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Description

Fiald of the invention

This invention relates to particle and cell analy-
sis, and more particularly to low-cost high speed
optical technigues for determining the characteris-
tics of individual particles and cells in a medium.

Background of the Invention

In the 70's, the advent of optical and
impedance-based measurements permitted for the
first time relatively rapid automated sizing, count-
ing, and allied investigations of individual cells.
Impedance-based systems, in which cells were
caused to proceed through an orifics, are based on
the proposition that certain cell parameters, princi-
pally related to size, correlate with changes of
impedance at the orifice as cells pass thereth-
rough. Competing with the impedance systems
were garly optical flow cytometry systems, in which
hydrodynamic principles were utilized to pass cells
rapidly, substantially one at a time, through a zone
of focused illumination such as that from a laser
beam. Each cell interacts characteristically with the
beam, and depending variously on light extinction,
narrow and wide-angle scanner, and back scatter
(i.e., reflection), computation algorithms allowed for
substantial discrimination among cell types based
‘on these optical interaction parameters. See, for
sxample, U.S. Patents 3,662,176 to Kamentsky et
al., 3,785,735 to Friedman et al., and 3,705,771 to
Friedman et al.

After a time, principles of optical flow cytome-
try were adapted to ever-increasingly sophisticated
approaches.to analysis. Dyes such as acridine or-
ange, which fluoresce in the presence of certain
types of illumination, were found to be taken up in
different proportions by different types of cells de-
pending on their pathological and morphoiogical
character. See, for example, U.S. Patent 3,684,377
to Adams et al.

Thus, while impedance-based and optical flow
cytometry systems competed vigorously for pre-
dominance in the clinical marketplace, the optical
systems found favor and acceptance in research
laboratories, wherein relatively high instrument
costs, and the associated elaborate processing and
preprocessing steps were easily outweighed by the
powerful and extensive information which could be
tearned on a cell-by-cell basis. In fact, several
major manufacturers came to offer elaborate, pow-
erful optical flow cytometry systems directed to the
research laboratory marketplace, in which plural
lasers were utilized in conjunction with a variety of
sample processing and dyeing techniques, and
wherein elaborate algorithms allowed the basic op-
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tical interaction parameters {i.e. extinction, back
scatter, narrow angle scatter, wide angle scatter.
and plural color fluorescence) to assemble highly
accurate data regarding subpopulations of cells in
the sample. Prime examples of these types of
instruments are those offered under the brand
name CYTOFLUOROGRAF® by Ortho Diagnostic
Systems inc., Raritan, New Jersey, and its pre-
decessors in interest.

Optical flow cytometry instruments therefore
enjoyed an important role in the development of
modern immunology and immunoiogically based
reagents such as those utilizing monocional and
polyclonal antibodies. Earlier immunologic experi-
ments were premised on elaborate incubation and
manual counting and analysis technigues, as well
as manual achievement of physical isclation of
respective subclasses. Along the way, however, it
was determined that optical flow cytometry tech-
nigues could vastly attenuate the duration of such
experiments by providing analysis and sorting on
an automated basis. Thus, the very development of
monoclonal antibodies and the like reagents oc-
curred hand in hand with the continuing refinement
of optical flow cytometry techniques and apparatus.
Moreover, as the various antibody secreting

‘hybridoma ceil lines were developed, and their

characteristic antibodies became available, the op-
tical flow cytometry systems became a modaiity of
choice for use of the antibodies for diagnostic,
monitoring, and the like purposes. For example,
Ortho Pharmaceutical and Ortho Diagnostic Sys-
tems Inc., both of Raritan, New Jersey, have devel-
oped a series of monoclonal reagents under the
"OKT"® trademark, which react selectively with
human T-lymphocyte cells. These monocional anti-
bodies are capable of carrying markers which flu-
oresce in the presence of select illumination, and
hence offer the capability of cellular analysis and
sorting in optical flow cytometry systems. U.S. Pat-
ent 4284412 to Hansen et al. describes and
claims methods and apparatus for automated iden-
tification and enumeration of blood cell subclasses,
such as human T-cell subclasses, through the use
of optical flow cytometry systems. The assignee
hereof, which is also the assignee of the Hansen et
al. patent, offers commercially a line of systems
under the SPECTRUM trademark which is de-
signed in part for these immunologic techniques.
Other manufacturers, as well, have commercially
offered antibodies and instruments which they
claimed are the equivalents of Ortho's reagents
and systems.

(GB-A-1407838 discloses an optical flow
cytometry system in which the celis are isolated by
being made to flow in single file through a capillary
tube. The cells flow past an optical scanning sta-
tion, where successive transverse lines are
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scanned with a mixture of ultra-violet and visibie
light derived from a common source. The modu-
lated light signal is separated and extended to
photomultiplier tubes. The ultra-violet signal is the
primary source of cell information, but the visible
fight signal is electrically subtracted from the ultra-
violet signal to improve the signalmoise ratio, o
filter out non-cellular debris and to amplify the
difference between the nucleus. and the cytoplasm.
After a cell has been scanned, the results of the
various tests performed on the individual line scans
are used to categorise the celt as "normal”, "non-
normal” or "ambiguous™.

FR-A-2072874 relates to the flow analysis of
particles to examine their dimensions and distribu-
tion. In the method, a mobile spot of light scans in
two dimensions an area of moving particles. The
horizontal scan is obtained by means of the tra-
versing of a laser beam by means of a mirror. The
vertical scan is obtained by displacement of the
fluid through a transparent chamber, across which
passes the laser beam effecting horizontal scan-
ning. After having traversed the liquid, the beam
impinges on a photodiode or equivalent photoslec-
tric detector. The particles in the liquid interrupt the
luminous flux reaching the detector, thus giving rise
to a signal indicating the dimensions and separa-
tion of the particles.

(GB-A-048498 relates to a method for detecting
the presence of binucleated lymphocytes in a
blood sample, using an automated microscope to
scan a microscope slide. A prepared slide contain-
ing a blood sample is placed on the stage of a
microscope and adjusted into the starting position.
Operation of a computer associated with the micro-
scope is then begun. An image analysis computer
picks up the images of blood cells from the micro-
scops and controls the overall operation of the
system. If a white blood cell is in the field of view,
its nuclei are counted, after which an output from
the computer causes the stage drive mechanism to
move the slide to the next position. In the method,
selective colouring of the white cell nuclei may be
utilized in such a manner that any field position not
containing the distinctive colour information is im-
mediately passed over without any attempt at
counting. Whenever the distinctive selective cotour-
ing of a white blood cefl is detected, the stage
stops in position to scan the cell for the presence
of at least one nucleus.

Thus, the sciences of immunology and csll
analysis instrumentation have been developed in a
partnership, without which it is doubtful that sither
would have advanced to its present state. The
associated difficulty, however, is that the optical
flow systerns are relatively expensive, and their
elaborate optical and hydrodynamic systems are
mechanically complex and sensitive, and therefore
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tend to be service intensive. Thus, while there is a
strong need to move immunologic analyses to
everyday use in the clinical laboratory, progress
tends to be impeded by the overall system cost
and the high level of effort required to maintain
system accuracy and reliability. Further, there is a
standing need to have test formats and procedures
which require minimal operator sophistication,
which object is not always met in modern optical
flow cytometry immunologic testing techniques.

It is, accordingly, a primary object of the
present invention to provide apparatus and tech-
niques which improve upon and simplify present
optical techniques for immunology and hematolo-
gy. It is a further object to provide instruments for
such analysis which are low in cost, high in reliabil-
ity, and which require minimal sophistication on the
part of the operator.

The method of the present invention and sys-
tems for putting the invention into effect are de-
fined in the appended claims.

Summary of the Invention

Legendary bounty hunters in the Old West
were known to attribute their success to, "looking
where they are, and not where they ain't". In es-
sence, the principles of the present invention apply
the "looking where they are" rationale to auto-
mated immunology and hematology instrumenta-
tion, by scanning samples in a non-flowing medium
at a very rapid rate, looking for one or more key
select parameters which indicate presence of a cell
in question, and upon detection of each cell, there
is conducted a more complete monitoring of all
relevant parameters with respect to that cell, for
example, by halting or slowing the scan while op-
tical parameters are measured. Thereupon, the
scan continues.

Taking this approach results in more accurate
analysis of weak signals than for flow cytometry
systems, in which flow rate must be slowed in
order to retain or improve sensitivity, because flow
systems are limited by the hydrodynamic flow
rates to deliver celis one at a time to the stationary
illumination zone of focused laser light. In accor-
dance with the principles of the present invention,
the laser light is caused actually to seek the celis,
and to inquire individually of them as to the rel-
svant parameters.

In some measure, the principles of the present
invention are facilitated by use of a Bragg cell to
conduct rapid deflection of a stationary laser beam,
thereby to scan an area of a medium containing
the cells to be investigated. Hence, in preferred
embodiments, a stationary lager beam is coupled
to a Bragg cell, which is a crystal having its index
of refraction modulated by uitrasound energy ap-
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plied from attached transducers. The modulated
index of refraction causes the beam to be deflected
at a predetermined angle dependent on the fre-
guency of applied ultrasound, and appropriate fo-
cusing optics causes this scan to view a predeter-
mined dimension of the sample medium. Intensity
ot the light is variable through variation of the
amplitude of the applied ultrasound energy. In such
preferred embodiments, the prepared samples in a
cuvette or the like are moved transversely to the
scanning laser beam, preferably normally thersto.
Optical sensors are appropriately positioned for
detecting relevant interaction of the laser beam
with the cells, for example sensing fight extinction,
narrow angle scatter, wide angle scatter, back scat-
ter or reflection, and fluorescence.

In preferred embodiments, one or more of
these interaction parameters are monitored as the
scan continues. Which one or ones of the param-
eters are monitored will, of course, be dependent
on the sort of cell being investigated, and its char-
acteristic interaction with the laser beam. In any
event, detection of a select combination of one or
more such parameters, indicating presence of a
cell in question, is utilized to cause the system
then to detect the other relevant parameters re-
garding that cell. In preferred embodiments, the
Bragg cell is caused actually to halt the laser beam
on the cell in question while the succeeding param-
eters are detected, but it is foreseen that in alter-
native embodiments, a slower scan rate or continu-
ing rapid scan may continue, while the further
relevant parameters from the cell are read or de-
tectad. For instance, the capacity or facility so to
read the parameters "on the fiy" may depend on
the development of very intensely responsive dyes
for generating appropriate fluorescent signal.

It may also be appropriate for certain celis or
certain circumstances to provide optimization rou-
tines whereby the laser beam will substantially be
centered on the cell before the relevant optical
interaction parameters are detected or monitored.
In an alternative embodiment, such routines may
well utilize a second Bragg cell, scanning the beam
transversely to the first and energized selectively
when the bean is in the region of a cell to be
monitored. Statistical routines premised on com-
binations of Bragg cells and lateral translations may
also be utilized.

I preferred embodiments, the reagents and
the dye preparations therefor will develop with the
art and be amenable to incorporation with the prin-
ciples of the present invention. Present examples,
however, include the aforementioned OKT brand of
monoclonal antibody reagents, stained with a
phycobiliprotein dye in accordance with the teach-
ings of a publication entitled "Fluorescent
Phycobiliprotein Conjugates for Analyses of Cells
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and Molecules”, by Oi, Glazer, and Stryker in The
Journal of Cell Biology, Vol. 93, Jure 1982, pp.
981-986. Such dyes fluoresce in the red light
wavelength region when illuminated with red light.
Thus, a helium neon laser will be incorporated in
embodiments of the present invention for such
interaction. By intention, there results a highly reli-
able, quite inexpensive instrument, inasmuch as
the relatively low power, high reitability helium
neon lasers are among the least costly in the
marketplace, and involve enhanced considerations
of safety and the like.

It is, therefore, a primary feature of the present
invention that rapid immunology and hematology
measuremenis may be taken, a cell at a time, in a
very inexpensive, reliable, and efficient system,
which beneficially utilizes state of the art reagents
and dyes. Ancillary features include relatively sim-
ple protocols and procedures whersby the most
esoteric of diagnostic tests may be performed with
facility by relatively unskilled technicians in the
clinical laboratory.

Description of the Drawings

Fig. 1 shows in schematic form an illustrative
embodiment of the principies of the present inven-
tion.

Fig. 2 shows a tray of receptacles designed for
analysis of a sample with a panel of reagents in
accordance with the principles of the present in-
vention.

Fig. 3 shows an alternative embodiment of the
principles of the present invention.

Detailed Description and Best Mode

Referring first to Fig. 1, there is shown a pre-
ferred embodiment of the principles of the present
invention. In Fig. 1, a laser 101, for example a
helium neon laser, couples light to a lens or lens
system 102 which expands the laser beam to cre-
ate a spot of appropriate character for scanning.
Light from lens system 102 is coupied to a scan-
ning mechanism 103, preferably a single Bragg
cell, but alternatively a pair of respectively or-
thogonat Bragg cells. Ultrasound energy apptied to
the extremes of the Bragg cell therefore causes a
deflection of the light from the lens 102, which
deflection is scanned through the angles shown in
Fig. 1. Inasmuch as the scanned beam from the
Bragg cell or cells 103 is radially directed, another
lens 104 deflects the beams and causes all to be
substantially paralle! to one another.

Bragg cells suitable for use in accordance with
the principles of the present invention are manufac-
tured by Matsushita Co. of Japan, and distributed
in the United States under the trademark INRAD by

LI
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Interactive Radiation Inc., 181 Legrand Avenue,
Northvale, NJ. Another suitable cell is marketed
under the Isomet brand by Isomet Corp. of Spring-
field, VA. Both companies offer a variety of devices
of specification suitable for the optical systems
described herein.

Beams from the parallelizing lens 104 are fo-
cused upon a cuvette 105 which carries samples,
and which in turn is driven transversely to the
direction of scanning of the beam. As shown, the
beam is normal to the cuvette. In fact, that angle of
incidence of the beam may also be oblique. Here-
in, the term "tranverse” is used to encompass any
such angle. In particular, in Fig. 1, a motor 106
turns a screw 108, upon which piatform 107 is
translated, in turn translating the sample cuvette
105 which is carried thereon. In preferred embodi-
ments, this transiation of the sample 105 by motor
106 occurs at a continuous, predetermined rate,
while the beam is scanning the sample normally
thereto at a much greater rate. As a conseguence,
the sample is scanned in a band defined by the
laser beam scanning in the one direction (i.e.,
vertical), and the physical lateral transiation of the
sample in the other (i.e., horizontal). Of course,
those of ordinary skill may wish, for some applica-
tions, also to vary the rate of such translation.

Light passing through the sample cuvette 105
is collected by a collection lens 109, and coupied
to sensors which monitor or detect the interaction
of the laser beam with cells of the sample in the
cuvette 105. In particular, a centrally located sensor
111 monitors extinction and narrow angle scatter of
light by cells of the sample, and scatter sensors
112 menitor the amount of light which has been
scattered more widely by cells on the cuvette.
Thus, the narrow angle sensor 111 and the wide
angle sensors 112 together provide the capacity to
measure extinction and wide and narrow angle
scatter of light impinging on cells or particles at the
sample 105.

The apparatus of Fig. 1 also shows capacity for
measuring fluorescence, principally by means of
one or more color filters 113, and associated
photodetector or detectors 114. For example, if the
laser 101 is & red light helium neon taser, and cells
in the sample are prepared with a dye which emits
red fluorescence whan stimulated by red light, filter
113 will be designed so as to permit only fluores-
cent light to impinge on the photodetector 114, In
the event of multiple color fluorescence emissions,
there will of course be required a corresponding
multiplicity of photomultiplier tubes 114 and filters
113

It is to be understood that while the principles
of the present invention employ sensors 111, 112,
113, and 114 for monitoring and detection of signal
resulting from interaction of the laser light with the
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cells, the mechanisms embodying such apparatus
are conventional, and in preferred embodiments
are constituted simply of like detection apparatus
from flow cytometry systems. Clearly, in order for
all of the sensors to work most efficiently with one
another, conventicnal optics involving dichroic mir-
rors, beam spiitters, and the like may be utilized in
order to meet the logical imperatives of the system.
The optical system shown, in which detector 114 is
behind sensors 111 and 112, provides adequate
fluorescence for beneficial operation in accordance
with the principles of the present invention. Further,
the precise relative physical sizes of the various
sensors, while shown symbolically in Fig. 1, will
vary in accordance with the needs of designers of
ordinary skill. In aft events, however, the design of
the sensing efements is well within the level of
ability of those of ordinary skill in the art.

In an illustrative embodiment, the motor 106
causes the sample 105 io translate at a rate of
0.001 um per microsecond, while the Bragg cell
103 is causing the sample to be scanned at a rate
in the range of 1 to 10 um per microsecond. Thus,
it will be seen that the vertical scan is very sub-
stantially more rapid than is the horizontal "scan”
or translation, and in fact on a relative instanta-
neous basis, the sensors 111, 112, 113, and 114
"see” the moving cuveite as being stationary rela-
tive to the very rapid vertical scan. Morgover, even
if the cells or particles of the sample are not fixed
thereto, and even if the sample is vertical as shown
in Fig. 1, floating or drifting of the cells on the
sampie normally occurs at the rate of 107% um per
microsecond, which is quite slow even compared
to the rate of transiation. Thus, at thase rates, even
free floating cells on the cuvette 105 may be
deemed to be stationary from the standpoint of
rates both of vertical and horizontal scan of the
light beam.

It will be noted that the beam emergent from
the laser 101 and the beam expander lens 102 is a
spot essentially of Gaussian distribution, with peak
intensity in the center, falling off in Gaussian fash-
ion radially thereabout. Other than initiating scan-
ning, the Bragg cell 103 does not substantially
change this function. Hence, in simplest embodi-
ments, wherein but a single Bragg cell 103 deflects
and scans the beam in one direction (e.g., vertical),
and linear translation accounts for scanning in the
transverse direction, it may be desirable to incor-
porate provision for centering the beam on the cell
prior to detailed investigation. In such event, the
second, transverse Bragg cell {with associated op-
tics) may be additionally employed at 103 for pro-
ducing a limited horizontal scan of the beam once
the vertical Bragg scanning has indicated presence
of a cell, thus to fine tune the location of the beam
on the cell, and to have the highest intensity of




iltumination available for optical interaction with the
cell.

In operation then, once the cells have been
prepared on the cuveite 105 for analysis, the sys-
tem is energized and the cuvette is transtated in
the horizontal direction shown. Meanwhile, the fre-
quency of ultrasound applied to the Bragg cell is
varied, causing the laser beam to be scanned up
and down in the vertical direction, while a predeter-
mined one or ones of the sensors are conditioned
to receive signals. Which one or ones are so se-
lected will of course depend on the type of cells
under investigation. For example, presence of lym-
phocytes could primarily be detected through the
forward scatter detector 111, whereas granulocytes
could primarily be detected at the wide angle scat-
ter sensors 112. in any event, occurrence of an
optional value of this key select parameter, indicat-
ing optimal illumination of the cell in guestion on
the cuvette 105, is utilized to stop the change of
frequency of ultrasound signals at the Bragg cell
103, and hence to maintain the laser spot at that
point. Thereupon, the signal available at all the
sensors is detected, and correlated to indicate
characteristics of the cell under investigation. This

halt occurs for a predetermined time, for example

for times slightly in excess of the dye bleaching
time, that is the time during which fluorescent
signal is available. Thereupon, vertical scanning of
the Bragg cell 103 is reinstated, and the search
continues for still other cells. It will be noted that in
preferred embodiments, the vertical scan of the
beam by the Bragg cell was halted, whersas the
lateral translation of the whole cuvette, being much
slower, continued unabated. During the scanning or
monitoring phase of the analysis it may be desir-
able to change the intensity of the transmitted laser
beam by varying the amplitude of the applied ul-
trasound. For example, dye bigaching during scan-
ning can be reduced by such utilization of lower
intensity during the scan, and increased intensity
during the monitoring of the rest of the parameters.

It will therefore be apparent that the cuvette
105 has few critical parameters in accordance with
the principles of the present invention. Generally,
these relate simply to the ability to hold a reason-
able amount of sample, and to be nonreactive with
light from the laser, and transmissive of such light
to the collection lens 109. In its simplest form,
then, the cuvette 105 may be, as shown, a pair of
microscope slides bonded together and holding the
sample therebetween. A more complex embodi-
ment is shown hereinafter. In preferred embodi-
ments, the depth or thickness of the sample, from
the standpoint of light transmissivity, will be in the
range of 20 cell diameters.

It is to be noted that embodiments taught here-
in physically translate the sample, and keep the
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laser and Bragg scan mechanism stationary. while
scanning the beam across the sample. Both meth-
ods are contemplated herein when using the term
"translating” the medium relative to the beam.

As previously mentioned, one class of reagents
which is suitable for use in conjunction with the
principles of the present invention is the "OKT"
brand series of monoclonal antibody reagents,
which have various prescribed affinities and hence
have respective capacities to identify correspond-
ing subclasses of lymphocytes. These antibodies,
their character and characteristic affinity, their prep-
aration and their use are described in U.S. Patents
4363,799; 4,361,549, 4,381,295, 4,364,932
3,364,933, 4,361,550, 4,364,934, 4,364,935
4,364,937, 4,364.936. In general, they may be used
either with a manual preparation procedure, or an
automated procedure. For some tests, but a single
antibody may yield adequate diagnostic results.
For others, more than one antibody {e.g. with dif-
ferent fluorescent responses) may be used in a
single test. In still other events, it is foreseen that a
panel of such antibodies, each involving a respec-
tive successive test, may be utilized in accordance
with the principles of the present invention in con-
junction with one another to yield a specific di-
agnostic result in combinatorial fashion.

in a manual procedure, a series of test vials is
to be selected, each having a different. characteris-
tic antibody reagent. The patient panel is thereby
formed, and a whole blood sample of predeter-
mined size is added to each such sample vial.
After a suitable incubation period, for example thir-
ty minutes, subsequent reagenis may be added,
for example a lysing reagent to remove red cells.
Thersupon, the processed sample is placed in a
cuvette and analyzed in accordance with the princi-
pies of the present invention. For such analyses, it
is noteworthy that the lysis of red cells takes place
quickly, and that white cells are lysed by the same
reagent at a somewhat slower rate, such that the
employment of the principles of the present inven-
tion should take place in that time period, for
example a two-minute interval. It will be appre-
ciated that the rapidity and accuracy of the princi-
ples of the present invention provide most welcome
relief to manual or to less rapid automated meth-
ods in accordance with the prior art.

An automated approach to this preparation pro-
cess will be evident from consideration of the ex-
emplary fluidic system set forth in Fig. 2. In Fig. 2,
a tray 201 carries a series of vials 202, 203, 204,
and 210, each of which is adapted for a different,
successive test. As shown in Fig. 2, each such vial
has a finned handie which in turn carries indicia of
the reagent and test associated therewith. Such
indicia may take the form of a bar code for auto-
mated scanners, such as shown, or alternatively
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may take the form of various human or machine
readable codes. In any svent, a number of such
vials constituting a panel for analysis of a sample is
selected, and the entire carousel is inserted into a
suitable system such as the onms shown in Fig. 3.
As the vial code 206, 211, etc. is read, an asso-
ciated test will be designated, it being understood
that samples aiso need be added to each vial
Assuming exemplary tests as previously described,
lysing reagent is added. is incubated for a short
time (e.g., 20 seconds), and the lysed sample is
applied to the cuvette. The cuvette in turn is
scanned, the results are noted, and the system is
prepared for yet another test. In the event that a
single cuvette system such as shown in Fig. 1 wil
be utilized, there may be total replenishment or
washing of the individual cuvettes. In the event that
an automated system, is to be utilized, an imer-
mediate wash step will clean the cuvette, and the
process will be repeated.

Referring next to Fig. 3, there is shown an
alternative embodiment of the principles of the
present invention. In essence, Fig. 3 shows a sys-
tem which is somewhat more advantageously pack-
aged, and which includes a disposable cuvette
which ts adapted 1o successive tests constituting a
panel of investigations. Otherwise, however, in
structure and in principle the embodiment of Fig. 3
is diractly analogous to that of Fig. 1.

For compactness, the apparatus of Fig. 3 is
packaged on respective supports 400 and 410,
which as desired may be located directly above
one another, as shown, thereby foreshortening the
length of the Fig. 1 system. On the top support 400
is a laser 401, which dslivers its light beam to a
beam expander 402, The beam from expander 402
is coupled through a Bragg cell 403, and from
there to a focusing system comprising lenses 404
and 408 and a mirror 405. The beam from the
Bragg cell 403 is therefore coupled to and through
a disposable sample cuvette 407,

It will be appreciated that the cuvette 407,
which is a carousel in structure, includes recepta-
cles such as 431, 432, 433, and the like which are
adapted to receive and carry the sample. Peripher-
ally disposed thereabout, are sample cuvette sec-
tions 425, 426, 427, and the like in which the
prepared sample is scanned. The receptacles 431,
etc. communicate with the sections 425, etc.
through passageways as shown. Each such section
425, 426, etc. is of transparent constituency, such
that light from the mirror 405 through lens 406
passes through the sample in the section, and
thence down to the collection lens 408, a mirror
409, and to the various detectors of the Fig. 3
system. It will be seen that the sample cuvette 407
is rotatable about a central axis (e.g. by a motor,
not shown), and hence that the successive sample
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sections are rotated (i.¢. translated) through the
area occupied by the beam. The Bragg cell is
adapted to deflect the beam in the vertical direction
shown, and hence after reflection by the mirror
405, the beam translation, and hence the scanning,
occurs radially to the sample cuvette 407.

In other respects, the embodiment of Fig. 3
operates similarly to those previously described
herein. That is, scatter detectors 411, 412, and 413
serve functions analagous to the scatter detectors
of Fig. 1, and a lens 414 couples fluorescent ema-
nation from celils of the sample to a fluorescence
detector 415, which integrally includes both filters
and defector means. The timing, control, and op-
eration aspects of the unit, although not shown, are
identical to those set forth in conjunction with the
previous embodiment. That is, but for the rotation
of cuvette 407 rather than direct translation of the
slide form cuvette of Fig. 1, and the radial rather
than vertical direction of bearmn scanning, the em-
bodiment of Fig. 3 is essentially the same as that
of the previous embodiments.

it is to be pointed out that the embodiments set
forth herein, and the principles of the present in-
vention, relate to the apparatus and mode of inves-
tigating the cells. It is to be understood that signals
from the detectors such as 411, 412, 413 and 415
of Fig. 3 require processing in order to derive
meaningful output histograms, or the like signals.
To the extent that this is so, the processing and
computing apparatus, the software routines, and
the overall rationaie therefor are at the minimum
the same as those employed for like classes of
cells and like reagents in tiow cytometry systems.
Therefore, it is anticipated that at the least. prior art
flow cytometry processing and display apparatus
may be utilized in accordance with the principles of
the present invention. Those of ordinary skill will,
based on this apparatus, have no difficulty fashion-
ing timing and control circuitry for intermittent op-
eration of the Bragg cell and the sample cuvettes
in timed correspondence with the operation of the
detectors. To the extent required the various flow
cytometry system patents are cited in the Back-
ground section hereof for purposes of signal pro-
cessing and control apparatus.

It will be further appreciated that the foregoing
has set forth preferred and illustrative embodiments
of the principles of the present invention, but that
numerous alternative embodiments will occur to
thase of ardinary skill in the art without departure
from the scope of the present invention.

Claims

1. A method of analyzing particles in a non-flow-
ing medium based on select opticaily stimu-
lated characteristics associated with the par-
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ticles, comprising the steps of:

a) scanning the medium with a zone of
focused illumination;

b) while scanning, monitoring the medium
for at least one of said characteristics:

c) halting or slowing the scan upon occur-
rence of said select characteristic;

d) monitoring the others of said characteris-
tics during the halt or during the slow scan;
and

e) upon completion of said monitoring step
d), resuming the scanning as before step c).

A method as claimed in claim 1, wherein said
particles are cells, wherein said method first
comprises treating said cells with an optically
sensitive reagent which reacts with select sub-
classes of said celis and wherein said char-
acteristics include light scatter, extinction and
fluorescence.

A method as claimed in claim 2, wherein said
reagent includes optically labelled antibody
which selectively reacts with antigenic deter-

minants associated with said select subclas-

sSes.

A method as claimed in any one of claims 1 to
3, wherein said scanning step includes the
steps of:
a) providing a coherent light beam to said
medium;
b) physically translating said medium in a
given direction; and
c) deflecting said beam at least in a direc-
tion transverse 1o said given direction.

A method as claimed in claim 4, wherein said
deflecting step comprises passing said beam
through a Bragg cell (103, 403), while modulat-
ing the optical transmission characteristics of
the Bragg cell (103, 403}.

A method as claimed in claim 4 or claim 5,
wherein said halting step includes first halting
said transverse deflection upon occurrence of
said select characteristic and then conducting
further predetermined scanning of said beam
relative to said medium in order to optimize
interaction of said beam with the particle hav-
ing caused said occurrence.

A method as claimed in claim 8, wherein said
further scanning step comprises providing still
turther beam deflection generally in said given
direction.

A method as claimed in claim 6, wherein said
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physical translation is substantially continuous
and unabated. and wherein said further scan-
ning results from incidence of the bheam on the
transiation medium.

A system for analyzing particles in a non-
flowing medium based on select optically stim-
ulated characteristics associated with the par-
ticles, comprising:
a) a source (101, 401) of illuminatiory;
b) means (103, 106-108, 403) for scanning
the illumination over the medium with a
zane of focused illumination;
¢} means (111-114, 411-414), while scan-
ning, for monitoring for at least a select one
of said characteristics:
d) means, responsive to said means for
monitoring, for halting or slowing said
means for scanning for a predetarmined
time upon occurrence of said select char-
acteristic and for resuming the scanning as
carried out by means b} upon comptletion of
the operation of means e); and
&) means (111-114, 411-414) for monitoring
the others of said characteristics during said
predetermined time.

A system as claimed in claim 9, wherein said
source {401) includes a laser, and wherein said
means for scanning includes a Bragg cell (103,
403) for deflecting the laser beam in a first
direction, and means (106-108) for translating
said medium transversely to said first direction.

A system as claimed in claim 10, wherein said
means for scanning further includes a second
Bragg cell for deflecting said beam in a direc-
tion transverse to said first direction.

A system as claimed in any one of claims 9 to
11, wherein said first means for maonitoring
comprises at least one of: light extinction sen-
sors {111, 411), narrow angle light scatter sen-
sors (111, 411), wide angle light scatter sen-
sors {112, 412), fluorescence sensors {113,
114, 413, 414) and back scatter sensors.

A system as claimed in claim 12, wherein said
other means for monitoring comprises select
others of said sensors.

A method of analyzing particles in a non-flow-
ing medium based on opticaily stimulated
characteristics associated with the particles
comprising the steps of:

a) scanning the medium with a zone of

focused illumination;

b) monitoring the medium for occurrence ol
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at least one select optical characteristic:

¢) enabling the detection of others of said
characteristics upon occurrence of said se-
lect characteristic; and

d} continuing the scan.

A method as claimed in claim 14, wherein said
scanning step involves said scanning at a first
amplitude of focused illumination, whersin said
enabiing step includes increasing the intensity
of said focused illumination to a second am-
plitude, and wherein said continuing step in-
cludes the step of reducing intensity of said
focused illumination back to said first level,

A system for analyzing particles in a non-
flowing medium based on select optically stim-
ulated characteristics associated with the par-
ticles, comprising:
a) a source of illumination {101, 401)
b) means (103, 106-108, 403) for scanning
the ilumination over the medium:
€) means (111-114, 411-414) for monitoring
for at least a select one of said characteris-
tics;
d) means, responsive to said means for
monitoring, enabling the detection of others
of said characteristics for a predetermined
time after occurrence of said select char-
acteristic.

A system as claimed in claim 16, wherein said
means for scanning includes means for varying
the intensity of illumination conveyed to said
medium, said intensity being normally main-
tained at a relatively lower level, and being
increased to a predetermined upper level upon
occurrence of said select characteristic.

Revendications

Un procédé d'analyse de particules dans un
milieu non coulant basé sur des caractéristi-
gques choisies stimulées optiqguement asso-
ciées aux particules comprenant les étapes
consistant &:
a) balayer le milieu & l'aide d'une zone
d'éclairage focalisé;
b} pendant le balayage, surveiller le milieu
quant a I'une au moins desdites caractéristi-
gues;
c) arréter ou ralentir le balayage lors de
I'apparition de ladite caractéristique choisie:
d) survetiler les autres dites caractéristiques
pendant I'arrét ou pendant le batayage lent;
et
e) & l'achévement de ladite étape de sur-
veillance d), reprendre le balayage comms
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avant I'étape c).

Ur procédé selon la revendication 1 dans le-
guel lesdites particules sont des cellutes, dans
lequet ledit procédé comprend en premier lieu
un traitement desdites cellules & l'aide d'un
réactif optiquement sensibie qui réagit avec
des sous-classes choisies desdites cellules et
dans lequel lesdites caractéristiques compren-
nent une diffusion, une extinction et une fluo-

rescence de lumiére.

Un procédé selon la revendication 2, dans
lequel ledit réactif comprend un anti-corps
marqué optiqguement qui réagit sélectivement
avec des determinants antigénes associés aux-
dites sous-classes choisies.

Un procédé selon I'une quelconque des reven-
dications 1 a4 3, dans lequel ladite étape de
balayage comprend des étapes consistant &:
a) amener audit milieu un faisceau lumineux
cohérent;
b) déplacer physiquement en transiation ls-
dit milieu dans une direction donnée; st
c) défléchir tedit faisceau au moins dans
une direction transversale 2 ladite direction
donnée.

Un procédé selon la revendication 4, dans
lequel ladite étape de déflexion comprend un
passage dudit faisceau i travers une celluie de
Bragg (103, 403) tandis que les caractéristi-
ques de transmission optique de la cellule de
Bragg (103, 403) sont modulées.

Un procédé selon la revendication 4 ou la
revendication 5, dans lequel ladite étape d'ar-
rét comprend en premier lieu un arrét de ladite
déflexion transversale lors de I'apparition de
ladite caractéristigue choisie et ensuite la mise
en oeuvre d'un balayage prédéterming uité-
rieur dudit faisceau par rapport audit milieu
afin d'optimiser {'interaction dudit faisceau
avec la particule qui a provoqué ladite appari-
tion.

Un procédé selon la revendication 6, dans
lequel ladite étape de balayage ultérieure com-
prend encore une continuation de la poursuite
de la déflexion du faisceau généralement dans
ladite direction donnde

Un procédé selon la ravendication 8, dans
lequel ladite translation physique est sensibie-
ment continug et non réduite, et dans lequel
ladite poursuite du balayage résulte de l'inci-
dence du faisceau sur le milieu en translation.
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Un systtme d'analyse de particules dans un
milieu non coulant basé sur des caractéristi-
ques choisies stimulées optiquement asso-
ciées aux particules comprenant:
a) une source d'éclairage (101, 401);
b) des moyens (103, 106-108, 403) pour
balayer I'éclairage sur le milisu en réalisant
une zone d'éclairage focalisé;
c) des moyens (111-114, 411-414) pour sur-
veiller, pendant le balayage, quant au mains
une caractéristique choisie parmi lesdites
caractéristiques choisies;
d) des moyens, sensibles auxdits moyens
de surveillance, pour arréter ou ralentir ledit
moyen de balayage pendant un temps pré-
déterminé lors de I'apparition de ladite ca-
ractéristique choisie et pour reprendre le
balayage effectué par les moyens b) de
I'ach&vement de la mise en oeuvre des
moyens e); et
8) des moyens (111-114, 411-414) pour sur-
veiller les autres parmi lesdites caractéristi-
ques pendant le temps prédéterminé.

Un systtme selon ia revendication 9, dans
lequel ladite source (401} comprend un laser,
et dans leguel ledit moyen de balayage com-
prend une cellule de Bragg (103, 403) pour
défléchir le faisceau laser dans une premiére
direction, et des moyens (106, 108} pour met-
tre en translation ledit milisu transversalement
a ladite premiére direction.

Un systéme selon la revendication 10, dans
lequet ledit moyen de balayage comprend en
outre une deuxiéme cellule de Bragg pour
défléchir ledit faisceau dans une direction
transversale 2 ladite premiére direction.

Un sysiéme selon I'une queiconque des reven-
dications 9 a 11, dans leque! ledit premier
moyen de surveillance comprend au moins
I'un des éléments suivants: des capteurs d'ex-
tinction de lumiére (111, 411), des capteurs de
diffusion lumineuse de petit angle (111, 411),
des capteurs de diffusion Jumineuse de grand
angle (112, 412), des capteurs de fluorescence
{113, 114, 413, 414) ot des capteurs de rétro-
diffusion.

Un systéme selon ia revendication 12, dans
lequel lesdits autres moyens de surveillance
comprennent d'autres capteurs choisis parmi
lesdits capteurs.

Un procédé d'analyse de particules dans un
milieu non coulant basé sur des caractéristi-
ques optiques stimulées associées aux parti-
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cules comprenant les &tapes consistant a:

a) balayer le milieu & l'aide d'une zone
d'éclairage focalisé;

b) surveilier le milisu quant & 'apparition
d'au moins une caractéristique optique choi-
sig;

¢) permettre la détection d'autres desdites
caractéristiques lors de I'apparition de ladite
caractéristigue choisie; ot

d) continuer le balayage.

Un procédé selon la revendication 14, dans
lequel ladite étape de balayage comprend ledit
balayage & une premiére amplitude d'éclairage
focalisé, dans lequel ladite étape permettant
une autre détection comprend I'augmentation
dans lintensité dudit éclairage focalisé & une
deuxieme ampiitude, et dans lequel ladite éta-
pe de continuation comprend 'étape de réduc-
tion d'intensité dudit éclairage focalisé en re-
tour audit premier niveau.

Un systéme d'analyse de particules dans un
milieu non coutant basé€ sur des caractéristi-
ques choisies stimulées optiquement asso-
ciées aux particules comprenant:
a) une source d'éclairage (101, 401);
b) des moyens (103, 106-108, 403) pour
balayer I'éclairage sur le milieu;
¢) des moyens {111-114, 411-414) pour sur-
veiller au moins quant & une caractéristique
choisie parmi lesdites caractéristiques;
d) des moyens, sensibles auxdits moyens
de surveillance, permettant la détection
d'autres desdites caractéristigues pendant
un laps de temps prédéterminé aprés I'ap-
parition de ladite caractéristique choisie.

Un systéme selon la revendication 16, dans
lequel ledit moyen de balayage comprend un
moyen de variation de l'intensité d'éclairage
envoyé sur ledit milieu, ladite intensité &tant
normalement maintenue & un niveau relative-
ment inférieur, et étant accrue & un niveau
supérieur prédéierminé lors de l'apparition de
ladite caractéristique choisie.

Patentanspriiche

1.

Vertahren zur Untersuchung von Partikein in
einem nichtfliefenden Medium aufgrund von
ausgewahlten optisch stimulierten Characteri-
stika, die den Partikeln zugeordnet sind, ent-
haitend folgende Schritte:
a) Abtasten dss Mediums mit einer Zone
fokussierten Lichts;
b} wihrend des Abtastens, das Uberwachen
des Mediums auf wenigstens eines der

~
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Characteristika;

¢) Anhalten oder Verlangsamen des Abta-
stens nach dem Auftreten dar ausgewdhlten
Charakteristik;

d) Uberwachung der anderen Charkateristi-
ka widhrend des Anhaltens oder des Ver-
langsamens; und

e) noch Vollendung des Uberwachungs-
schritts d), Wiederaufnehmen des Abtast-
vorgangs wie zuvor in Schritt c).

Verfahren nach Anspruch 1, wobei die Partikel
Zellen sind, wobei das Verfahren erstens eine
Behandlung der Zallen mit sinem optiscih
empfindlichen Reagens enthdlt, das mit ausge-
wihlten Unterklassen der Zellen reagiert und
wobei die Charakieristika Lichtbrechung, Aus-
{8schung und Floursszenz beinhalten.

Verfahren nach Anspruch 2, wobei des Rea-
gens inen optisch markierten AntikGrper ent-
hdlt, dar wahiweise mit einem antigenischen
Determinanten in Verbindung reagiert, der der
ausgewdhliten Unterklasse zugeordnet ist.

Verfahren nach sinem dar Ansprlche 1 bis 3,
wobei der Abtastschritt folgende Schritte ent-
halt:
a) Erzeugen eines kohirenten Lichtstrahls
auf das Medium;
b) physikalische Bewegung das Mediums in
eine vorbastimmte Richtung; und
¢) Ablenksn des Strahls wenigstens in eine
Richtung quer zu der vorbestimmien Rich-
tung.

Verfahren nach Anspruch 4, wobei der Ablenk-
schritt das Leiten des Lichtstrahls durch eine
Bragg-Zelle (103, 403) enthdlt, wihrend die
optische Ubertragungscharakteristik der Bragg-
Zelle (103, 403} moduliert wird.

Verfahren nach Anspruch 4 oder 5, wobei der
Anhalteschritt das erste Anhalten der Querab-
lenkung nach dem Aufireten der ausgewdhiten
Charakteristik enthilt und dann das Ausflhren
gines weiter vorbestimmten Abtastvorgangs
des Strahls relativ zu dem Medium, um die
Wechselwirkung des Stragls mit dem Partikel,
das dieses Auftreten verursacht, zu optimieren.

Verfahren nach Anspruch 6, wobei der weitere
Abtastschritt das Erzeugen noch einer weiteren
Strahlablenkung in im wesentlichen die vorbe-
stimmte Richtung enthélit.

Verfahren nach Anspruch 8, wobei die physika-
lische Bewegung im wesentlichen kontinuier-
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lich und unvermindert verlduft, und wobei das
weitere  Abtasten aus dem Auftreffen des
Strahis auf das Bewegungsmedium resultiert.

Verfahren zur Untersuchung von Partikeln in
einem nichtflieBenden Medium aufgrund von
ausgewihlten optisch stimulierten Charakteri-
stika, die den Partikein zugeodnet sind, enthal-
tend:
a) eine Lichtquelle (101, 401);
b} eins Einrichtung {103, 106-108, 403) zum
Lenken des Lichts Uber ein Medium mit
giner Zone fokussierten Lichts;
c) eine Vorrichtung (111114, 411-414) zur
Uberwachung wenigstens einer der ausge-
wihlten Charakteristika wdhrend des Abta-
stens;
d) eine Einnchtung, die auf die Einrichtung
2ur Uberwachung anspricht, zum Anhaiten
oder Verlangsamen der Einrichtung zum
Abtasten flir eine vorbestimmits Zeitdauer
nach dem Auftreten der ausgewihiten Cha-
rakteristik und zum Wiederaufnehmen des
Abtastens, wie es durch die Einrichtung b)
nach der Vollendung des Betriebs der Ein-
richtung e) geschieht; und
e} eine Einrichtung {111 - 114, 411 - 414)
zur Uberwachung der anderen Charakteristi-
ka wahrend der vorbestimmten Zeit.

System nach Anspruch 9, wobei die Quelle
(401) einen Laser enthdlt, und wobei die Ein-
richtung zum Ablenken eine Bragg-Zelle (103,
403) beinhaltet, zum Ablenken des Leser-
strahls in eine erste Richtung und eine Einrich-
tung (106 - 108} zum Bewegen des Mediums
quer zu der ersten Richtung.

System nach Anspruch 10, wobei die Einrich-
tung zum Ablenken weiterhin eine zweite
Bragg-Zelle enthilt zum Ablenken des Strahis
in eine Richtung quer zu der ersten Richtung.

Systern nach einem der Anspriiche 9 bis 11,
wobei die erste Einrichiung zur Uberwachung
wenigstens einen der folgenden Einrichtungen
enthait: Lichtausl@schsensoren (111, 411),
Engwinkeistrahlstreusensoren (11, 411), Weit-
winkellichistreusensoren {112, 412),
Flourenszenz-Sensoren {113, 114, 413, 414)
und Riickstreuungssensoren.

System nach Anspruch 12, wobei die anders
Einrichtung zur Uberwachung ausgewihlte an-
dere der Sensoren enthilt.

Verfahren zur Untersuchung von Partikeln in
einem nichtfliefenden Medium basierend auf
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K optisch stimuiierten Charakteristika, die den

Partikeln zugeordnet sind, enthaltend folgende

' Schritte:
a) Abtasten des Mediums mit einer Zone
fokussierten Lichts; 5
b) Uberwachung des Mediums auf ein Auf-
treten wenistens einer der ausgewihlten op-
tischen Charakeristik;
¢} Ermdglichung der Erkennung anderer der
Charakteristika nach dem Aufireten der aus- 10
gewdhlten Charakteristik; und
d) Forttlihrung des Abtastens.

15. Verfahren nach Anspruch 14, wobei der Ab-
tastschritt das Abtasten bei einer ersten Ampli- i5
tude fokussierten Lichts beinhaltet, wobei der
Ermé&glichungsschritt das Erh&hen der Intensi-
tét des fokussierten Lichts auf eine zweite Am-
plitude beinhaitet, und wobei der Fortfahrschritt
den Schritt der Reduzierung der Intensitiit des 20
fokussierten Lichts zurlick auf dem ersten Pe-
gel beinhaitet.

16. System zur Untersuchung von Partikeln in &i-
nem nichtfliefenden Medium, basierend auf 25
ausgewdhiten optisch stimulierten Charakteri-
stika, die den Partikeln zugeordnet sind, ent-
haltend:
a) eine Lichtquelle {101, 401)
b) eine Einrichtung (103, 106 - 108, 403) 30
zum Ablenken des Lichts Uber das Medium;
c) eine Einrichtung (11 - 114, 411 - 414) zur
Uberwachung wenigstens einer der Charak-
teristika;
d) eine Einrichtung, die auf die Einrichtung 35
zur Uberwachung anspricht, wobei die Er-
kennung von anderen der Charakteristika fiir
gine vorbestimmte Zeit nach dem Auftreten
der ausgewdhlten Charakteristik ermd&glicht
wird. 40

17. System nach Anspruch 16, wobei die Einrich-
tung zum Ablenken eine Einrichtung enthilt,
zum Variieren der Lichtintensitit, die auf das
Medium Ubertragen wird, wobei die Intensitit 45
normaierweise bei einem relativ niedrigen Pe-
gel gehalten wird und auf einen vorbestimmten
oberen Pegel noch dem Auftreten der ausge-
wihlten Charakteristik erh&ht wird.
50

55

12




EP 0 160 568 B1




-
m
0
w0
w
L=
o0
-
o
n
[F1]

FIG-2




EP 0 160 568 B1

£V 90v

———— N 2ob £Or
100

1




TIMED: 12/05/92 09:34:20
PAGE: 1

REGISTER ENTRY FOR EP0O160568 //
European Application No EP85303055.9 filing date 30.04.1985 .~

Priority claimed:
01.05.1984 in United States of America - doc: 605732

Designated States BE CH DE FR GB IT LI NL SE
Title METHODS AND APPARATUS FOR ANALYSIS OF PARTICLES AND CELLS
Applicant/Proprietor

ORTHO DIAGNOSTIC SYSTEMS I“E,; Route 202, Raritan New Jersey 08669, United
States of Americsa [ADP No. 50184753003]

Inventors
RUSSELL J. GERSHMAN, 93 Plymouth Street Box 502, Middlesborough, MA 02346,
United States of America [ADP No. 53629358001)

ROBERT A. HOFFMAN, 130 Balcom Street, Mansfield, MA 02048, United States
of America [ADP No. 53629366001]

GARLAND J. O'CONNELL, 231 Uplannd Road, Newtownville, MA 02160, United
States of America {ADP No. 53629374001]

Classified to
GlAa
GO1N

Address for Service
CARPMAELS & RANSFORD, 43 Bloomsbury Square, LONDON, WClA 2RA, United
Kingdom [ADP No. 00000083001]

EPO Representative
ALAN JOHN JONES, CARPMAELS & RANSFORD 43 Bloomsbury Square, London, WC1A
2RA, United Kingdom [ADP No. 50873736001}

Publication No EP0160568 dated 06.11.1985
Publication in English

Examination requested 30.04.1985
-
Patent Granted with effect from 01.04.1992 (Section 25(1)) with title METHODS
AND APPARATUS FOR ANALYSIS OF PARTICLES AND CELLS.

-

16.04.1987 EPO: Search report published on 15.04.1987
Entry Type 25.11 Staff ID. Auth ID. EPT

02.03.1992 CARPMAELS & RANSFORD, 43 Bloomsbury Square, LONDON, WClA 2RA,
United Kingdom [ADP No. 00000083001]
registered as address for service

Entry Type 8.11 Staff ID. SW1  Auth ID. AA

*%%% END OF REGISTER ENTRY *%%%




0A80-01 OPTICS - PATENTS 12/05/92 09:35:11
EP PAGE: 1

RENEWAL DETAILS

PUBLICATION NUMBER EP0160568’//
PROPRIETOR(S)

ORTHO DIAGNOSTIC SYSTEMS INC!{ Route 202, Raritan New Jersey 08669,
United States of America

DATE FILED 30.04.1985
DATE GRANTED 01.04.1992 ///
DATE NEXT RENEWAL DUE 30.04.1993

DATE NOT IN FORCE
DATE OF LAST RENEWAL 21.04.1992
YEAR OF LAST RENEWAL 08

STATUS PATENT IN FORC




