬁh%fta%bblyfﬁdpﬁar He%h%lvéaﬁﬁtb%ngrmwwmﬂt&&ﬁi enti al

source inmage--a ference" 1 mge- can be perforned 1n two different
way's. Inlmdeﬁﬁﬂﬁnnﬁﬁ@h@?n!m@“ﬂﬂm@‘Mhod every pi xel is set to
X7

t he mal | est dhedn
kerne I n otﬁ?’ééﬁérﬁodl nment \é&emgacg lﬁ| xef’ﬁ?osbggge?ﬁatgg the smalufest di fference
bet ween mwwlmecmf@#IFIGWwIW@SmmmWMerM The use of
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SMProcessImages is a histogram of the mask image to determine percentage of the image

which are obscured due to each of the aforementioned factors (blobs, bubblies, and filter

artifacts).  An overall total image masked parameter is also calculated. This allows one to

recalculate the volume of the capillary if a significant fraction is masked.

25 As mentioned above, the MLSC system also stores parameters in the clinical
protocol database for operation of the MLSC instrument e.g. scan speed, filter bandwidth
value etc. The ability to finely coordinate the operational parameters of the MLSC
instrument with the Surrolmage system allows each assay to be performed in the most
efficient and sensitive manner possible.

30 |
Cell analysis and 1sm output

In preferred embodiments, the majority of cell analysis and file output in the
SurroImage system occur in the routine, WriteLsmFile(). The purpose of this routine is to
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sorted by y-centroid value. A description of how this data is generated in preferred
embodiments from an individual channel cell list follows.
The routine begins by sorting the cell lists in each channel. Since the "FindCell"

25 routine appends to the cell list any cell perimeter it locates first by "walking" in the y
direction, it is not necessarily sorted by y-centroid value. Therefore, a bubble sort is used to
generate this list (bubble sorts are the best sorting algorithm when a low number of
rearrangements need to take place).

The next step is to create a general cell list that merges the cells in the channels and

30 isalso sorted by y-centroid. The details of this routine are as follows. An index to the next
available cell to be processed is created for each channel, called
CeliFirstAvaillndex[Channel]. The routine loops over the channels to locate the cell with
the lowest y-centroid value, which has yet to be printed. This cell index and its
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typedef struct
{
double x, ¥
Area,
25 TotalFhex,
WeightedFlux,
Diameter,
Ellipticity,
Brightest;
30 |
int Printed; /* TRUE if printed already */
} CELLINFO;
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diameter, the centroid value is first calculated (Note: this is different from the centroid

value calculated to determine the cell's center, since this centroid is calculated from the

25 pixels in the 7x7 square versus the previous centroid calculated from those pixels exceeding
the threshold for that channel). Then, the distance of each pixel from the centroid is
weighted against the pixel value, as mathematically shown by,

N
Z XnsVn ‘J(Cx -xn)z +(Cy _yn)z

D=2.2 = ¢))

Z lPxn 2¥n

30 where the centroid values, C; and C,, are given by,
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Two other cell parameters evaluated in the PrthelIO routine mclude the ratio and

correlation values between the channels. The ratio (seé example in Table 1), is given by,

Wid Flux,,

——m ~ where m>n. 3)
Wid Flux, :

15 Ruin =

The Pearson's correlation, g, », coefficient is calculated by

N
3.7, e, <P

= n=l ) 4
Omn (N-1)S,5, ’ @

20 _
where S,,, and S, are the standard deviations of the source image(imSrc) pixel

values in channel m, and n, respectively, and the bar represents the average pixel value.
Each of these cell parameters are written to the *.LSM file in a sequential manner as each
cell is grouped across channels.

25 The WriteLSMFile() routine sequences through all the cells, each time calling the
PrintCell() and subroutine AnalyzeCell(). The total cell count is tallied and written to the
header portion of the *.LSM file. The file is then closed and the program exits.
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20 the blood. In contrast to the Surrolmage system, prior art systems are capable of detecting

only certain cells, and cannot be re-configured for detection of other structures without
significant operator intervention. The parameters of the individual subroutines of the
Surrolmage system, such as the structure of the conv'olution kemel, can be rapidly changed
to optimize detection of these particles. These parameters can be stored in a clinical

25 protocol database (see below). Thus, the Surrolmage system increases the flexibility of the
MLSC system, allowing it to perform diverse assays without making compromises in

sensitivity.

INFORMATICS ARCHITECTURE

30 The present invention includes a novel informatics architecture that performs a
number of critical functions. The heart of the system is a relational database that is used to
coordinate all of the information required to design multiparameter assays, control the

measurement instrumentation, perform image and data analysis, and archive results. The
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the FCS Conversion Software are all controlled by a Clinical Protocol Database which

stores parameters for each type of assay used in the execution of a clinical protocol. Such

parameters include, but are not limited to, the scan speed of the MLSC instrument, the

15  value of the filter bandwidth used in the MLSC instrument, and the kemel structures used in
the Surrolmage system. Data in the form; for example, of .FCS and .LSM files can then be
exported to a server in order to further process the data using, for example, commercially-

available Flow Jo software. The data is also sent to an experimental data file server for
archiving and periodic export to tertiary media, and also to a central database such as an

20 Oracle database. The central database is used, without limitation: to maintain the. .
consistency of the clinical protocol database; as. a central repository for instrument resuits,
filenames, calibration information; to store cellular assay measurements and soluble factor
measurements (whether obtained through the MLSC system or through conventional
ELISA assays); and to maintain clinical questionnaire information.

25 In preferred embodiments, the émoScan informatics system is used in the
following way for clinical studies (assuming the prior design of an appropriate relational
database schema, and availability of a calibrated instrument). Firstly, the user defines the
clinical study protocol, including information such as number and identity of patients,
number of samples per patient etc. The clinical study may involve tens to hundreds of

30 patients, and may last from weeks to months. The user also defines the assay protocol,
which defines in detail each of the assays that will be performed on each particular patient
sample. Each assay includes detailed identification and description for each of the reagents,

including, but not limited to, fluorophore used, target molecules, dilution and fluorescence
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cont ext . O}Q@émé%%ﬁf&%rp %@%%ﬁg%%}%#%%escrﬁg siﬁgﬂ%ml{i‘%ﬂ% gltgis Pat ent

No. 5, 556, islded.nEhenmatopaitalsatincludes theripformation required fo-mugmatisplly eonrel the | ¢ s

From the i MFCTIT APULRER el 820 trhle ol AR ot bl SRR 2 TP0C°

conposi t e piocesyed for bachasay $whick narchesmtahmeted wder etrblofitheadapabase) landig of bl obs

and bubpl es. urthernore.. the.' 764 tem is..desi sel ective
for thep paf‘fafi &:rm?a%rggxegtfca%g%eg °“5l?"y$"fﬁ°§]?&fh°i “%ﬁg a%@%’?,gl 1;'Sg‘{r“\éexarrpl e by
det ecting lsahbl& I pattimittets h&fthaisjdinﬁérzei(’tjwmgehicﬁhen hgmufgms thetda&bmees;ant ¥
systemis less restrjctive, and thus detects re.diff.erent. types of cells.
10 The i nd@ﬁ&%ﬁﬁﬁ“’@ﬁ‘éﬁ#eﬁcé%m?@ %%Péﬁ%%f’?@“ﬂ&@ﬁéﬂéi SEED |

maski Ng t egliblfioR Specd @RC IARE theltedmiafe conspMted, tHednstirent 45aiitintefropsieythe f y

precisely, .and collect, data from npre true c§l | s than the, ' 764 system

Hence, t hedfiptaseinlear Geapproprials apalysiz prrametersyAnd automapcally PpRERS P or art
syst enig Apgdieypd oF aalysSvittf SurfoEmaps dndISYREPCS YSHvwiRe mddiles) igendratiigFaseadi | y
be optimzed for 15 the detection of a variety, of dlfferentégaebléﬁlrg W t h

di ver se moPERS fHles. ckhefi(H QP fijes gredurther snalyzad yising commersially 3v CS

cel | - assocqghnsh Wlﬁs@ﬂﬂ?%ﬁﬁmo@ﬂﬂmmh&wﬂmm 1i§ flefiBge System
or

can be rapidly optim zed he detection of particles other than cells.
For exanpl E?HW“EW © BB seftwararand Surthen pracessedyioicable etpmesin 3 wiavaBdl systemiis
used 10 _dghgbeke " MOBMMenTeSMR bhd plleRfelintlil SibohEhPhe A frtiy Lo a
particul ar reagent present in 20 the blood. In contrast to the Surrol nage
syst eml5 pr processed witly varioys statistical-and visualizationmetbpdsig idestifypattemsand cel | s, and
cannot be ES.-Ig ' [ Of: ©f . t 8 “%#’ .
significan op%ira%% gilrd{?% %@{fgﬁ? %%ﬁadt%ﬁlgﬂ%gg{ane 81r§ [S &g@{,ftéﬁgél n W%%naaFon

subr out i neis asfociated wihuthe datarthgeughputt theranadysis from raw émagerta distmededformat ¢o

convol utiop,ker n be rapidly changed to optim ze detection of these
particl es.%@gé%ﬁgp%%éters can be stored in a clinical 25 protocol

dat abase (see bEheinjtanthinention dlso comtentplaregihe asesdfamimagersystemdo tisplay| exi bil ity

O e g ol AL et af. hie SuiBS 2heH SVRASS, A3 el K 10

cells identified by the Surrolmage software; a box can be placed around each identified cell

in order to distinguish bona fide cells from other cell-shaped spurious signals in the image.
The SurroView software is particularly useful for quickly diagnosing various types of
system failure modes. It should be pointed out that during normal operation of the -

25  SumoScan instrument, it is not necessary that the operator ever see such images of cells.



| NFORVATI CS ARCHI TECTURE 30 The present

informatics architecture that perforns a
heart of twe®apsBemis a relational

al |

the neasurement

i nstrunentati on,

dat abase t hat
of the information required to de82gn nulti paraneter assays,
performinmage and data anal ysis,

nunber of

i nvention includes a novel

critical functions. The

i S use®CTAUSOIOLBdi nat e

contr ol
and

archive results. The WO 01/08081 PGLLLS00/11133 30 system conprises a
nunber of interlinked ondiules that performdijscretejfunctions. FIGURE 11 °
shows a flowchar{ reprdgsern of jtke8wgy this| syptem operates in
preferred enbodingnts.| Brji e | n4t Bugent ntyol | Software controls the
SurroScan har dwa ﬁ hd < St r yni@ree) | repy pcanning the sanple and
produci ng raw i i He® 5 fijles). [Theg SML 1}l es are then processed
and enhanced by {he sudrol lraggq Anal \sis|] Spftphare (above). This
nmodul e enhances gagh i 1fage rm t hg Rolsiet } on] and si ze of each cell
(or fluorescent bed@lin X | i cdt Bqqs)| & &kh | mage, and then
cal cul ates the {luoredcen nsi t retcel+— or bead) in each
channel . The resylting{Sur ddta id stlorefl ab a text file (.LSM
file) and can then8be ¢ogV o fihg industiry stapdard .FCS 10 format by
t he FCS Conversi )rﬁﬁ)ftv@r o] a?§ Sther Rt fprmat appropriate for
subsequent anal yg+s—Hye— nt qf'r dl ©9of? b, the I mage Anal ysis
Software and the FCS §ony Sofftware fareg al] cpntrolled by a dinical
Protocol Dat@basg @hich =9 es pargneterq f > chjtype of assay used in
- the executi of |[@dedi i &3 rotjocol]. SKch epret prs i ncl ude, but are not
~limted to, ¢ he pramsweer Tt .MSB gtryneht, [he 15 value of the
filter bandyg dthlused ifn tthe IM.§C i gstrumgnt,| and the kernel structures
used in tha& Sur cﬁrﬁige §ys_ m |Datq in tHe flor fpr exanple, of .FCS and
LSMfiles c thepM @ |ewfdortied fto 4 ,-&es.verod neoy def to further process the
data using, gor pxanpl¢, donmerdci al | yu avol b FI pw Jo software. The data
is also sent, to pn expdri rentfal |dat gFrtefserpertfof archiving and
periodic exfrt (&Ger]i&fy&edila, gdnd al.qo tfo a ceptral database such as -
an 20 Oracl g dat agggé TRd Sdntrlal ¢ without limtation: to
mai ntain th copsi stenpcy jof lthg cli Hat abase; as a central
repository f@r ipstrungnt |regultjs, ipration information; to.
store cellul&r ap ayrenentis ar measur enents (whet her
obt ai ned t hrbugh SC1sY'dt e or onal ELI SA assays); and
to malntalntsslln cal qlestionnaire [ n preferred
enbodi nents; t he Sgr.,; $car] inforfmati ed in the
: = — . N I=)
‘3' ol < | w
(=}
5 3|33
Pl sle] | ERLEE
k: R | Spa) |
en O
S | Q] I Ml Wk
=, o =
T § | o
i |3].|s|8 | 8«23
E - S . t—] P R
E Sz - | e oF> -] | =




following way for clinical studies (assunmng the prior design of an
appropriate rel ational database:sichemn, and availability of a calibrated

i nstrunent) .woiot/esos1y, the user defines the clinical studyPETUs¥aaLs3

i ncluding information such as nunber agf identity of patients, nunber of
sanpl es per patient etc. The clinical Study may involve tens to hundreds of
30 patients, and may | ast from weeks to nonths. The user al so defines the
assay protocol, which defires in detail each of :the assays that will be
perfornmed on eawﬂﬂ@ajticular patient = sanple. Each assay includes detailed

identification n escrl jon for of.the r but

not linmted to, EF§8 “F%.e&?éﬁf‘“ U’f@z %‘g‘f 'W{O&gﬁca%g‘g&g

fl uorescence M&ﬁ/f&&eﬁaeeﬁﬂnléﬁmele&momamemwteumxpar ameters. Sanpl e
preparati on nmethod and sanple dilution are also included. The protocol

al so i nél udes the information required to automatically control the
SurroScan i nstrunent alﬂ.sh“%s.? AU 2Nyl $159T [¥3)el.3 44 tler the patient
sanpl es have been progeSse g€ach "assay (whi ch can He autonated under
control of the databasgy sanB.dp IQ@gec3b@t GEapuenenss dqartridges on the
SurroScan, the user enpers Protgcol D an Sahple I D paraneters into the
scanner software, whi ch3ishep.gont e.rooogg,o@s 4.0 (obpssstjo determine the
detail ed scan paranetefs_e scdan speed 1filter bandwidth settings, stage
transl ation speed etc. |-354¢ej3.00n 9.00r ¢6.00N]3.08 e3.54 He i nstrunent again
interrogates the datapased Liatelanallysi s paraneters,
and automatically perf pB&54 6.60t 4.9he|200 apdb4 i s with Surrol nage
and SurroFCS software poeeH H-—RgH-CS—oewtpbt—FHl es. The FCS out put
files are further anal 384 ®P8i 32-09 R | phF2 [FCS anal ysis
software. A summary of Hhe—ES -eaehF?a++ent sanple is then
generated by the FCS sppdtaji4 4Lﬁ%§ﬁa'3§ﬂo:§§§e -§$'enable storage in a
rel ati onal database. ¥hemeasurememtTesutts—amd—patient clinical
information are then further 15 processed with various statistical and
vi.sual i zation nmethods to identify patterns and correlations that may

i ndi cat e candi date biol ogi cal markers. Sanple and assay information is
associated with the data throughout the analysis, fromraw inage to |ist
node format to relational database. The instant invention al so

contenpl ates the use of an inmage. systemto display 20 graphically the
enhanced data. This system terned SurroView, displays the individual
cells identified by the Surrol nage software; a box can be placed around
each identified cell in order to distinguish bona fide cells from other
cel | -shaped spurious signals in the imge.




The SurroView software is pari“!“%l!!l!lmiﬂmu'—!!} or quickly diagnosing
* .M S

various types of systemfail s ul d be pointed out that
during norW@PIe#88L ation of the 25 SurroScan instrunent, P¢TVMEYES necessary
that the operator ever see such imaggs of cells. WO 01/08081 PCTNS00/ 11133
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1. A method for analyzing a sample containing particles to detect and
characterize target particles having a plurality of detectable characteristics in a fixed
5  volume capillary that contains a fluorescent background and which exhibits background

characteristics, the method comprising:
(a)  scanning the fixed volume capillary containing the sample to generate a
plurality of channels of data, wherein each channel of data comprises a distinct detectable

10  characteristic and a distinct background characteristic;

(b)  sampling each of the channels of data to produce corresponding sets of pixel

values;

15 (c)  generating sets of enhanced pixel values by independently modifying each
set of pixel values to selectively enhance spatial features that are indicative of a target
particle;

(d removing from one or more sets of enhanced pixel values the distinct
20 background characteristic for the corresponding channel;

(e independently establishing noise threshold values for the detection of said
particles for each set of enhanced pixel values;

25 (2) independently identifying, in each set of enhanced pixel values, groups of
above-threshold pixels located in patterns that are diagnostié of said particles;

(h)  independently identifying, for each group of above-threshold pixels located
in a diagnostic pattern in a particular set of enhanced pixel values, the corresponding
30 below-threshold or at-threshold pixels in the remaining sets of enhanced pixel values; and

) characterizing the target particles in the sample by analyzing the pixels
independently identified in steps (g) and (h);
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filtered image, inBlobSrc. inBl JHSHE Nk IsGEal h for cell detection and
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PCTI USOQ' 11133 viserebgipaitivies wednitialy identified dnd snalyzed inchannelowith ahovanal yzi ng a

sanpl e contaii.ng. particl.es to dete . : ' : i cles
avi ng o poie pipERiocakrat v SgaeBe i PRUGEL Shd &fa pAARI wbBleh

capi |l l'ary fbéendently andlgzed if Allreraindny¢hatueliiny locatiig pixslsin thesawe positions
background characterisiics, the. nmeih onprising: (a) scanning the fixed
vol une taptsthesbpv MF%P%R{&‘%'HB’@&}%P@E?‘{S generate a plurality of channels
of data, wherein each channel of data conprises a distinct detectable 10
characteristic and a dj stinct _backgrqund. chatacteristic. (b | i ng each
of the channel s2of d¥tBstyEnest frg gf&?&@?ﬁ%&%‘%f‘éﬂ%ﬂwm ues; 15
(c) generam ' &s 1%m@paﬁdﬁmmﬂfghbwimmwamwdifyi ng
each set ofpl X)Z(?lt vgﬁf&es to selectively enhance spatial features that are

i ndi cat i vecagiponentyyppsillupination-with W%?“?%i%“fq‘gﬁ‘%@ms%r e sets of

enhancggl pi xel values the distinct 20 background characteristic for the

correspondi ng channel ; ] o
(a) one or more sources for said excitation light;

(b)  means for scanning said excitation light at a plurality of predetermined scan
rates over said sample;
15
(©)  means for collecting and descanning the light emitted by said sample in

response to said excitation light;

(d)  aplurality of dichroic filter means for separating said emitted light into a
20 plurality of distinct component wavelengths and for directing each said distinct component
wavelength along a separate optical path;

(e) a plurality of light detectors responsive to emitted light, each light detector
positioned to collect a distinct component wavelength, each light detector operatively

25 coupled to an analog filter means with variable bandwidth; and

@ digital sampling means operatively coupled to each analog filter means and
capable of operating at a number of predetermined digital sampling rates to provide digital
signal output from each light detector;

30

wherein the scan rate, the bandwidth of each said analog filter means, and the digital

sampling rate can be coordinately adjusted in order to optimize detection of said particles.



(e) independently establishi rlﬂmmmlllmrlngmmi val ues for the detection of
said particles for each set i val ues; 25 I ndependent |y
i dent i fyi nWOQM8Bhch set of enharfced pixel val ues, group® 0/13133 )
above-threshol d pixels l|ocated in paggerns that are diagnostic of said

particles; (h) independently identifying, for each group of above-threshold

pi xel s | ocateg | NARiMr@HERTor perfOlihSmitrévdhindécr séadhinf cftBinelly €nhanced
pi xel val ues, the correspgondi ng 30 bel oywthreshold or at-threshold pixels"

in the r @4&SR) awa sample eaniaining partielesthatemit ligh with apleast fqur disipetr act eri zi ng t he
target parldiclgdscdniponbits SftllEmindt G ey Slchstion1RnD ineShsbrunlcRC@BRRSRBL | Y
identifig{?ifng;&t?ep (g) and (h); 1111111f 1111 1911111 11111 'l 1111 * CL
N S PCT/USCO 11133 WO 01/08081 35 whereby particles are initially

i dent kfi ed angyan d SoGRaL | g - threshold pixels located in
patte?ns di agﬁ&stia%:&é)?glggkg par#?%?%gétg?\%ng%gd particles are then

I ndependently analyzed in all remaining channels by locating pixels in the

same positi Onfo)ﬁef‘ﬁﬁp?or@%}zts%%ﬁi?@h{?%ﬂ@%b&s'hfa!s .ﬁ‘llej y identified. 2. An

i nstrument fo ormng m crovol un Ser scanning cytometry (M.SC) on a
sanpl e containing particles that emt light with nmultiple wavel ength

conponents up 1l um pati@en W i XCl Lan. b i iy nt

conpri si ng: 1@9(a)m%?%P%ﬁﬁég&@?@ﬁéb%g@%ﬁt’g?ﬁ'%%‘?‘fﬁﬂ%ﬁf; (b) means
f or 30anpéspense i sdidexcitdtiohilight; | i ght at a plurality of predeterm ned scan
rates over said sanple; 15 (c) neans for collecting and descanni ng the
light emtted by said sanple in response to said excitation light; (d) a
plurality of (a'?chrﬁlﬁmﬁiyldfafamﬁmmﬁﬁﬁpmﬁmsmwmgmmIai ght into a
20 plurality of_ distinct conponent wayel engths and f.or directing each said
di sti nct leasipudistpct compencah yaye %gh’ﬁﬁ'“‘g% gﬁ%‘i"&?@“@‘ﬁﬂdc‘gﬁmﬁtaﬁ%po’(%} a
plural i t wagdlerlgttdlbngieécpiraiopticA pmbmmdve to emtted |ight, each light
detector positioned to collect a distinct conponent wavel ength, each |ight
det edfor operatively

(e) at least four light detectors responsive to emitted light, each light detector
positioned to collect a distinct component wavelength, each light detector operatively

coupled to a digital sampling means.

20 4. An integrated system for performing microvolume laser scanning cytometry
(MLSC) on a sample obtained from an organism, said sample containing particles that emit
light with multiple wavelength components upon illumination with excitation light, the

system comprising:
25 (a one or more sources for said excitation light;

(b)  means for scanning said excitation light at a plurality of predetermined scan

rates over said sample;

30 (c)  means for collecting and descanning the light emitted by said sample in

response to said excitation light;



25 coupled to an analog filter e bandw dth; and (f)
digital sanpling neans operative wﬂ“ﬂm muﬂm Eﬂnh anal og fi I ter neans and
capabl e of owenabssy at a number of predeterm néd digital SEAAISEHIZates to

provide digital signal output fromea | ight detector; 30 wherein the
scan rate, the bandw dth of each said analog filter neans, and the di gital

sanpling rate ¢ be . ection
of said particl @ M@S@i@tﬁﬂﬁgﬁﬁf%gﬁﬁgﬂgeg]&{égrﬁgﬁnmﬁ%t r unent
for perfor piumjityrbbdistimt comepohers svavelengtis ang fordirenting each §4id dislinat comperenp| e
cont ai ni ng art| s that e J h{h_with at |least four distinct

wavel engt h ggﬁf)%’ﬁmﬁqpﬂﬁiflﬁa Pon with excitation light, the

i nstrument corrprl SI ng: 5 (a) one or nore sources for said excitation |ight;

(b) meaps for s i ng said ver, s sanﬁb nmeans
for colfecting o”egleﬁﬁ ?fglgf’ %{eﬁﬂfgﬁﬂv@{g&% g@wm
][e8p0nse tpoﬁﬁdﬂéd@oéedlbattméhdctd | aﬁt ponéri jvaRelbn, &hcblil?’gh@ﬁctﬂdt@ﬂ'ﬁp@t&vélwter neans
or separating sai e i ght_ into t four distinct conponent
wavel engt h§ aﬁ%’%&\‘?’@“&‘a‘(fﬁh 3&?&&?‘@? ﬁ@(’ conponent wavel engt h

al ong a separate optical path; and 15 (e) at least four light detectors
responsive to emitted light, each light detector positioned to collect a

di stinct conmpontht vﬁ%@lémlmsr@%ﬁonqrwlym@ed &e%mg WP‘%I ed to

a digiggl mel FEiRHSat Bleffin
m crovtcl)?urrg I asg?ggcanm na%ggllts%rr?g ry (NLg&Ciﬁglon a gmrgpl e obtai ned é? rom an

organi sm 8ighal cutpapfrem ﬂq: tgradnd cl es that emit light with nultiple
wavel engt h conponent s upon illumnation with excitation light, the system
conprising: 25 (a) one or nore sources for said excitation light; (b) means
for scanning sal ex%¢qnavlmddataghdyassﬁtqmenmmsmgm0pmmm scan
rates overf%?,% arrpl e; 30 (c) neans for collecting and descanning the

light emt y said sanple in response to said excitation |i ght
@) storing clinical protocols, wherein each clinical protocol comprises
information on: '
the scan rate required for the optimal detection of said particles;
the bandwidth of each said analog filter means required for the optimal detection of
said particles;
20 the digital sampling rate required for the optimal detection of said particles;
the assay conditions of said sample;
the medical history of said organism; and
algorithms for the analysis of said digital signal output;
25 (i)  controlling said scanning means, said analog filter means, and said
digital sampling means using information from said clinical protocols;
(ili) receiving and storing said digital signal output;
30 (iv)  analyzing said digitai signal output using information from said

clinical protocols to provide data concerning said particles
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(d) a plurality of dichroic fmmmmﬂﬂﬂtmmepar ating said emtted |ight
into a plWOMMPIFL of di stinct Conmponknt® wavel*engt hs and PEFUSAREE| ng each

sai d distinct conponent wavelength ggong a separate optical path; 5 (e) a’
plurality of light detectors responsive to emtted |ight, each |ight

detector positio t&g,?l ed?cg{%g | gﬁ&},ﬁn each i ght
detector operati vre\w Ky oup géﬁ%ﬁgﬂk%%d:@ te?ﬁi%%ﬁrq?\é%t var% abl e
bandw dt h; (f§al¢iP§¥l?l&$ sanpl i ng means operatively coupled to each anal og
filter nmeans and 10 capabl e of operating at a nunber of predetermn ned
digital sanpling rates to provide digital signal output fromeach |ight
detector, and (g) @ikcordeteoniningsheimedical condjtinnofsyid orgenismnsingsherg one or nore

corrpugers and &-&%&lﬂmﬂ gnd(l) storing clinical protocols, wherein each
clinicCal protoco conprlé I nformation on: the scan rate reqU|red for the

opti mal detection of sal d part.i cI es the bandw dth of each said anal og
filter means requi det ction said rticles; 20 the
di gital sanpling ré’l‘g %éed'lgt?’ Eif’t?ﬂﬁ ffﬁ?"é %btf?“g?" d particles;
t he assay concﬁnbemimgsalﬂpanntéssarrpl e; the rredl cal history of said organism
and algorithnms for the analysis of said digital signal output; 25 (ii)

controlling said scanning means, said analog filter means, and said
di gi 4@l sanpl 5.ng rmaﬁﬁemmmgmamgmhmpncbﬂtﬁm:@@uﬁcrebwmmm ot ocol s;

(iii) receiving and st ng said d | t out put,; ,30 ) analy2|ng
~said digP W%@me BE‘% e P! Qﬂ%& %H Bcs'EFrﬁ%F‘{ prot ocol s
t o provi delume tapillay aRk ContgnsSoflbrébaértb uﬁ&&i&ﬁ&&ﬂé&ﬁ&ﬂs&&l&g}&ﬂe&l | 11111
WO 01/ 08081 C L M t%FPCT/ S00/ 11133 38 (v) storing infor mation relating

medi cal CRARFESSs LOPBRYBE NI ng

15 (a)  scanning the fixed volume capillary containing the sample to generate a
plurality of channels of data, wherein each channel of data comprises a distinct detectable
characteristic and a distinct background characteristic;

(b)  sampling each of the channels of data to produce corresponding sets of

20 source pixel values;

© summing the sets of source pixel values to generate a composite image; -

(d) calculating a threshold for particle detection in said composite image;

25
(e) performing particle detection in said composite image using said threshold;
® identifying, for each particle identified in said composite image, the
corresponding pixels in the sets of source pixel values; and
30

(g) analyzing the pixels identified in step (f);

the improvement comprising:



said particles; (vi) determning th JMUHWI)“HII ||umn of said organism
using the 5 information from(5); & )RR Iy ng new i nformation
rel ati ng nedivw@bi/osesidi tions to data concerning said particbpepustodif3s In a
met hod for anal yzing a sanple containi particles to detect and
characterize target particles having an% urality of detectable
characteristics in a fixed. volune capillary that contains a fluorescent
background and whi ch exhi bits background characteristics, the nethod
conprising: 15 (a) s@@nni egcilitigithe@itsHOll forpariiY detdfivn mABYentiityGn 428
sanple to generate a lurality of channel s of data, wherein each channel
of data conpri séﬁt%fsﬂﬁ“gﬂ“ﬁ valjiéfiect abl e characteristic and a distinct
background characteristic; (b) sanpling each of the channels of data to
produce correspondi ng,_sets of 20 source pixel values; (c) summng the sets

of sourde pixel val udd t oPgimingparticle detestion independensly in eaph setofsaurge i ng a
threshol d for p%éghﬁﬁﬁg%g%eggpgﬁ%%&gﬁo%&e i mage; 25 (e)

perform ng particle detection in onposite I mage using said threshol d;
(t) identifying, for each particle identified in said conposite imge, the

di i xel s g t - s X el .. and
el yor g tha bixel o Gl iepdtelcd, 8 aYabRhafinet B Seduallitetelshiite | o ¢
L MS. WO 01/ 08pixe! wdugsisaep (2),1t88 cortdpéndingpikelsinthe remairing seby efsbrcel  or

particlg, detecti i p ently in each set of source pixel values; 5
(i) pe@f orm ng Pg%%??@%e%gt ection independently in each set of source

pi xel val ues using the corresponding threshold; and (iii) identifying, for
each particle identif.ied jn,a. ticul-a t..0of soprce i xel values in
step (2), the corresé’gﬁdiW&lyﬁf’%g'%p’f‘%sf‘#@gg i%?%@’é%‘i@aof source

6. In a method for analyzing a sample containing particles to detect target
15  particles having a plurality of detectable characteristics in a fixed volume capillary that
contains a fluorescent background and which exhibits background characteristics, the
method comprising;+

(@  scanning the fixed volume capillary containing the sample to generate a
20  plurality of channels of data, wherein each channel of data comprises a distinct detectable
characteristic and a distinct background characteristic;

(b)  sampling each of the channels of data to produce corresponding sets of

source pixel values;
25
(©)  summing the sets of source pixel values to generate a composite image;
(d)  -calculating a threshold for particle detection in said composite image;
30 (e)  performing particle detection in said composite image using said threshold;

the improvement comprising:



10 pi xel values; and (iv) anjﬂ"ﬂ!ﬁ@"jmmﬁlﬂlt identified in steps (2) and

(3). 6. In a nethod for anal L taining particle éo det ect

target 15VQ8K80%| es having a plurality of detectable ch%ﬁ’%ﬁnglﬁl lics in a
fixed volune capillary that contain® a fluorescent background and which
exhi bi ts background characteristics, the nmethod conprising;+ (a) scanning

the fixed vol ume ¢gpi| catvlatiRthethfesidd fop particlédercticn ifduperidhely in eacd
plurality of channels of data, erein each channel of data conprises a

di stinct  det detefispwrce pprskvalues withoyt irst synming;the soprce imager A und
characteristic; (b) sanpling each of the channels of data to produce
correspondi ng sets_of source pixel values; 25 (c) sunm ng_the sets of
source pi xel val uéd t opeFéming Ratticledstactian indenepdenly in gagh setof sOPrCR | g a

t hreshol d for,: i h%&ﬁ é&%m" L onposi te image; 30 (e) performng
partﬁgle deté@&?gﬁhﬁﬁﬁs |d@§%%posp?g%?ﬁ§gg using said threshold; the

i nprovenent conprising: 11111111112121 [ | | 1 1211111 111111 * WD 01/08081
CL MS PCT/US00/11133 40 (i) calculating the threshold for particle
detection independently in each set of source pixel values w thout first
summ ng the source images; and (ii) performng particle detection

i ndependently in each set of source 5 pixel values using the correspondi ng
t hr eshol d. : '




