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FLOW CYTOMETRY WITH DATA ANALYSIS FOR OPTIMIZED DILUTION OF
FLUID SAMPLES FOR FLOW CYTOMETRY INVESTIGATION

‘ CROSS-REFERENCE
This application claims a priority benefit to U.S. Patent Application No. 16/253,060
entitled “FLOW CYTOMETRY WITH DATA ANALYSIS FOR OPTIMIZED DILUTION OF
FLUID SAMPLES FOR FLOW CYTOMETRY INVESTIGATION” filed January 21, 2019, the

entire contents of which are lncorporated herein by reference for all purposes.

FIELD
This disclosure relates o Hlow cytometry, including systems and methods for data

analysis of flow eytometry resulis,

BACKGROUND

Flow cyiometry is an analytical technique used in 2 mumber of apphcations to measure
physical snd/or chemical properties of bislogical or non-biological particles as they flow ina
sample fluid through an investigation zone in an investigation cell, commonly referred to as a
flow cell. Flow through the fow cell may be investigated in the investigation zone by a variety
of techoigues, including subjecting the flow o excitation radiation inchuding, for example,
electrical, acoustic, and/or optical signals and measuring and analyzing responses to detect and
evaluate particles in a sample fluld, Although the sample fluid may be investigated by
subjecting the sample fluid to a variety of stimull, exposure of the sample 1o light is one
comnon stimulus technigque. Scattered Hght or a fluorescent emission exiting from the How cell
may be detected and analyzed to provide information on the characteristics of particles present
in the sample fhuid. Light stimulation and light detection technigues may be tailored o
identification of particular characteristics indicative of the presence of particular types of
particles. For example, one technigue is to stain 3 sample fuid with one or more stains {also
referred to as dyes) that associate with a particular bistogical component of interest. The stains
may have fluorescent activity that provides g fluorescent emission about a particular wavelength,
the detection of which provides an indication of the presence of that biclogical component.

Bevices for performing flow cytometry are generally referred 1o as flow cytometers,
Flow cytometers are often designed to optimize detection of a specific type of pasticle, for
example, specific cells, bacteria, virus, or virus-Hike particles. A& complicating issue for flow
cytometer robusiness and durability over a prolonged perind is that flow cytometers tend to be
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very sensitive instruments that require very precise control over a munber of factors that atfect
instrument performance. Error may be infroduced into analysis of flow cytometry resulis from
instrument-related errors {such gs alignment of optical elements for optimal performance),
chemistry-related errors {e.g., mixing of dyes, binding efficiency of dyes and samples, eic.), and
operator-related errors, In turn, any of these three general sources of errors may induce noise or
other arrors that may degrade the accuracy and/or precision of the flow cviometry results for a
given flow cytometry mvestigation.

In relation to instrument-refated errors, a flow cytometer may experience a degradation
in performance in refation to deteetion of particles in sample fluids conlaining very low particle
concentrations and very high particle concentrations. For instance, in sample fluids with very
low particle conoentrations, individual particle signals are ditficult to distinguish from
background signals. At very high particle concentrations, particles have increased fendency fo
aggregate and pass though the investigation zone as aggregates rather than one af a time. As
such, g flow cytometer may have a dynamic range relative to the concentration of particles ina
sample fluid in which the flow cytometer provides aceeptable particle identification and
counting acouracy. However, such a dynamic range may be particular io a given instrument
and/or the investigation of a particular sample fluid stock to identify particles of a particular type
and with particular particle attributes. In this regard, even in a flow cytometer of known
instrument performance characteristics, the dynamic range for 8 given jovestigation for a
particular particle type in a2 particular fhuid medium may not be accurately known prior to
injtiating an investigation. These problems become even more pronounced for flow cytometry
investigations divected to quantification of very sroall particles such as those in the stve range of
individual virus particles (virions), which may be as small as tens of nanometers in size.
Distinguishing fluorescent signals from particles relative to background signals becomes more
difficult with smaller particles, and the applicability of light scatter detection for particle
identification and gating purposes becomes less viable. An example of 3 flow cytometer
designed for detection and counting of virus-size particles through the use of flsorescent stains
is the Virus Counter® 3100 flow cytometer {Sartorius Siedim Biotech), which operates with a
very fow thuid sample flow rate through a flow cell investigation zone, and including through
use of non-specific Huorogenic stains for non-specific binding to protein or nucleic acid content
or fluorescent antibody stains for binding {0 a specitic binding-site {epitope).

Previously proposed solutions to address potential degradation of accuracy due to
samples outside of an instrurment’s dysamic range and o address the various sources of error
discussed above have included performing flow cyvtometry investigstion of multiple sample
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replicates at each of a plurality of different dilutions, over a wide range of dihstions, of 2 sample
fluid stock to be investigaied. This technique has been particularly applicable in flow cytometry
evaluations to quantify particles in a size range of virus particles. Performing multiple sample
repiicates at each dilution Is important to assess for intra-sample consistency at each level of
ditution. Sampling at multiple different dilutions is important for spanning a particle
concentration range likely to be within the dynamic range of the flow ovtometry instrument for
the investigation. In turn, the flow cytometry results from the multiple sample replicates over
the wide range of dilution factors for a given sample stock result in a very large number of flow
cytometry investigations that must be performed. Also, in this approach a correspondingly large
set of data is produced. Statistical approaches may be applied o this data to provide results
related (o the sample fuld stock, such as to determing the concentration of the particles in the
sample fluid stock. Such statistical approaches for targe data sels may require increased
processing capacity and/or thme. For example, three fluid sample replicates may be prepared at
difution factors of 10, 100, 1000 and 10,000 relative 1o the sample fluid stock under
investigation, resulting in preparation and flow cytometry of 12 fluid samples, and subsequent
data snalysis and computer storage of fow cyiometry results for all of the fluid samples to
ensure & reasonable evaluation for a single sample fluid stock. As may be appreciated, such
processing requires sigoificant time and cost. Furthermore, such 2 process often requives there
he relatively large amounts of sample flnid stock available to allow for preparation of the
multiple sample replicates over the wide range of dilution factors, Moreover, this approach also
infroduces opportunity for the increase in grrors as conditions may be variable over the many
required flow cytometry fnvestigations. In turn, the precision and/or accuracy of the resulis may
be negatively affected. Moreover, such data analysis has largely been performed in processing
enviromments separate from the flow cytometry instrument such that no standardized of
consistent application of data processing technigues is applied o such results. Rather, individual
operators of a flow cytometer may sach process data uniquely, thus presenting further

opportunity for the introduction of operator-related ervor in the processing.

SUMMARY
in view of the foregoing, the present disclosure generally relates to flow oviometry
methods and flow cytometry systems that provide data anabysis of flow cytometry resulis to
provide improved precision and/or accuracy of an investigation of a target sample fluid stock by
a flow cytometer. Specifically, the present disclosure generally relates to flow oytometry
methods and How cyiometry systems that are capable of efficiently determining an optimized

R



26

]
Lo

ted
P
o=

WO 2020/154135 PCT/US2020/013549

dilution factor range for flow cytomelry investigation of a target sample fluid stock. Intum, 8
titer of a target sample fluid stock may be performed by fnvestigation of optimized target fluid
sampies in the optimized dilution factor range. The approaches deseribed herein may faciitate a
rechection in grror with respect to instrument-related errors, chemistry-related ervors, and
operator-related errors in the fow cytometry investigation. Accordingly, 2 more geourste and
precise flow cviometry investigation may be facilitated, thus improving the functionality of a
flow cyiometry system emploving the data analysis approaches described herein.

Generally, the present disclosare includes a flow cyvtometry system that includes a
screening assay module and 3 titer gssay module. The screening assay module is operative to
determing an optimized dilution factor range in which a flow cytometer of the flow cyiometry
system is most accorate based on an analysis of flow cytometry results from a plurality of
screening target fluid samples. The sereening assay modude may provide assistance {e.2.,
automated assistance) in relation o the data processing to determine the optimized dilution
factor range such as by providing operator guidance and/or data confirmation capabilities in
relation to the processing of flow oytometry resubls for the determination of the optimized
difution factor range. As used herein, the optimized dilution factor range is one of more sample
dilution factors within a ditution factor upper limit and lower limit, The optimized dilution
facior range is inclusive of the spper and lower Himits, and includes situations in which the upper
Hmit and the lower limit are the same, that is when an optimized sample dilution factor range is
identified as a single dilution factor value.

in turn, the titer assay module may determine particle titer resulis {e.g., particle
conceniration in a sample fluid stock under investigation) based on How cytometry results from
a plurality of optimized target fuid samples that are diluted to within the optimized dilution
factor range. The titer assay module may also provide assistance {e.g., automated assistance) in
refation 1o processing optimized target fluid samples in the optimized dilution factor range to
determine particle titer results for a target sample stock, Again, the assistance provided by the
tiier assay modide may include operator guidance and/or data confirmation capabilities,

As utifized herein, ceriain processes refated to the operation of the screening assay
module and/or titer assay module provide confirmation of parameters as belonging to acceptable
values for a given parameter, Furthermore, in jnstances where a given parameter is not found o
be an acceplable value, a dats notification may be presented to a user. As may be appreciated in
the discussion to follow, such notifications may provide a warning 1o a user to allow a user {o
confirm calculations or determinations based on g given parameter providing the source of the

notification. In certain embodiments, such a notification may preclude further operation of a
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module until and unless a parameter or condition generating the votification is addressed. In this
regard, such dala notifications may provide certain confirmations or checks in relation (o
parameters or conditions refated to the operation of the screening assay module and/or titer assay
maodule. Any such confirmation or check on data described herein is intended to relate to the
specific operation of the screening asssy module and/or titer assay module and is not reflective
of confirmations or checks on the accuracy of the underlying flow cyviometry results used in the
processing of the screening assay module and/or titer assay module. That is, by providing an
instrument confirmation of acceptability of a parameter or condition, even if related to flow
cytometry resulis selected by a user for use in determining an optimized dilution factor range,
the embodiments presented herein are not intended to provide any qualitative evaluation of the
absolute accuracy of the flow cytometry results used in connection with the screening assay
module and/or titer assay module,

The foregoing approach to determining an optimized dilition factor range with flow
cyiometry investigation of a plurality of optimized target fluid samples that are dihuted to within
the optimized dilution factor range may provide a mumber of specific technical advantages in
relation (o operation of a flow eytometry system. Notably, the determination of the optimized
difution factor range as described above facilltates a more efficient system and resuliing process
in a number of ways. Initially, a screening assay module may be provided that may access flow
cytometry resulis for a plurality of screening target fluid samples. The scroening target fluid
samples may include a dilution series of a screening sample stock that is diluted af a plurality of
dilution factors, In af least an embodiment of the present disclosure, a limited nmber of
screening targel Huid samples {e.z., a single sample at ach dilution factor) may be provided for
analysis by the screening assay module. In turn, fewer screening target fluid samples (e.g,,
relative to previously proposed approaches using multiple sample replicates at each of the
multiple dilution factors) may be requived to be subjected to flow cytometry investigation in
order to detsrmine the optimized dilution factor range for operation within a dynamic range for a
given flow cyiometry instrument and a given target sample stock to be analyzed by the flow
cytometer. A set of multiple fluid sample replicates prepared within the identified optimized
dilution range may then be subjected o flow cviometry and results analyred to provide the
particle titer results for a target saople stock with g reasonable degree of confidence, as having
been performed in a high performance portion of the dynamic range for the particular instrument
and sample situstion,

This may provide a number of advantages relative to prior How cviometry instruments
and methods. Initially, as fewer sample replicates at each dilution factor may be required, the

"
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total volume of screening sampls fluid stock needed to determine the optimized ditution factor
range may be reduced. This may be of particular advantage in contexts with Himited supply of
sereening sample Huid stock that may otherwise preciude performing analysis of 3 large number
of replicates at each dilution factor. Furthermore, the opportunity for operator-reiated errors
may be reduced as the total operator involvement in preparing and running screening target fluid
samples may be reduced.

Moreover, the time required to perform the flow cylometry investigation on the reduced
mumber of screening target fluid samples may be correspondingly reduced. Mot only does this
provide efficiencies in relation to the time required to perform the analysis, but also allows more
cornpact analysis that reduces the potential for introduction of error in the course of performing
flow cytometry investigation of each of the fluid saroples. ¥t may be understood that the flow
cytometry process may be subject to time dependent variables that introduce error into the flow
cyiometry investigation such that the amount of grror or variability in the process increases with
time. As such, providing a more temporally compact analysis may reduce wuch time dependent
error or variability.

Further still, the reduced number of screening target fluid samples required to determine
the optimized dilution factor range may also reduce the computational resources required fo
provide flow cytometry resulis. As may be appreciated, performing dats analysis for g large
number of fow oylometry investigations may require substantial processing resources and/or
memary resources of 2 computational environment in which the analysis is performed. By
limiting the number of screening target fhuid samples used, a corresponding reduction in the
computational resources may be achicved. Moreover, as the modules described herein to may
diractly access flow cytometry results stored in memory, the efficiency of processing of the
maore Himited resulis may be further heightened, thus providing an overall more efficient
computational processing environment in which the flow cytometer is operated.

Additionally, even when considering the optimized target fluid samples, a completed
flow cytometry ovaluation with acceptable confidence of accuracy may be performed for a targst
sample stock with a reduced total number of target fhild samples. This may include a reduction
in data analysis processing and computer storage consumed, which may also provide a
corresponding reduction in slectrica! power consumption for instroment operation and data
analysis. For example, in the prior technigue example noted in the Background section above
using three target fhad sarople replicates prepared at each dilution factor of 14, 100, 1000 and
10,000, a total of 12 target fluid samples are prepared and processed for a complete evaluation
of g target samiple fluid stock, However, with an timplementation of a technigue of this
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disclosure, an evaluation of comparable confidence in terms of accuracy of result for the targst
sample stock may be oblained with processing of significantly fewer target fhuid samples, For
example, efficiency may be realized by preparing and processing ong screening target fuid
sample ai each of the noted dilution factors to obtain an optimized dilution factor range with
operation of the screening assay module, In turn, 4 fotal of four screening target fluid samples
may be prepared and subjected to investigation, followed by preparing and processing three
optimized target fluid samples at a single dilution factor within the optimized dilution facior
range to obiain particle titer results with operation of the titer assay module, As a conseguence,
a comparable evaluation of the target sample stock s performed in this example of the present
disclosure with preparation and processing of only seven target fluid samples (four screening
target fluid samples plus three optimized target fluid samples) rather than 12 target fuid samiples
for the corresponding prior fechnique example,  Also as 8 consequence, less target sample stock
ts consumed, fess time is required o prepare target fluid samples and subject those target fiuid
samples to flow cytometry, less flow cytometer throughput capacity is consumed, less computer
processing capacity is used for dats analysis, leas computer storage is used for storage of 8
sialler sumber of flow eytometry resulis, and less power s consumed for operation of the flow
cytorneter and for data processing. Further, flow cytometry instrument throughput capacity is
increased for the number of target sample stocks that may be evaluated by the flow cytometry
instrument and less instrumsent wear and tear 19 consumed for each such evaluation of a larget
sample stock.

The flow cytometry methods and flow ¢viometry systems of the present disclosure may
beneficially be smployed for quantification of target particles of any particular type by flow
cviometry evaluation. Such target particles may be celis, which may for example be of a size of
several to tens of microns in size, or other similarly sized particles of binlogical material.
However, in some preferred implementations, the methods and systems are particularly
beneficial for quantification of target particles that are very sruall, and particularly that are of a
virus size. Such target particles of a virus size may in some ioplementations be of particle siee
at or smaller than 2 microns, | micron, 800 nanometers, 3040 nanometers or an even smaller
maxiroum particls size. Such target particles of a virus size may in some implementations have
g particle size of at least 10 nanometers, 20 nanometers, 30 nanometers or an even larger
minimum particle size. Partice size gs identified above refers 0 a maximum cross-dimension of
the particles. Such target pasticles of a virus size may for example be virions (free virus
particles not part of g larger unit such s an infected cell), virus-like particles, exosomes or
microvesicles, Virlons or virus-like particles may be of an enveloped or non-enveloped type,
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Such virions or virus-like particles may be or have attributes of viruses of any family of viruses,
Sorme example viruses are influenza virus, bacolovires, adenovirus, adeno-associated virus,
enterovirus, lentivirus, minule virus of mice, rofavirus, parvovirus and feline leukerois virus.

References to particles herein are generally in reference to such particles inan
unassociaied state, that is not part of a substantially larger particle unit. By a pasticle baing of
virus size and being unassociated, i is meant that the particle is not part of a larger particle
structure that is larger than viras size, for example the unassociated particle is not within a host
cell or bound to an remunoassay bead or microsphere or part of an agglomerate that is larger
than virus size. It will be appreciated that target particles that are labeled with a flucrescent
stain for flow cytometry detection by fluorescent emission response may be somewhat larger
than the unlabeled target panticle due 1o the added mass of the fuorescent label, However,
references herein to particle size, and in particular references to particles being of a virus size,
may be in reference (o the size of unassociated farget particles prior to staining and/or to stained
target particles including the added mass of 2 fluorescent stain that attaches fo the target
particles. When a Huorescent staln is provided by flucrogenic dye molecules that attach t0 a
pariicie of virys size {e.g., virion, exosome, vires-like particle or microvesicle), the added size
from the attached dye molecules generally does not appreciably increase the size magnitude of
the resulting unassociated stained particle, such that the unassociated stained particle is also of a
virus size, even if slightly larger than the unstained particle. Similarly for a flucrescent antibody
stain, the stained particle will be larger than the unstained particle but still of a virus size. Some
typical example fluorescent antibody stains may be on the order of about 7 nanomeiers in size
and may therefore add on the order of about 14 nanometers 1o the size relative to the unstained
pariicle when the fluorescent gutibody stain binds directly to the target particle. The particle
size increase with staining may be somewhat larger for indirect binding of a flucrescent
antibody stain, where 3 primary antibody binds to the target particle and a secondary antibody
with fluprophore binds (o the primary antibody to provide a fluorescent label on a particle.

Various aspects and example implementation erbodiments of the methods and systems
of the disclosure are presented in the following description, including the claims, and in the

drawings,

BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A-1B are perspective and side views of one embodiment of a flow cytometer

instrument,
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FIGE, 2A-2D are perspective, top and end views of one embodiment of a flow ovtometer
internal gssembly that may be included within the flow ovtometer instrument of FIGS, JA-18,

FIG. 3 is a schematic view of an embodiment of a flow cyiometry system that includes a
sereening assay module and a titer assay module.

FI(8. 4-8 are plots depicting flow cytometry results presented for analvels to determine
a dynamic rangs of an instrument for processing a target sample fluid stock and to determine an
optimized dihstion factor range for the same,

FIG, 9 is an embodiment of g soreen of a graphical user interface that provides a results
listing corresponding to flow cyiometry results.

FIG. 16 is an embodiment of 8 screen of 8 graphical user interface for use in selection of
flow cviometry resulls for data processing,

FIG, 11 is an embodiment of a screen of a graphical user interface for control and
interaction of a screening assay module to determine an optimired dilution factor range.

FIG. 12 1s an emnbodiment of the screen of FIG. 11 in which a determination of the
optimized dilution factor range has been determined and is displayed to a user.

Fi{3. 13 is an embodiment of the screen of FIG. 11 in which a determination of the
optimized dilution factor range bas been determined and is displayved to a user, and in which g
data notification indication is present,

FIG, 14 is an embodiment of g screen showing a data notification detatied listing in
relation to the dats notification indication presented in PIG. 13,

FIG. 15 is an embodiment of a screen of a graphical user interface for control and
interaction of a titer assay module fo determine particle titer resulis for optimized target fluid
sampies in the optimized dilotion factor range.

FIG. 16 is an embodiment of the screen of FIG. 15 in which a particle titer results have
heen determined and a data notification indication is present.

Fig. 17 is a plot depicting a relationship of a sample qualification limit relative to flow

cytometry resulls,

DETAILED DESCRIPTION
While the invention is susceptible to varicus modifications and alternative forms,
specific embodiments thereot have been shown by way of example in the drawings and are
herein described in detail. It should be understood, however, that it is not intended o Hmit the
invention to the particular form disclosed, but rather, the invention is to cover all modifications,
eguivalents, and slternatives falling within the scope of the invention as defined by the claims.
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Ag used bereln, a sample stock, or sample fluid stock, refers to a batch of material witha
fluid medium and which is an object of investigation by flow cytometry investigation for
presence of particles with particular particle atiribages, or properties, and such pasticles that are
the object of investigation ave referved to hereln as target particles. Such a sample stock may,
for example, be g sample batch collected from a binlogical process or that results from further
processing of such a collected sample baich, for example purification processing. Multiple fluid
samaples for flow cytometry processing are prepared using portions of such a sample stock, for
example 10 prepare fheid samples at different dilutions or to prepare multiple flnid sample
replicates at the same level of dilution. Target sample stock refers to such a sample stock that is
an ultimate object of quantification for target particles, and which is used to prepare an
opiimized target set with multiple optimized farget fluid samples gach diluted 1o within an
optimized sampie dilution factor range. Screening sampie stock refers to sample stock that is
used {0 prepare @ screening farget set with multiple screening target fluid samples used to
determing the optimized dilution factor range through execution of the soresning assay module.
in preferred implementations the target sample stock and the screening target sample stock are
the same sample stock, which is used both to prepare screening target fluid samples, for
processing 1o determine the optimized dilution faclor range with execution of the screening
assay madule, and 0 prepare optimized target fuid samples for processing to determine the
particle titer resulis with execution of the titer assay module. However, in some alternative
imiplementations the screening sample stock may be a different sample stock than the target
sample stock, although in such implementations, the screening sample stock and target sample
stock should preferably be sourced under conditions at which the screening sample stock and
target sample stock are expected to have generally equivalent compositional characteristics,
including in relation to target particle content, such that a determination of an optimized dilution
factor range using the screening sample stock will reasonably translate for fow cyiometry
evaluation of optimized fluid samples prepared using the target sample stock. For example, 8
arget sample stock may be or be prepared from a collected sample batch of material collected
from a biological manefaciure process on one day and the screening sample stock may be or be
prepared from an equivalently collected sample baich of material collected from the same
biclogical manufacture process under similar conditions at a different time, such as st a different
in preferred implementations the target sample stock and the soreening target sample stock are

ihe same sample stock (e.g., a single collected sample batch).
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The particular particle attributes of target pasticles may include any one or more than one
of properties of a target particle, for exanple relating to size, composition, morphology or
conformation properties. In some preferred implementations, a particular attributs of a target
particle may include one or more particular biclogical features of interest that are susceptible to
identification through the use of voe or wore fluorescent stains. Such a binlogical feature may
include protein content gnd/or nucleie acid content {e.g., presence of genome material) that is
generally susceptible to non-specific staining by non-specific flucrogenic stains. Such a
biological feature may include the presence of a particular epitope that may be wdentified
through specitic antigenic binding activity, such as specific binding by an antibody stainto s
particle feature of interest, for identification through use of fluorescent antibody stains.
Implementations may use a single fluorescent staln identifying the presence or absence of a
single particle feature or multiple fluorescent stains may be used identifying multiple particle
features, Use of multiple fluorescent stains may include How cytometry evaluation to identify
target particles with multiple particle atiributes through identification of coincident fluorascent
responses from twe of more than two such flacrescent stains, or the presence of one factor and
the absence of another factor through identification of 2 fluorescent response of one fluorescent
stain that does not coincide with a fluorescent response of a second flusrascent stain, Ume
exampie of such an application inchedes vse of a pon-specific, fucrogenic stain for identifving
the presence generally of protein content together with another non-specific fluorogenic stain for
wentifying the presence generally of nucleic acid content. Idemtification of coincidental
occusrences of fluorescent responses of the two non-specific staing during fow oytometry may
indicate the presence of a2 target particle including both protein content and nucleic acid content,
such as may be the case for example for a complete, in-tact virion inchuding envelope or capsid
protein and genome material. Another example of such an application inchudes using an
epitope-apecific fluorescent antibody stain fogether with a non-specific flucrogenic stain for
nucielc acid content, The flhuorescent antibody stain may be specific for binding with an epitope
on a viral envelope, viral capsid, exosome or microvesicle, and identification of coincidental
cecurrences of fluorescent responses of such a fluorescent antibody stain and non-specific
nucleic acid stain during flow cytometry may indicate the presence of a targst particls including
the epitope and genome material, such as i the case of a complete, in~tact virion of a viral type
{¢.2., specific virus) represented by the presence of such an epitope, whereas identification of
one fluorescent responae of one fluorescent stain not coincident another fuorescent response of
another fuorescent stain may indicated the presence of g particle positively having one particle
feature and not having the other particle featurs corresponding to the different flucrescent stains
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{£.g., a virus-like particle having a viral epitope and without genome). Additional information
concerning Huorescent stalning and stain detection with flow cytometry that may be used with
the present disclosure is disclosed in U8, Patent Mos US 10,161,850 B2, US 10,031,081 B2; US
2,546,936 B2; US 9,903,803 B2, and in LLS. provisional patent application no. 63/713,377, the
entire contents of each of which are fncorporated herein by reference for all purposes. In
contrast {o target thuid sarples {e.g., screening target fluid samples and optimizad target fluid
sarnples) that are a subject of investigation for target particles, blank control flutd samples {e.g.,
screening blank control fluid sampies and optimized blank control fluid samples) are fluid
samples intentionally prepared to be in the absence of the target particles, The blank conirol
tiuid samples may be provided for flow cytometry evaluation fo generate blank conirol flow
cytometry results with background particle counts that may be used {o correct flow cviometry
rasults from flow cytometry evaluation of target fhid samples that are being investigated for
presence of farget particles {e.g., screening target thuld samples or optimized target fluid
samples), By being in the absence of the target particies it is meant that the fluid sarple is
substantially free of the larget particles for all practical purposes in relation to flow cytometry
quantification, and not that such a blank target sample may include even a single such target
particle, although that would generally be preferred. Preforably, blank control fluid samples
closely correspond in composition {o correaponding target fluid samples, other than not
including any or any significant quantity of the target particies. In some more preferred
implementations, blank control fluid samples are prepared using blank sample fluid matrix of
the corresponding sample stock for which the blask control fhuid samples will be used for
correction purposes. By fluid matrix it is meant the basic composition of the thuid medium of 3
sample stock, which together with added reagent liguids form the liguid medium of target fluid
samples prepared from the sample stock. Such added reagent liquids may include for example
sarnple dilution buifer used to prepare diluted [had samples relative to sample stock, as well as
figuids that may be added in connection with fluorescent staining of target fluid samples. Each
such blank control fluid sample should preferably be made with the same flyorescent stain or
stains as used in a corresponding target fhuid sample and at the same concentrations. Preferably,
at least one, and more preferably just one, such blank control screening fluid sample made with
corresponding fluid matrix is prepared for each soreening target fuld sample of a screening
target set. Preferably, at ieast one, and more preferably just ong, optimized blank controd fluid
sample made with corresponding flutd matrix is prepared for each optimized target fhuid sample

of an optimized target set.
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When fluid matrix of 2 sample stock is not avatlable 1o prepare a corresponding biank
control fluid sample, then an approximation liquid formulation may be used to prepare 2
corresponding blank control fluid sample. For example, a blank contrel flnid sample may be
made using one or more of the reagent Higuids used to prepare target fluid samples (g.3., 2
mixiure of a buffer solution used for dibstion of sample stock and Hauids added in connection
with sample staining). In such a case, a single blank control fluid sarople composition made
using such a reagent liquid formulation, and containing flucrescent stain or stains at the same
concentrations as the soreening target fluid samples, may be used as a corresponding screening
blank control fluid sample or corresponding optimized blank control Hluid sample for a sereening
control set or optimized control set, as the case may be.

A flow evtometer may be used to perform flow cytometry investigation of a fluid
sample. The fluid sample may include target particles with particular particle attributes. The
flow cytometry investigation of the fluid sample may provide a flow cytometry result for the
fhuid sample. The flow cytometry result may inchude a quantification indication of particles for
the fluid sample. Tn one example, the guantification indication may be expressed as a
concentration of particles, or particles per unit volume, {e.g., particles/mL). In another example,
the quantification indication may be expressed as a particle count (number of particles) in a
standard volume of fluid sample, from which particle concentration is determinable. The fluid
sample may be exposed to a stain or dye that provides response radiation when exposed to
invesiigation excitation radiation that may be measured by the radiation detection systern of the
flow cytometer. As deseribed above, and especially in applications where the particles to be
measurad are of a virus size , flow cvtometer instruments are very sensitive and acourate
determination of flow cvtometer resulis and with reasonable precision may be difficult.
Specifically, flow cyiometry results may be subiect to errors for a mpnber of sources as
described above.

Accordingly, when designing a flow eytometry investigation to achieve suitably and
demonstrably accurate resulls, it has beena traditional practics to process many replicates of
fluid samples to calculate measures of the gcouracy and/or precision of the resulting flow
cytennetry results. This may be required to demonstrate the flow cylomeiry results are
sufficiently accurate and/or precise for a given analyais o be conducted and that the results are
statistically robust. For instance, at least three replicates of a target sample tluid may be gach
subjected to flow cviometry o obtaln results for each of the three replicates. In turn, the flow
cylorsetry results for the replicates may be processed using data analysis techniques to provide a
measure of the accuracy and/or precision of the results.
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Furthermore, in many investigation designs, a control may also be subjected to flow
cytomelry investigation to provide enhanced accuracy of the investigation. A& blank control fluid
sample may be provided that replicates or mimics to a reasonable degree the composition of the
fluid medivm in which the target particles of the target fluid sample are provided.  Blank
control fluid samples may also be referred to herein stuply as control fluld samples or blank
fluid samples, for brevity. As a flow oyvtomstry investigation of a fhuid sample may be
sugoeptible to false detection events, performing flow cytometry investigation of a
corresponding contro fluid sample may allow for false detection events 1o be accounted and
corrected for in the resulting flow eytometry results for a target fluid sample. Specifically, the
flow cytometry resulis of the controd fuid sample may be subtracted from the flow cylometry
results of the target fluid sample.

In one embodiment of an investigation design, a blank control fluid sample may be
prepared using fluid matrix of the corresponding sample stock, but in the absence of the target
particles of the target fluid sample. In this regard, the blank control fluid sample may be the
same composiiion as the target finid sample matrix plus added reagents, such as dilution buifer
sobution and siaining Hauid, and dves or staing used in the target fluid sample. In an alternative
approach, 3 sample buffer solution including 8 mixture of such reagent Hguids may be used that
may also be provided with the dye or stain of the target fluid sample also in the absence of the
target particles. In any regard, any particles detected in the blank control fluid sample are
assumed to represent an error associated with false detections such that the subtraction of the
flow cytometry results for a control fluid sample provide 3 corrected measure of the actual
quantification of particles in the target fluid sample. However, a3 is the case with the target Huid
sanie, a plurality of replicates of the control fhuid sample are preferably subjected o tlow
cyiometry investigation io ﬁmvids accurate results for the control fluid sample.

Accordingly, it may be appreciated that subjecting cach of many target fluid samples and
control fhud samples to flow ovtometry investigation may provide a number of challenges.
initiaily, to provide a desired namber of replicates of both target fluid samples and control fuid
samples, a sufficient supply of sample stnck and control stock with corvesponding fuid matrix is
needed. In certain contexts whers limited stock supplies are present or when blank fluid matrix
of the sample stock is not available, the resulting design of the flow cytometry investigation may
be limited in view of the limited stock thuid supply. Furthermore, the thme and expense required
to process sach of the farget and control sample fluids may be prohibitive, In addition, as the
flow cvtometry instrument may be sensitive to a mumber of variables, some of which may be
operation dependent or time dependent, the larger the nuraber of investigations over a longer
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time period introduces the susceptibility to ncreased error in relation to the investigation of each
fluid sample. That is, in the context of many fluid sample investigations, conditions associated
with the first Huld sample investigation may be different to conditions for the last fluid sample,
such that the change in conditions represents an increasing orror in the resulis to be coliectively
processed. As such, efficiency of investigation not only provides the simple benefit of reduced
time and expense, but also achieves inherently more accurate resulis by reducing the potential
for error to be introduced in the course of determining the flow eytometry resulls for g given
invitation design,

FIGS, 1A-18 show an embodiment of a flow cytometer 130 that includes flow cviometry
componentry contained within a protective enclosure 102 that may be used o perform a flow
cytometry investigation on g fluid sample, for generation of flow eytometry resulis. Fhud
samiprios may beo intreduced into the flow cytometer 160 for flow cytometry investigation
through a sample inlet 184, The flow eytometer 100 includes support pads 106 on which the
weight of the enclosure 102 and contents within the enclosure 102 are supported.
Advantageously, the support pads 106 may be of a materia! that provides significant vibration
isolation to the enclosure 102, and o contents within the enclosure 102, from ambient
environment vibrations that may be fransmitied through a shelt, table or other surface on which
the flow cytometer 100 may be situgted during use. The support pads 106 may, theretore,
provide a vibration isolation structure that provides a vibration propagation barrier to the
enclosure 102 and contents within the enclosure 102, For example, the support pads 106 may be
of a polymeric composition that provides a vibration decomposing effect. Example polymeric
compositions include thermoplastic and thermoset polymer compositions.

FIGS. 24-2B show an example flow cytometer internal assembly 18 that may be
disposed within the enclosure 102 of the flow cytometer 100, The internal assembly 180
includes a flow optical systeny assembly including support platform 200 and 3 number of flow
cytometry optical components supported by the support platform 200, with the optical
components having fixed relative positioning configured for performing flow evtometry
investigations of sample fluids. The flow cyiometry optical sysiem assembly is supported by a
support structure including three rigid support members 202 and vibration isolation mounts {(not
shown in FIGS 2A-28) that are supported by the support members 202, and on which the entire
weight of the support platform 200 and components supported by the support platiorm 200 are
supported during flow cytometry investigation operations,

The flow cviometry optical components supported by the support platform: 200 inciude a
fight source in the form of a laser undt 206, 2 flow cell unit 208 and a light detection system
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including a dichroic mirror unit 210 and two light detector units 212, for example which may
include photomultiplier mbes. During operation of 3 flow cylometry investigation of sample
Huid flowing through an investigatory How path of a flow cell of the flow cell unit 208, light
from the laser unit 206 travels along a first optical path 250 to the flow cell, The first optical
path 250 includes a mirror unit 214 that includes an orlentable mibrror that reflects light from the
faser unit 206 {0 divect that Hght through a focusing lens 216 10 focus light in the vicinity of the
mvestigatory flow path within the How cell of the flow cell unit 208, Orientation of the mirror
of the mirror unit 214 may be controlied by operating one or both of a pair of motors 270, 272
coupled to the mirror. Light from the investigatory flow path of the flow cell is directed along a
second optical path 260 from the How cell to the dichroic mirror unit 210 for detection by the
fight detectors 212, The second optical path 260 includes a focusing lens unit 218 and a spatial
tens unit 220 between the flow cell unit 208 and the dichroic mirror unit 210, A dichroic mirror
within the dichrote miveor unit 210 splits the Light between light that passes through the dichroic
mirror and is directed toward light detector 2122 and light that is retlecied by the dichroic mirror
and is dirgcted toward light detector 212b. Band-pass filters 222 may be disposed in the optical
paths to the light detectors 212 to pass a narrow light including a wavelength or band of
wavelengths targeted for detection by the respective light detectors 212a, 212h.

During operation of the flow cytometer 100 o perform a flow cytomelry investigation of
a fluid sample, the fluid sample to be investigated may be introduced into the flow oviometer
through the sample inlet 104, The sample fluid is conducted 1o an inlet (ot shown in FIGS, 2A-
28 to the flow cell unit 208, The sample fluid fows through the investigatory fhuid path also
referred to herein as a flow eytometer investigation zone in the flow cell unit 208 and exits the
fiow cell unit 208 through a sample exit 226, Samwple fuid jotroduced into the How cell unit 208
through the sample fluid inlet 104 flows through g transparent section of the flow cell unit 208
where it is subjected to incident investigation radiation {¢.g., light from the laser unit 206} and
exits through the sample exit 226, The investigatory flow path passes through the transparent
section. The transparent section may, for example, be made of a quartz crystal material,
Between the sample inlet 104 of the flow cytometer 100 and the inlet to the flow cell unit 208,
the {luid sample passes through a fluid path (not shown} that includes a flow meter 232 where
the flow rate of the fluid sample may be measured for data collection purposss as partof a
feedback control mechanism for controlling the fluid sample flow rate o the How cell unit 208,
{n the flow cell onit 208, a sheath fluid is introduced arcund the fluld sample How before the
fluid sample fows through the transparent section for investigation. The sheath fluid is
introduced into the flow cell unit 208 through a sheath fluid inlet (not shown ju FIGE. 24-28)
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Prior to introduction of the sheath fhad into the fow cell unit 208, the sheath fhuid passes
through a fluld path (not shown In FIGS. 24-28) that includes a flow sensor 234 for monttoring
of the sheath fluid flow rate o the flow cell unit 208 and for use for feedback control 1o control
the flow rate of the sheath fhud to the flow cell unit 208, The flow sensors 232 and 234 are
conveniently supported on the support platform 200,

With additional reforence to Fig, 3, a schematic representation of an embodiment of g
flow cytometry system 300 is depicted. The flow cytometry system 300 may include a flow
cytometer 100 such as one described above. The flow cyiometer 130 may be operative o
generate a flow cytometry result for a fluld sample subjected to flow cytometry investigation
using the flow oyiometer 100, The flow cytomeiry result generated by the fiow cviometer 109
may include 8 quantification indication of particles {g.2., particle count or particle conceniration}
of a given fluid sample. The flow cyvtometry results may also inchude other information
regarding the flow cytometry investigation including, but not Himited {0, a sample name for
identification purposes, a dilution factor of a sample, a dateftime tag corresponding to the
date/time of the flow oytometry investigation, individual results fur reapsctive investigation
channels for multichanne! investigation {e.g., Inchiding combination dyves that employ different
targeted particle attributes for investigation on the respective channels), and radiation detection
data such as detecior baseline, peak, and widths.

The flow cytometer 100 may be in operative communication with a flow cytometry
resnlts database 3140, The flow oytomster 100 may provide flow cylometry results for each tuid
sample subjected to flow cytometry investigation by the How cytometer 100 to the flow
cvtometry resulis database 310 where the flow oytometer results may be stored in computer
memory, Flow cyiometry results database 310 may include any appropriate database structure
for siorage of database eniries corresponding to flow cviometer resulis for different respective
fluid samples subjected to flow eytometry investigation. One specific example implementation
may be a SQL database for storage of the flow cytometry results, The flow cytometry results
database 310 may be local to the flow cytometry systerm 300 (2.g., on a common device with one
or more other elements of the flow cyiometry system 300) or may be provided remotely. In the
event that the flow cviometry results database 310 is provided ramotely, access to the flow
cytometer results database 310 may be provided by way of network communication such as a
local area nelwork or wide area network such as the Internet.,

The flow cytometry systerm 300 further fnchades a computer memory 328, The computer
memory 320 may have stored therein a screening assay module 360 and a titer assay module
370, The screening assay module 360 and the titer assay module 370 may comprise machine-
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readable instructions stored in the computer memory 320, In this regard, the soresning assay
module 360 and a titer assay module 370 may be accessed by one or more processors 338 in
operative conununication with the computer memory 320, The processor 330 may access and
execute the screening assay module 360 and the titer assay module 370 to provide functionality
of the modules as described in greater detall below. In other embodiments, the screening assay
raodale 360 and/or the titer assay module 370 may comprise any appropriate hardware,
software, firmware, or combinations thereof lo provide functionality associated with the
soreening assay module 360 and/or titer assay module 370 described below. Furthermoore,
multiple processors 330 may be provided that may individually or collectively access and
execute the screening assay module 360 and titer assay module 370 to provide the functionality
of the flow cytometry system 300 described more fully below, In other embodiments, the
scresning assay module 360 andd/or titer assay module 370 may comprise any appropriate
processor and/or memary combination, application-specific infegrated circuits, field
programmable gate arrays, or other computer bardware or soffware that may be executed to
achieve the functionality described in more detaif below.

The flow cytometry system 300 may also include an input device 340 and & display 350
that are each in operative communication with the processor 330, In this regard, the processor
330 may receive user inputs from the input device 340 for use in interaction with or control of
the flow cytometry system 300, In addition, the processor 330 may configure the display 350
present 1o a user in a user-peresivable manner information regarding the operation of the flow
cytometry system 300, The display 350 and input device 340 may collectively provide a
graphical user interface 380 through which interaction between a user and the flow cviometry
system 300 may be facilitated. For instance, the graphical user Interface 380 may facilitate
controf over the operation of one or more of the flow cytometer 100, the screening assay module
3640, titer assay module 370, and/or flow eytometry resulis database 310, There are discussaed
below a number of graphical user interface screens that may correspond o execution of the
screening assay module 360 and/or tier assay module 370 that may be provided for interactivity
with the user using the graphical user interface 380 by presentation of the screens on the display
356 and receipt of corresponding inputs regarding the screens from the user input dovice 344,

In general, the fiow cytometry system 300 may be executed such that the screening assay
module 360 is operative (o access flow eytometry resulis in the How cyviometer results database
310 for use in determination of an optimized dilution factor range. In connection therewith, a
screening sample fluid stock 390 may be used to prepare a plurality of screening target fluid
samples 392 that may each be subjected to flow cytometry investigation by the flow cytometer
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100, Flow cviometry results for cach of the sereening target fhad samples 392 may be stored in
the flow cylometry results database 310, Additionally, one or more screening blank controd
fluid samples 398 may be prepared and subjected to flow cytometry investigation by the flow
cytometer 100 sach that flow cytometry results for the one or more sereening blank control fhud
samples 398 may be stored i the flow cytometry resulis database 18, Accordingly, the
screening assay module 360 may access the flow cytometry results database 310 for retrieval of
the flow cytometry results for the screening target Huid samples 392 and/or screening blank
control fluld sample 398 for use in determining the optimized dilution factor range as will be
discussed in greater detail below.

In turn, a plurality of optimized target fluid samples 396 may be prepared from a target
sample fluid stock 394, The phurality of optimized target fhild samples 396 may each be within
the optimized ditution factor range {e.g., as determined by the sereening assay module 3603, and
may opticnally it be at the same dilution factor within the optimized dilution factor range. In
an embodiment, the screening sample tluid stock 390 and the target sample fluid stock 394 may
be the same fluid stock. In alternative embodiments, the sereening sample Haid stock 390 may
be an equivalent approximation of the target sample fhuid stock 394 as described above. For
instance, the sereening sample fluid stock 380 and the target sample fluid stock 384 may have
the same target particles and may have sufficiently similar properties {e.g., including fhad
medium composition and target particle concentration) such that flow cytometry results for the
sereening target fluid samples 392 accurately model the performance of the flow oytometer 100
relative to the optimized target fluid samples 396, One contemplated example may be in
relation to a predivtable processing environment in which the target sample fuid stock 394 fs to
be analyeed. In such a predictable processing environment, the target sample fluid stock 394
may have relatively consistent properties such that an optimized dilution factor range
determined by analysis of How cytomelry resulis for the screening target floid samples 392 may
be applicable to 2 number of target sample fluid stocks 394, For instance, a given instavee of a
plurality of target sample fhuids tocks 394 may be used as the screening sumple fhad stock 390
such that the analysis {0 determine the optimized dikution factor range may be applied to the
remaining pluraiity of the target sample fluid stoeks 394, As such, the resulis obtamed using
results from a given screening sample fluid sock 390 may be used for other target sarople Hud
stocks 394 prepared in the predictable processing environment for a given time or number of
fluid stocks instances.

fn any regard, the optimized target set of optimized target fuid samples 396 that are
within the optimized dilution fhctor range may be subjected to flow cytometry investigation by
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the flow cytometer 100 and the corresponding flow cytometry results for the optimized target
fluid samples 396 may be analyzed by the thier assay module 370 o provide particle titer resulis
for a target sample stock 394, 1n addition, an optimized blank control fluld sample 399 may also
be prepared and subjected to flow cytometry investigation by the flow cviometer 100, In turn,
tlow cytormetry resuits for the optimized blank controf fhuld sample 399 may be stored by the
flow cylomelry resuits database 310 and may be used by the titer assay modiule 370 as a control
for analysis in determining particle titer results,

Dietermination of the optimized dilution factor range and subsequent flow cytometry
investigation of optimized target fluid samples 396 within the optimized ditution factor range
may provide increased accuracy and precision of the particie titer results produced by the tier
assay module 370, For instance, a reduced number of screening target fluid samples andfor
soreening control fluid samples may be requived for operation of the flow cyiometry system 300,
In turn, reduction io ervor by reducing the number of required investigations may be realized.
Moreover, by determining an optimized dilution factor range, the resulting accuracy of the
investigation of optimized target fluid samples 396 may be achieved as the optimized dilution
factor range may be particular to a given How cviometer 100 investigating particular target
particies of a target sample fluid stock 394,

i refation to the optimized target dilution factor range, the Improved accuracy in this
range may be schieved by performing How cytometry investigation of optimized target fluid
sampies 396 that are in a dilution range over which a flow cviometer 100 demonstrates increased
accuracy. A flow oyvtometer may demonstrate an operation range relative 1o 8 concentration of
particles in a fluid sample. That i3, a flow cytometer may be unable to produce sufficiently
gecurate resuits for fluid samples having extremely high concentrations of particles are
extrempely low concentration of particles as noted above. In this regard, the range of
concentrations of particles In a fheid sample over which the flow cytometer may produce
sufficiently accurate results may be Hmited. The range of an instrument may have an absolute
range aver which the flow cytometer 100 is operative and a dvnamic range that is dependent on
the instrument and the particular fluid sample being investigated., An instrument’s dynamic
range may refer to a range of particle concentrations over which fluid samples at various dilution
factors demonstrate linear flow cytometry results (in a logarithmic analysis regime as discussed
below) Apalysis relative to determining a flow cytometer’s dynamic range is iHostrated in
relation to Figs, 4-8. This analysis may be referred 0 as a soreening analysis, and such analysis

may be performed by the screening assay module 360 as described in greater detail below.
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Fig. 4 includes a log-log plot 400 of flow cytometry results for a screening target set 406
of screening target fhuid samples 4064, 400b, 406¢, and 406d, The plot 400 also includes flow
cytometry results for a screening control set 408 of screening blank control fluid samples 408a,
408b, 408e, and 408d. The vertical axis of the plot 400 represents a log scale of particle
concentration values 402 and the horizontal axis represents g log scale of sample dilution factor
values 404, In turn, the target screening set 406 and the screening conteol set 408 are plotied
relative to particle concentration 402 and dilution factor 404,

Also shawn in the plot 400 s an instrument qualification limit (1GLY 410, The IQL 4190
represents the minimum concentration of particles in a fhuid sﬁmpie for which the flow
cytometer 108 provides sufficiently accurate results and may define a lower bound on particle
concentrations related o the abaohite range of the flow cytometry Instrument. Accordingly, any
flow eytomelry result for a screening target fuid sample 406 that s below the IQL 410 may be
disregarded from any analysis dug 1o the fact that the scrgening target fluid sample 406 is a
concentration below the 1L 410 for the given instrument. For example, in Fig. 4 the flow
cytometry result for the soreening target fluid sample 4064 s below the QL 410 and may
therefore be disregarded from any analysis of the flow cytometry data,

As can be appreciated from the plot 400, the particle concentration 402 for each
respective fluid sample depicted in the plot 400 reduces with increased dilution factor 404 a5
expected theoretically, That is, in theory the relationship between particie concentration 402 and
difution factor 404 on a log-log plot should be linear reflecting a commensurate reduction in
particle coneentration In flutd samples as the samples are ncreasingly diluted, However, dug to
instrument limitations and errors, practical flow cyiometry results may not abide by the linear
relationship of the idealized theoretical scenario, Specifically, fluid samples at high particle
concentrations may have underreported particles counts and flinid samples at low particle
concentrations may have overreported particle counts, thus resulting in a “flattening” of data at
high and low particle concentrations. In turn, the quality of nearity of the flow cytomelry
results oltained over a plurality of dilution factors may be evaluated as will be described in
greater detail below, As will be appreciated, the Iog-log relationship of Fig. 4 could be
equivalently plotted in a transtormed linsar plot form of logarithm values of particle
concentration versus logarithm values of dilution factor,

With further veference o Fig. 5, a plot 300 in such a linear transtormation form is
provided having a vertical axis representative of a Hnear scale of the logarithm value of particls
concentration 502 and a horizontal axis representative of g linear scale of the logarithm value of
dilution factor 304, The plot 300 shows a plurality of corrected quantitication indivations 506
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tor a plurality of screening target finid samples. As described above, the corrected
guantification indications 306 may correspond (o a flow evtometry result for a soreening target
fluid sample as corrected by a flow cytometry result of a corrgsponding screening blank control
fluid sample. After the corrected guantification indications 506 have been plotted, a fit of the
corrected quantification indications 5306 may be caleoulated. The fitwmay provide a quantiative
measure or characierization of the corrected quantification indications 306, For instance, the fit
may provide dilution gquality parameters that may be analyzed (o determine whether the
corrected quantification indications S06 represent a sufficiently Hinear result, thus indicating that
the {low cytometry results of the screening target fuid samples were of a concentration that foll
within the dynamie range of the flow cylometer 100 in which sccuracy is increased.

With further reference to Fig. 6, a fit may be calculated for the correctad quaniification
indications 5306. For instance, a linear regression may be calculated based on the corrected
guantitication fndications 506 such that a resulling frendline 308 may be generated, The
resulting trendline 508 moay provide the quantitative characterization of one or more dilution
quality parameters for use in evaluation of whether the corrected quantification indications 306
for which the {it is calenlated are within a dynamic range of the flow cytometer 1080, That is, the
irendiine 508 may provide a means for evaluation of the corrected quantification indications
5363, S06b, and 506¢ to determine whether the correcied guantification indications 566 on the
plot 300 demonstrate & level of anticipated behavior corresponding to characieristics of results
within a dvnamic range of the flow cviometer 100 corresponding to increased accuracy of the
flow cytometer 100, One quantitative characterization of the fit that provides a dilution quality
parameter may be a slope of the trendline 568 with respect o the such a linear transformation
plot as shown for plot 300, In this scenario, idealized performance (i.e., all corrected
quantification indications 506 falling in the Hnear dynamic range of the flow cytometer 160}
may be represented as a slope vahue of -1, Such a linear equation may be in the form of y = mux
+ b, whersin m ts the slope and b is the vertical axis intercept at a logarithm vahee of zero for the
dilution factor. In this regard, a lincar equation 310 that characterizes the trendline 308 may be
provided on the plot 500, as iHustrated in Fig. 6. The lnear equation 514 provides g slope value
514 that may be evalnated fo determing i the corrected gquantification indications 506 fall within
a sufficiently Hnear dynamic range (that is Hinear in terms of the logarithm values plot 300 of
Fig. 3} of the flow cyiometer 100, That is, the it of the corrected quantification indications 506
may be compared to acceptable dilution quality parameters at feast in part by comparison of @
computed slope value 514 of the trendline 308 relative to the idealized slope value of 1.

Specifically, a range of acceptable slope values may be defined or may be definable by a user.
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Accordingly, a stope value 514 falling within the range of acceptable slope values may indicate
an acceptable difution quality parameter for the corrected quantification indications 506
indicating the corrected guantification indications used o generate the fit fall within the dynamic
range of the instrument. However, a calculated slope value 5§14 that falls outside the range of
soceptable slope values may result in a dilution it notification as described in greater detail
below.,

Also, a coefficient of determination (or R? value) 512 for the trendline 508 relative io the
plotted points of corrected guantification indications may also be provided. The B value 512
may alsc comprise a difution quality parameter that may be used (0 analyze the trendline S08.
The B? value 512 may provide a quaniitative characterization of the amount of variance of the
corrected guantitative indications 508 relative to the trendling 508, Stated in other words, the R?
value 512 may provide an indication of how well the i1 describes the correcied quantitative
indications 504, The closer that R2 is 1o 1, the better the fif of the trendline 508 is to the plotted
corrected difution factors 506, In this regard, the R® value 312 may also provide a dilution
guality pavameter that may be used to evahiale acceptability of'the fit. That is, a range of
aceeptable B? values may be provided. In turn, a computed B® value 312 falling within the
range of acceptable R* values may indicaie accepiable dihution quality parameter for the
correcied guantification indications 506 indicating the corrected quantification indications ysed
tes generate the fit fall within the dynamic range of the instrument. However, a calculated R®
vatue 514 that falls outside the range of acceptable R? values may result in a fit notification as
described in greater detail below,

In further relation to evaluation of sceeptability of g fit calculated for corrected
quantification indications 506, Fig. 7 tllustrates a plot 600 of ancther example set of corrected
geantification indications 606a, 606b, 606¢, and 606d. Again, trendline 508 has been caleulated
corresponding to a it of the corrected quantification indications 606, As may be appreciated, the
caloulated slope value 514 for the trendline 308 ie spproximately -6.7, indicating a departure
from the idealized value of -1, In the example scenario presented in Fig. 7, this slope value 314
is considered to fall cutside the rangs of acceptable slops values, thus resulting in a fit
notification as the dilution quality parameter of the slope is not an acceptable dilution quality
parameter for purposes of this example. Furthermore, the K2 value 512 is reduced from the
idealized plot 500 in which the R® vahie was near an idealized value of 1. Accordingly, the R
value 512 in this scenario also falls outside the range of acceptable R values, such that the R?

value 312 resulis in a fit notification as well,
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In turn, dilotion quality parameters {or the Gt for the corrected guantification indications
6863, 606b, 606¢, and 606d that do not have acceptable dilution quality parameters may indicate
that at least one of the How cytometry results corresponding o the corrected quantification

indications 600 falle outside of the dynamic vange of the flow eviometer 100 such that the results

(¥4}

do not demonstrate sufficient linearity. Specifically, the it of the corrected quantification
indications 606 may indicate the accuracy of at Izast one corresponding flow cytometer result is
compromised due to instrument error in the resulis due 1o one of the fluid samples being ata
concentration outside the dynamic range of the flow cytometer 106 for the fluid sample
characteristics under investigation, As may be appreciated, such error is hikely to ocour for a

15 flow eviometry result (and in turn, a corresponding corrected quantification indication 606}
corresponding o the maximum dilution or the minboum dilution in the provided dais set as
these values are most likely to be at the margin of or outside the dynamic range of the
instrument. In the plot 604, this corresponds to corrected quantification indication 6043 that

represents the minimum dilution of the data set or corrected quaniification indication 6{6d that

e
('3

represents the maximum dilution of the data set. Accordingly, one or both of the correcied
guantification indication 606a corresponding to the maximum dilution and/or corrected
quantification indication 606d corresponding to a minimum dilution of the data set may be
removed from the caloulation of the trendiine 308 to determine if the resulting dilution quality
pargsmeters for the remaining corrected guantification indications 666 correspond 10 acceptable
204 dilution quality parameters,

With further reference 1o Fig. 8, a plot 790 is presented in which corrected guantification
indication 606a has been removed from the calculstion of the it {e.g., as an outhier), such that an
updated calenlation of the trendling 508 is provided. As can be appreciated, atter removal of
corrected quantification indication 6{6a, the slope value 514 for the tfrendline 308 returns to near

ideal and the R value 512 also increases to near ideal. In this scenario, both the slope value 514

|2
h

and the R? value 512 may correspond to acceptable dilution guality parameters such that the fit
for the remaining corrected quantification indications 606b, 606c, and 506d may be confirmed
{or validated for data analysis purposes) as representing a sufficiently linear resull indicative that
the corrected quantification indications are aceeptably within the dynamic range of the flow

30 cytomelry instrument.

While the foregoing contemplates evaluation of corrected quantification indications 606
io determine whether the corrected quantification indications 606 are within the dynamic range
of an jnstrument, determination of an optimized dilution range for 3 given sereening sample
stock may relate to a fusther isolation of a range of concentrations in which the flow cytometer
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1{}} demonstrates further accuracy. That is, a flow cytometer may demonstraie an absolute
range over which resulis may be generated, which may not resulf in a linear relationship of the
flow cytometry resulbts across the entirety of the absolute range {i.e., there may be error for
sampies in the absolute range at high and/or low dilutions). The flow cytometer may also have a
dynamic range for a given sample set in which the results {or corrected results) demonstyate
sufficient Hnearity so as to fall in the dynamic range of the nstrument as determined above.
Further still, a flow cvtometer may generally provide more accurate resulls within an optimal
performance band defined relative o the concentration of particles in a thuid sample being
investigated. Such an optimal performance band may represent a higher performance sub-range
within the dynamic range. In view of the extreme sensitivity of flow eviometers, performing
flow oytomelry investigations fluid samples baving a concentration within the optimal
performance band may provide further enhanced accurate and precise results for a given flow
cytowneter investigating a given targst sample stock,

As such, with returned reference 1o Fig. 8, the trendline 508 for the corrected
guantiffcation indications 606 in which the trendline 508 reflects sufficient lincarity in the data
such that the corrected quamiﬁcétion indications 606 are within the dynamic rangs of the
instroment may be further used to determine an optimized dilution factor range for the screening
sample stock. Specifically, s lower performance concentration bound 702 and an upper
performance concentration bound 704 may be defined for a flow cytometer 100 as reflected in
the plot 700, The lower performance concentration bound 702 and the upper performance
concentration bound 704 may be determined empirically for a given flow cytometer 100 or may
be definable by & user. Tn any regard, the lower performance concentration bound 702 and the
upper performance concentration bound 704 may define a concentration sub-range within the
dviamic range over which the performance the flow cytometer 100 demonstrates heighiened
accuracy, In turn, the lower performance concentration bound 702 may be used to determing the
point at which the trendline 508 for dats in the dynamic range of the instrument corresponds 1o
the fower performance concentration bound 702, The dilution factor at which the lower
performance concentration bound 702 intersects the trendline 508 for data in the dynamic range
of the instrument may define an upper optimized dilution factor bound 706 of an optimized
ditution factor range. Likewise, g dihution factor in which the upper performance concentration
hound 704 intersects the wendline 508 may define a lower optimized dilution factor bound 708
of the optimized dilution factor range. As such, the optimized dilution factor range may
correspond 1o the range between the lower optimized dilution factor bound 708 and the upper
optimized difution factor bound 706 as determined by analysis of the upper performance
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concentration bound 704 and the low performance concentration bound 702 in relation to the
trendline 508 for data determined to be in the dynamic range of the instrument,

i turn, and with reference also to Fig. 3, the foregoing analysis may be uttlized 1o
determine an optimized dilution factor range for a given screening sample fhuid stock 390, Such
analysis may be performed by the screening assay module 360 of the flow cyiometry svstem 300
in conjunction with the graphical user interface soreens depicted in Figs. 9-16. The graphical
usar interface 380 may nclude a number of screens that may be presented to 2 user generally in
relation tor selection of fiow cytometry results or use by the screening assay module 364 for
screening analysis or use by the titer assay module 370 for titer analysis in a resulf Hating screen
B0 show in Figs, 9-10; control and interaction with the screening assay modile 360 in relation
o the sereening analysis in a soreening assay screen 800 shown in Figs. 11-14; and control and
interaction with the titer assay module 370 in relgtion o the titer analysis in a fiter assay screen
FOG0 shown in Figs. 15-16, Additionally, each screen of the graphical user interface 380 may
display a screen selection portion 820. The screen selection portion ¥20 may provids fabs
corresponding to different respective screens that may be utilived to select a given screen of the
graphical user interface 380, In this regard, the screen selection bar 820 may include an analysis
tab 822, 2 resulis tab 824, 3 screening tab 826, and a titer tab 828, The analysis tab 822 may be
manipulated by the user in connection with operation of the flow eytometer during a flow
cytometry investigation to monitor operations of the flow cytomster 106 and will not be
discussed in detail herein. The graphical user interface 280 may also include an instroment
control pane! 8180 that may inchude various interfaces for use in controlling the operation of the
flow cytometer 100,

Fig. 9 depicts a result Hsting screen 860 of the graphical user interface 380, The results
listing screen 304 may include a results listing &30 that includes a listing of flow cytometry
resulis from the How cytometry resubls database 310, As described above, a soreening target
fluid samiple 392 may be prepared at each of multiple dilutions of the screening sample fluid
sto;ok 390, In addition, dves or stains may be added to cach screening target fuid sample 392
that may be use in detection of target particles having particular particle attributes. In an
gmbodiment, the plurality of screening target fluid samples 392 may coraprise a dilution series
of the screening sample fluid stock 390 that is diluted to a plurality of dilution factors (eg., a
plorality of different dilution factors). In apn embodiment, the dilution series may include a fen-
fold dilution series of the screening sample fluid stock 190 such that 8 soresning target Huid
sample 392 is provided at dilutions increasing at a factor of ten {e.g., 10:1, 10011, L,OO0:T, elc ).
In af Jeast one embodiment, 2 single screening target fluid sample 392 may be prepared for each
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of the pherality of ditution factors, That is, in at least one embodiment multiple replicates of a
scregning target Huid sample 392 at g given dilution may not be reqguired (o be subjected in flow
cytometry investigation, thus reducing the number of fluid samples required to be investigated
and providing the noted benefits discussed above, The flow oviomelry results for the plarality
of sureening target fluid samples 392 may be provided to and saved in the flow cytometer results
database 3 1{ such that they are reflected in the resulis listing 858, As can be appreciated in Fig.
9, selection of a given result from the resulis Hsting 850 may expand the given resull to provide
additiona! information and/or options for the given result, For instance, sn oplion may be
provided to allow a user © comument on the result or provide an electronic signature.

In addition, one or more screening blank control tiuid samples 398 may be prepared and
subjected to flow evtometry investigation using the flow cytometer 106, The one or more
screening blank control fluid samples 32§ may include one or more Huid samples that
correspond to the plurality of screening target fluid samples 392, As such, the one or more
screening blank control fluid samples 398 may have properties similar to the plurality of
screening target fluid samples but may be substantially or wholly free of the target particles of
interest to be investigated, A flow cvtometry results generated for the screening blank control

fluid sample 398 may reflect background noise detected by the Hlow cyviometer 100 rather than

actual particle counts such that the screening blank control fluid sarople 398 may be used to

prepare correcied quantification indications as deseribed above. In an embodiment, the one or
more sereening blank control fluid samples 398 may be blank sample matrix of the same type of
the plurality of sereening target fluld samples 392 in the absence of the target particle of interest
being investigated the flow cytometry investigation, but otherwise having similar properties and
preparation such as inclusion of the dye or stain used in the flow cytometry investigation, A
plurality of screening blank contrel fluid samples 398 mvay be provided at corresponding
dilutions 1o each of the multiple dilutions provided in the plurality of screen target fluid samples
392. In this regard, the correspondence between the pharality of screening target fluid samples
392 and screening blank control fiuid samples 398 may relate to common ditutions of each
sample. In another embodiment, the one or more screening blank control fhiid samples 398 may
include solution buffer and/or other reagent fluids in place of blank sample stock matrix fluid
{£.g., in the svent that blank stock sample matrix tluid is unavatlable). In this regard,
corresponding difutions may not be provided and a single screening blank control fluid sample
348 may be subjected to flow cviometry investigation to determine the background noise
associated with the solution buffer and/or any dyes or stains utilized in the testing. Upon flow
cytometry investigation of the one or more screening blank control fluid sarnples 198, the flow
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cytometer resulis for the screening biank control fluld saroples 38 may be provided 1o the flow
cytometer rosulis database 310 and may be reflected in the results listing 850

The results listing 350 may include a number of data cohurnns related to data parameters
of the flow eytometry resulis provided as row entries in the results Listing 830, For instance, the
columns may reflect any of the information for a flow cytometry result included in the flow
cytometry results database as described above, incloding but not limited to, a sample name
column 852, g dilution factor coluran 834, a particle count result column 836, g titer result
column 858 {showing particle concentration), an acquisition date/time column 8580, an
instrusnent identifier column {(not shown), an operator column {not shown), and other data
columns that may relate to the flow cytomelry investigation such as individual detection channel
counts and radiation detection data such as detector baseline, peaks, and widths, The resulis
fisting 850 may be sortable according 1o any one of the columns presented in the resulis listing
850, Furthermorg, additional sort functionality may be provided by way of a user sort option
872, an instrument sort option 874, or a date sort option 76, Further still, options to hide
certain types of fow cytometry results may be provided,

With further reference to Fig 10, a user may select flow cytometry resulis from the
results Hsting 830 for designation of specific flow cytometry results for wtihization in either
screening analysis performed by the screening assay module 360 or titer analysis performed by
the titer assay module 370, In relation to selection of flow cytometry results for use by the
screening assay module 360, a user may select one or more flow cytometry result entries from
the results listing 830 by navigation 1o 2 results designation menu 378 that includes a screening
sefection submenu 880 that sllows for selection of a screening control set selection 882 or a
soreening farget set selection 884, That is, resulis selected from the resulis listing 50 may be
selected by the user as belonging to a screening controd set by selection of the tlow cytometry
results and selection of the sereening control set selection 882, Similarly, results seiseted from
the results listing 850 may be selected by the user as belongiog 1o & soreening targetl sel by
selection of the flow cyviometry results and selection of the screening target set selection 884,

With further reference 1o Fig. 11, a screening assay screen 900 is depicted that may be
presented to the user upon selection of the screening tab 826 from the soreen selection bar 820,
The acreening assay screen 900 may include a screening control set listing 202 that is populated
with the screendng control set 906 as selecied by the user using the screening controf set
selection $84. The screening assay soreen 900 may further include a screening target set listing

904 that is populated with flow cytometry results comprising the sereening larget set 908 as
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selected using the target screening set selection 884 from the results listing 850 in the resulis
screen 8§00,

Upon selection of the screening control set %06 and the screening target set 908, one or
more determingtions or caloulations desceribed above in relation to determination of the dynamic
range for the instrument relative to the selected screen targel set 908 may be performed using the
screening control set 906 and the screening target set 208, Such caleulations may be performed
automatically upon population of the screening target set 904 and scroening control set 806 or
may require the user to inftiste calculations by selection of calculation button 916, 1n this
regard, Fig. 11 depicts an example of the screening assay sereen 900 in which the screening
control set 906 and the scroening target set 908 have been selected, but calenlations of the
optimized difution factor range have not vet been caloulated, With further reference to Fig. 12, a
screening assay screen 900 in which the optimized dilution factor range calculations have been
performed {g.g., antomatically or by selection of the caleulation bution 914} is depicted. The
selection of automatic caleulation or user-initiated caloulation may be configured in a seltings
menu of the graphical user faterface 380,

With continued reference o Fig. 12, in connedtion with the caloulations and analysis
deseribed above to determine the optimal dilution factor range, the scroening assay screen %00
may also include a plot area 216 In which corrected guantification indications based on the
soreening target set 908 and the sereening control set 306 are displayed to the user. That is, the
screening assay module 360 may be operstive to calculate a corrected quantification indication
of particles for each of the screening target fluid samples of the screening target set 908 based on
corresponding ones of the screening control set 906, The corrected guantification indication may
also be displaved for cach one of the screening target set 908 in & corrscted quantification of
particles column 912 in the screen target set listing 904,

In addition, the screening assay module 360 may determine whether the selected
screening control set 306 inchudes corresponding results o the screening target set 908, That is,
the screening assay module 360 may check that a control sample is provided at a dilution
corresponding (o each dilution of the target fluid samples of the screen target set %08, H there is
no correspondence (e.g. a scresning controf fluld sample is selected for which there is no
corresponding sereening target fluid sample or a sereaning target fluld samples selected for
which there is no screening control fluid sample) a correspondence notification may be
generated by the screening assay module 360, which may trigger 2 data notiffcation indicator
924 to be displayed as shown in Fig. 13. That is, the data notification indicator 924 may be
provided in the case of any data notification belog present in relation to the operation of the
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screening assay module 360, In turn, selection of the data notification indicator 924 may result
inn display of a daia notification detailed listing 926 as shown i Fig. 14, The data notification
detatled listing 926 may include a detailed listing of all data notifications present, such as the
correspondence notification discussed above or any further data notifications described in the
following description. The correspondence notification may be provided as a cautionary
notification or warning provided to the user indicating the lack of correspondence. This may
atiow the user to address the lack of correspondence by review and/or revision of the selected
screening control set 806 and/or screening target set 808, For instance, one of sither 3 screening
control fluid sample in the screening control set 906 or a screen target fheid sample in the
screening targel set 208 may be highlighted {&.g., by an offset background color or change in
font color, size, or other formatting) in the screening controd set Hsting 902 or target set listing
984 indicating that no corresponding result is provided. The data notification may be
informational or may require action on the part of the user address the issue causing the
wotification prior (o determination of an optimal dilution factor range. For example, the user may
be reguired to refurn to the results listing &30 and select an appropriate corresponding value that
is missing. In the event that the correspondence notification may be cautionary, a user may also
elect to proceed without addressing the issug causing the notification. Alternatively, the
correspondence notification may result in 3 fault in the screening assay module 360 that
precludes turther calculation of the optimized dilution factor range until and onless the condition
ereating the correspondence notification is resolved by the user.

in certain embodiments as described above, ong or more screening blank control fluid
samples may be made using sample dilution buffer and/or sther reagent liguids and not using
sample stock watrix, In this case, direct correspondence between the screening control set 906
and the screcning target set 908 may not be needed as the screening blank control fluid sample
may not have a corresponding dilution o the plurality of screening target fluid samples. In this
regard, a control correspondence override selection 914 may be selected by the user that would
override any correspondence notification and cause the screening assay module 360 to utilize the )
given comtrol sample results from the screening control set 908 for use in correction of each of
the pharality of scresning target fluid samples of the sereen target set 908,

The screening assay moduole 360 may also calculate corrected quantification indications
912 for each of the screening target set 908, This may include sublraction of the flow cytometry
results of the screening controf set 906 from corresponding ones of the screening target set B0E,
In furn, the screening assay module 360 may determineg if any resulting corrected guantification
indication 912 is negative and may provide a corrected quantification indication notification in
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the event any negative corrected quantification indications 912 are calculated, For instance, the
corrected guantification indication notification may resul in a data wotificstion indication 924,
Details of the corrected quantification indication notification may also be provided in the data
nedification detatled Heting 926 if present. The corrected quantification indication notification
may be a cautionary notification in which an indication of the notification is presented to the
user for informational purposes or may result in a fanlt that precludes further processing by the
screening assay module 360, Further still, a negative corrected quantification indication 912
may he highlighted in the target set listing 904 by way of highlighted values and/or vaiues
provided in a particular text color, size, format, or the fike,

{ince the corrected quantification indications 912 have been calenlated for each of the
screening target set 908, the corrected quantification indications 912 may be plotted in the plet
area 916, Also, a trendline 918 corresponding to a linear regression it of the corrected
guantification indications 912 may be displayed, An optimized dilution factor range display 920
may be provided that reflects the slope 514 of the trendline 918 as described above in relation (o
the analysis to delermine an optimized dilution factor range. Furthermore, an R? value 512 may
also be provided in the optimized dilution factor range display 920. A user may be prompled to
review the plot area 916 and/or optimized dilution factor range display 924 to verify the dilution
quality parameters or other values displayed thereln. This may include the user being prompted
to check the slope value 514 or the B value 512 to determine whether the resolting it of the
corrected quantification indications is within an acceptable range. The sceeptable range may be
displayed in the optimized dilution factor range display 820 or the values for the optimized
difution factor range themselves may be highlighted or otherwise indicated as being acceptable
or unaccepiable for a given acceptable range that is defined for the dilution quahity parameters of
the fit. For instance, the values for the optimized dilution factor range displayed in the
optimized dilution facior range display 920 may be highlighted in a particular color to designate
whether the value us acceptable or unacceptable. For example, the values may be highlighted in
green for acceptable values or may be highlighted in red for unaceeptable valugs, Additionally
o alternatively, text color may be used as an indication of scceptable or unacceplable values in
any of the screens described herein. The screening assay module 360 may define or allow the
yser to define {e.g., via an input of the graphical user interface 380} a definition of an acceptable
range for the dilution quality parameters {e.g., an scoeptable range for the slope and/or an
acceptable range for the R? value). Alternatively or additionally, a trendline 918 may not be
generated within the plot area 9186 if the dilution quality parameters for the corrected
guantification indications 912 are not within a corresponding scceptable range.. Moreover, if the

3



16

28

bt
L

153
ey
o

WO 2020/154135 PCT/US2020/013549

dilution guality parameters are not within the acceptable range, a it notification may be
presemied (o the user. The fit notification may include g display to the user such as highlighting
or other indication that a diletion gualily parameter is out of an acceptable range. The fit
notification yoay also result in a data notification indicator 924 and a listing of the fit notification
iy the data notification detailed listing 926, In this regard, the it notification may be a
cautionary notification that altows the user to override the notification and continue to calculate
the optimized dilition range. Alternatively, an optional dilution range may not be displaved
untif and unless dilution guality parameters are determined {o be within an acceptable range
{e.g., by deletion of one or more of the corrected guantification indications 912 from use in the
calculation of the trendline 218}, Also, an idealized frendline 922 may be provided in the plot
area 916 to help assist a user in review of the trendline 914

{Omce the trendline 918 has been confirmed as being reflective of the dynamic range of
the instrument, the optimized dilution factor range may be presented (o the user in the optimized
dilition factor range display 920, As described above, the optimized dilution factor range may
extend between a lower dilution factor bound corresponding to the upper performance
concentration bound and an upper dilution factor bound corresponding 1o the lower performance
coneentration bound. The upper performance concentration bound and the lower performance
concentration bound may be provided inthe optimized dilution factor range display 920 along
with a corresponding dilution factor listed in relation thereto. Alternatively, a rounded diiuiion
{actor comprising 8 convenient dilution for 3 user may be presented in the optimized difution
fmctor range display 920, That ts, the jower dilution factor bound and the upper dilution factor
hound of an optimized dilution facior range may correspond to dilution factors that are relatively
inconvenient to prepare. As such, the screening assay module 360 may select one or more
convenient difution factors within the dilution factor range for presentation 1o the user for use as
an optimized dilution factor. This may include rounded dilution factors within the optimized
dilution factor range. As an example, if the optimized dilution factor range is between 88 and
242, rounded dilution factors of 100 or 200 may be suggested to the user as convenient dilution
faciors that allow for casier optimized target fluid sample preparation. In this regard, the
optimized dilution factor range need not span bebween an upper and lower bound, but could be
provided as a single dilution factor value as described above.

Onee the optimized dilution factor range has been presented fo the user, a tifer analysis
may be performed using the titer assay module 370. This may include preparation of optimized
target fluid samples 396 having a dilution within the target dilution range as determined by the
screening assay module 360, In this regard, the optimized target fuid saroples 396 may have a

w32



i

34

WO 2020/154135 PCT/US2020/013549

dilution factor the falls within the optimized dilution factor range. In an embodiment, the

screening assay module 360 may present instructions o 3 user in relation fo preparation of the

- optimized target fuid samples 396 such that the optimized target fluid samples 396 fall within

the optimized dilution factor range. In any regard, the optimized target fluid samples 396 may be
subjected flow cviomelry investigation by the How cvtometry 100 and the flow oyvtometry
results for the optimized target fluid samples 396 may be provided to the flow cylometry resulis
database 310. In addition, one or more optimized blank control fluid samples 399 may also be
prepared and subjected flow eytometry investigation. The optimized blank control fluid samples
399 may be stimtlar to the screening blank control fluid samples may be made using blank fluid
matrix of the corresponding sample stock and in the absence of the target particles st a
corresponding dilution factor as used for the optimized target Huid samples {o.g., at a dilution
within the optimized target dilution range}, An optimized blank control fluid sample 399 may be
made not wsing corresponding sample stock flaid matrix and may alternatively include sample
dilution buffer and/or other reagent Hauids instead and with corresponding dyes or stain
provided therewith (o provide a blank contro} fluld sample in relation to the optimized target
fluid samples 396,

in turn, the user may use the resulis screen 800 as shown in Fig, 10 by selection of the
results tab 824 to select an oplimized target set and an optimized control set from the results
Heting 850, A titer selection submenu 886 of the results designation menu 878 may be used for
designating flow cytometry results from the results Hsting 850 as either members of an
optimized target set of optimized target fluid samples or members of an optimized conirol set
comprising one or more optimized blank control fhuid samples in a similar manner as discussed
above in relation to selection of the screening target set and the screeniog control set for the
screening assay module 360 operation. That is, the titer selection submenu 886 may also have
an opiimized control set selection and an optimized targe! set selection in the titer selection
submenu 886 that may be used to designate an optimized control set and an optimized target set,
respectively, from the resuits listing 856,

With further reference to Figs. 15-16 the titer assay screen 1000 is depicted. The tiler
assay screen 1000 may be accessed by selection of the titer tab 828 in the screen selection bar
820, The tiler assay soreen 1000 may inclode an optimized control set listing 1002 that refiects
an optimized control set 1008 as selected by the user from the results listing 850 and an
optimired target set listing 1004 that reflects an optimized target set as selected by the user from
the results Usting 830, The titer assay module 370 may be operative to calculate particle titer
resulis for the target sample stock based on the optimized target set 1006 and the optimized
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controd set 1608 as selected by the user, The particle titer results may be displayed in a titer
results portion 101§ of the titer assay soreen 1000, The particle titer vesulis may include an
average tier 1012 of the target sample stock 394, a standard deviation 1614 of the flow
cytometry resulis of the optimized target set 1006, and a coefficient of variation 1016 for the
particle titer resulis. The average titer 1012 may be an average concentration of target particies
in the target sample stock as detenmined from the optimized target set 1006,

in connection with the determination of particle titer results 1014, the titer assay module
370 may calculate corrected quantification indications 1026 tor the oplimized target set 1006
hased on the optimized control set 1002, This may include subtraction of an average result of
the optimized control set 1002 from the flow eytometry results of the optimized target set 1004
As with the screening assay module 360 operation, if the titer assay module 370 determines that
any corrected quantification indications 1026 for the optirsized target set 1046 are negative, 3
corrected quantification indication notification may be presented that may notify the user of the
circunisiance creating the notification and/or prechude determination of particle titer results
1014, For instance, as shown in Fig. 16 a data notification indicator 928 may also be provided
in the titer assay screen 1000 in the event of 3 data notification being present in relation {o the
operation of the titer assay module 370, While not shown, a data notification detailed listing
tike the one described in relation to Fig. 14 may also be provided upon selection of the data
notification indicator 926 for the titer assay screen 1000, The data notification detailed listing in
the titer assay screen 1000 may provide data notification details for the operation of the titer
assay module 270, |

in addition, the titer assay module 370 may verify that a dilution factor for all of the
optimized control set 1008 and optimized target set 1006 are within the optimal dihstion range
gstablished by the screening assay module 360, In the event a result is outside the optimized
dilution factor range, 8 dilution factor notification may be presented in relation to a member of
either of the optimized control set 1008 or optimized target set 1006 outside the optimized
dilution factor range, and the data notification indicator 926 may be displayed. Also, the value
that is cutside the acceptable range may be highlighted or the font color, size, or formatiing may
be changed to indicate the data notification as deseribed above. Furthermore, an absolute limit
on dilution may be established that may be a broader range than the optimized target range. A
difution factor notification may also be presented if any of the optimized countrol set 1008 or
optimized target set 1006 are outside the absolate dilution factor range.

Furthermore, it may be appreciated that the average titer result 1012 may be basedon a
dilution facior of the optirmized target set 1006 {(o.g., n relation to extrapolation of particle
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guantification indications from the diluted sample to the particle results in the undiluted targst
sample fhuid stock 394). In this regard, the tter assay module 370 may determine or caloulate an
effective dilution factor 1028 to determine the average titer 1012, The effective dilution factor
may be automalically populated based on the dilution factors for the optimized control set {006,

The titer results portion 1610 may also include a calculated sample qualification Hmit
(S5QL) 1618, The SQL 1018 may be determined based on the flow cytometry reaulis for the
optimized target set 1006 and the optimized control set 1608, The SQL 1618 may correspond to
a Hmit at which a sanmple result can be determined with suitable precision and accuracy ina
given mairby of sample results. The SQL 1018 may be determined based on the average result of
the optimized control set 1008, the observed vartability of the optimized target set 1006 (.., a5
reflected in the standard deviation of the optimized control set), and the desired degree of
confidence 1020, The desired degree of confidence 1012 may be selectable by the user inthe
fhter results portion 1010, In this regard, the SQL 1018 may be used 1o determine if the sample
result is statistically significantly greater than a background signal from the sample matrix, The
SCL 1018 may be calculated based upon the average of the optimired control set resulis 1008,
Specifically, a standard deviation of the aptimized control set 1008 may be calculated. A
confidence interval may also be caloulated based on the standard deviation of the optimized
controd set 1008, The confidence interval may be the standard deviation of the optimized control
set 1008 mubliplied by an appropriate confidence value as determined from g t-distribution table.
The confidence value may be determined based upon the degrees of freedom of the data {e.g. a
value of one less than the mumber of replicates of the optimized control set 1308) and based
upon the selected degree of confidence 1028, The resulling confidence value may be added to
the mean value of measurements of the optimized control set to define the SQL 1018,

As depicted in Fig, 17, the 3QL 1618 is depicied as an orroy bar in relation to an
optimized blank control fluid sample result 1022 in 3 plot. As can be appreciated, the optimized
target fhaid sample result 1024 corresponding to the optimized blank control fluid sample resuit
1022 depicted in Fig. 12 is provided outside of the SOQL 1018 as shown in relation to the
optimnized biank control fluid sample result 1022, However, if an optimized target fluid sample
result 1024 s not outside of the SGL 1018 defined relative to a corresponding optimized blank
control fluid sample result 1022, a SQL notification may be provided on the graphical user
interface 380, In addition, the 0L notification may preciude caleulation of the average particle
titer in the particle tiler result portion.

The titer assay module 370 way perform other confirmation of data used to calculate the
particle titer results and/or the particle titer results themselves. In the later regard, a titer
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notification may be provided if any of the particle titey results 1010 are ouiside of 3 defined
aeceptable lmit, which may be provided or definable by a user for any of the average titer 1612
of the target sample stock 394, a standard deviation 1014 of the flow cyvtometry resulis of the
optimized target set 1006, and a coefficient of variation 1016 for the particle titer results,

While the invention has been Hlustrated and described in detall in the drawings and
toregoing description, such illustration and deseription is 1o be considered as exemplary and not
restrictive in character. For example, certain embodiments described hereinabove may be
combinable with other described embodiments and/or arranged ju other ways {o.g., process
glements may be performed in other sequences). Accordingly, it should be understood that only
the preferred embodiment and varianis thereot have been shown and described and that all
changes and moedifications that come within the spirit of the invention are desired to be
profecisd.

EXAMPLE IMPLEMENTATION COMBINATIONS

Soine other conternplated embeodiments of fraplementation combinations for various aspects of
thig disclosure, with or without additional features as disclosed above or elsewhers herein, are
summarized in the exemplary mumbered combinations presented below:

i, A flow cytometry method for quandification of target particles with particular particle
attribuies in a target sampile fluid stock using a flow cvtometer operable to flow a fhitd sample through a
flow oviometry investigation zone subjected to investigation excitation radiation and o detect and
measure response radiation from the investigation zone and to determine and output 2 flow cytometry
reault including 2 quantification indication for target particles in cach said fluid sample, the method
comprising:

suhiecting to first flow oviometry evaluation a soreening target set of sereening target flud
samples comprising a dilution series of scresning sarple fiuid stock dinied at a plurality of dilution
factors, and optionally with only one said screening target fluid sample at each said dilution factor,
wherein the subjecting io frst flow cytometry evaluation comprises:

flowing cach said screening target fiuld saraple through the investigation rone of
the flow evtometsy and in the investigation zone subjecting each sald soreening arget
fhuid sample to the mvestigation excitation radiation,

detecting the response radiation from the investigation zone and generating for
each suid soreening target fluid sample 3 flow cvtometry result including a said
gquantification indication for the target particles for the sereening target fluid sample, and

storing the flow oytometry results for the screening target set in computer
memory, the memory having stored therein a screening assay module acesssible and
executable by a processor and a Hier assay module ascessible and executable by the
PrOCRSsor;
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exesuting the screening assay module by the processor, wherein said executing the screening
assay module comprises:
caloulating a corrected quantification indication for each of at least a plorality

portion of the scresning target fuid samoples, comprising comparison of first selected

(941

flow cytometry results of the screening target set from the memory with corresponding
second selected flow cytometry results of a screening control set selected from the
memory, the screening control sot including at lesst one sereening blank contral fluid
sample corresponding to the sereening larget set and based at least in part on the
comparison adiusting the guantification indications for the first selected flow cylometry
10 results to the corrested quantification indications, and

determining, based on analysis of the corrected quantification indications, ap
optimized sample dilution factor range for the screening stock flold sample and saving
the optimized sample dilution factor range in the mermory;

subiccting o second How cytometry evaluation an optimized target sef of optimized target fhnd

[
(.0

samples sach comprising the target sample fluid stock diluted to an optimized sample dilution factor
within the optimized sample dilution factor range, wherein the subjecting to second flow cylometry
evalustion comprises;
flowing each said optimized target fluid sample through the investigation zone
of the flow cytometer and in the investigation zone subjecting each said optimized target
26 fluid sample to the investigation exoitation radiation,
defecting the response radiation from the investigation zone and generating for
cach said optimized target fluld sample a said flow cytometry result including a said
guandification indication for the target particles for the optimized target fluid sample, and
siaring the flow oyiomeiry results for the optimized target sst in the memory;
25 exesuting the titer assay module with the processor, whereln sald exscuting the titer assay
module comprises:
accsssing the fow oytometry results for the optimized target set in the memory,
and
caloulating, using the flow cytometry resuhts for the optimized target set, particle
34 titer results for the target sample Huid stock, aptionally inclading a calculated
concentration of the target particles in the target sample thid stock; and
storing the particle titer results for the target sample fluid stock in the memory.
2. The method of example combination 1, further comprising:
displaving on a display of a graphical user interface a resubts listing corresponding to the fow
35 oytometry resudis stored in the memory, opilonally the graphical user interface haviog » user input
device,

The method of example combination 2, further comprising:
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receiving & first soreening seleciion from a user by the user Input device of the graphical user
interface, the first screening selection comprising the first selected flow cvtometry resuls for the plurality
portion of the sereening target thid samples from the results listing.

4, The method of example combination 3, wherein the executing the sereening assay
module further comprises:

sccessing the memory o retrieve the first selected flow cytometry results for the plurality portion
of the screening target fluid samples based on the first screening section that s selected by the user from
the results Hsting.

s The method of any one of example combinations 2-4, further comprising:

receiving a fivst titer selection from the user by the user input deviee of the graphical user
interface, the first titer selection cornprising the flow cytornetry results Tor the optimized target fluid
sampies that is sclected by the user from the results Hating.

8. The method of exaraple combination 3, wherein the executiog the titer assay module
further comprises:

acvessing the memory to retrieve the flow cvtometry resuits for the optimized target fluid
samples based on the first titer selection that is selected by the user from the resulis lsting.

7 The method of sither one of example combinations 5 or sxample combination 6, further
comprising:

storing the flow cytometry resubis for the at least one screening blank control fluid sample of the
screening conirod set in the memory,

8. The method of any one of example combinations 1-7, further comprising:

subjecting o third flow oyviometry evaluation the screening control set comprising the at least one
screening blank control fluid sample, the sublecting to third How cytomelry evaluation comprising:

flowing sach sald scresning blank condrol fluid sampie theough the flow oytomster
investigation zone and in the investigation zone subjecting sach said soreening blank control
fluid sample to the investigation excliation radiation, and
detecting the response radiation from the investigation zons and generating for each said

soreening blank control fluid sample & said flow cvtometry result including 2 sald quantification

indication for the target partieles for the scresning blank control fluid sampile,

9. The method of example combination 8, fiwther comprising:

receiving a second scresning selection from 3 user by 3 user input device of a graphical user
interface, the seoond screening selection comprising the flow cytometry results for the of least one
sorsening blank control fuld sample from a results Hsting displayed on the graphical user interface.

Hi The method of example combination 8, wherein the executing the screening assay

module further comprises:
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accessing the memory o retrieve the second sslected flow cytometry results for the at least one
screening blank contre! fluid sample based on the second screening section that is selected by the user
fron: the results Hsting,

i1 The method of any one of example combinations 1-10, wherein the executing the titer

@4

assey module further comprises:
calculating the particle titer results for the target sample Huid stock using the How cytometry
results for the optimized target set and an optimized contro! set comprising at least one optimized blank
control fluid sample corresponding to the opthnized target set,
iz, The method of exampie combination 11, wherein the executing the titer assay moduie
10 further comprises:
determining a sample qualification Hout (SOL) for the flow oytometry results for the optimized
target set based on the flow eytometry vesuits for the optimized control set; and
providing, optionally on a grapbieal user interface, an indication of an S8QL notitication if the
flow cytometry resull for any one of the optinuzed target set does not excead the SQL.
1S i3, The method of either one of example combinaiion 11 or exampic combination 12, further
comprising:
storing the flow cytometry results for the at least one optimized blank control fluid sample of the
optimized control set in the mermory.
14, The method of any one of example combinations 11-13, further comprising:
20 subjecting to fourth flow cytometry evaluation the optiraized control set comprising the at least
one optirnized blank control fluid sample, the subjecting ¥o fourth flow cytometry evaluation comprising:
flowing each said optimired blank control fluld sample through the investigation zone
and in the investigation zone subjecting each said optimized Mank control fluid sample to the
investigation excitation radiation, and
25 detecting the response radiation from the investigation zone and generating for each said
optimized blank control fluid sample a said flow cytometry result including a said quantification
indication of the target particles for the optimized blank conirol fluid sample,
18, The method of any one of sxample combinations 11-14, further comprising:
receiving a second tier selection from a user by a user lnput device of a graphical user inferface,
30 the second titer selection comprising the How eytomelry resulis for the af feast one optimized blank
control fiuld sample from a results listing displayed on the graphical user interfaee.
18, The method of example combination 15, wherein the executing the titer assay module
further comprises:

aceessing the memory to retrieve the How eyiometry resulls for the af least one optimized blank

]
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contro! fiuid sample based on the second titer section that is selected by the user from the results listing.
17, The method of any one of example combinations 1-16, whersin the executing the
screening assay module further comprises:
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firat determining whether or not there is a frst condition in which there 13 a sald How cviometry
result for a said sorsening hlank control fluid sample corresponding to each said screening target fluid
sample of the plurality portion of the screening target fluid samples; and

providing a correspondence notification, optionally on a graphical user interface, when it is

S determined that there {8 not such a first condition during the first determining,

8. The method of any one of exampie combinstions 1-17, whergin the sxsouting the
screening assay module firther comprises:

second determining whether or not there is a second condition that cach sald guantification
indication of the second aslected flow cytometry results of the soreening conlrol set is greater thana

10 corresponding said guentification indication of the first selected flow cytometry results of the screening

control sef; and

providing an indivation of & quantification correction notification, optiomally on a graphical user
interface, when it is determined that there is not such 8 second condition during the second confirming,

18, The method of any one of example combinations 1-18, whersin in the executing the

s
|53

sorsening assay module the determining an optimized sample dilution factor further comprises:

calcuiating a it of the corrected guantification indications relative to multiple dilution factors,
wherein the plurality portion of the soreening target fuid samples of the first selected flow cytomeity
resulty represent the multipe dilution factors.

28, The method of example combination {8, whereln the execuoting the screening assay
20 moduole frther comprises:

displaving on & graphical user interface 3 plot of the {it of the correcied guantification indications
relative 10 said corresponding multipie difution faclors optionatly with the plotted fit displayed in the plot
relative to plotted points of the correctad quantification indications, and optionally the fitis plotted as a
Hnear trendling,

21 The method of example combination 20, wherein the executing the screening assay

e
L

maduie further comprises:
displaying on the graphical user interface an tdealized trendline on the plot,
22, The method of cither one of example combination 20 or example combination 21,

wherein the executing the soreening assay module fusther cornprises:

ol
e

providing an indication of a graphiog notification if the phurality portion of the screening target
finid samples do not generate a plottable result.

23. The method of any one of example combinations 19222, wherein the executing the
screening assay module further comprises:

comparing the fit relative to one or more dilution quality parameters, wherein the optimized
35 sample difution factor range iv determined afier the fit conforms to acceptable dilution guality

parameters..
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24. The meihod of example combination 23, wherein the executing the screening assay
module further comprises:

providing s indication of a it notification if the it for # aaid plarality portion of the screening
target fluid samples dogs not conform to acceptable difution quality parameaters.

23, The method of aither one of example combination 22 or example combination 23,
wherein the calculating the fit comprises determining a lnear regression {it relative to log conversions of
the corrected quentification indications and the roultiple dilution fastors,

28, The method of example combination 235, wherein the one or more dilution quality
parameters comprise a quantitative characterization of the linear regression fif,

7. The method of either one of example corabination 25 or example combination 26,
wherein the executing the screening assay module further comprises:

representing the Hnear regression fit as a wendlive relative to the log conversions of the corrected
quantification indications and the multiple difution factors, and whersin the dilution quality pararosters
comprise a siope and & coefficient of determination of the wendline.

28, The method of any one of example combinations 23-27, wherein aaid acceptable dilution
quality parameters comprise an soceptable slope value of & linear trendline and an acceptable coefficient
of determination of the lnear trendline, '

29, The method of sxample combination 28, wherein the acceptable slope value isina
prodetermined range of acceptable slope values and the acceptable cocfficient of determination valug is
in a predefermined range of acceptable coefficients of determination.

30, The method of cither one of example combination 28 or example combination 29,
wherein the optimized sample dilution facior range is within a sub-range within a range of the multiple
dilution factors of a said plurality portion of the soreening terget fhuid samples in which the slope valuc is
within a predetermined range of seceptable slope values and the coefficient of determination is within z
predetermined range of acoeptable coefficient of it determination valuss.

3L The method of any one of example combinations 28-38, wherein the optimized sample
difution factor range is defined between an upper optimized dilution factor bound and 2 lower optimized
difution factor bound, wherein the upper optimized dilution factor bound corresponds to 7 dilution value
on the Hnear trendiine corresponding io a lower optimized performance concentration bound and the
lower optimized ditution factor bound corvesponds 1o a dihuion value on the linear trendline
correaponding to an upper optimized performance concentration bound, and

optionally the fower optimized performance concentration bound s at least 10° partisles per
millititer, proforably at feast 10%7 pasticles per milliliter, more preferably at least 10%7 particles per
milfiliter and even more preferably at least about 1677 partictes per milliliter and the upper optimized
concentration bound is no larger than 10% particles per milliliter, preferably no larger than 1077 particles
per milliliter, more preferably no larger than 1877 particles per milliliter and even more prefarably no

targer than abouot 1077 particles per milliliter.
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32, The method of example combination 31, wherein the lower optinuzed performance
concentration bound and the uppef aptimired performance concentration bound define an optimized
performance sub-range within a dynamic range of the flow cytometer for particle concentration
determinations; and

optionalty, the upper optimized concentration bound is no more than 10 thues the lower
optimized soncentration bound, preferably no more than 10™ times the lower optimized concentration
bound and more preferably no more than 10%° times the lower optimized concentration bound,

33. The method of any one of exarnple combinations 23-31, wherein the comparing the fit
further comprises prosenting a review prompt to a user to prompt the user to confirm the dilution quality
pararpeiers of the fit, and optionally the pressntation coraprises a visual indication appearing on a
graphical user interface.

34, The method of any one of example combinations 23-33, wheretn the executing the
soreening assay module further comprises:

receiving an scceptable ditution quality parameter input from a vser that define the acceptable
dilution quality pararneters, and optionally through a user Input device of a graphical user interface.

35. The method of any one of example combinations 23-34, wherein the calcuisting the it
further comprises:

removing from determination of the i at least one said soresning target fuid sample at a
maxinwum said dilution factor or a minimum said dilution factor of the plurality of dilution faciors,
wherein the fit is determined excluding any said corrected gquantification indivation for each said
removed screening target fluld sample, and optionally the removing is a consequence of a prior proposed

fit not conforming 10 one or more acceptable dilution quality parameters,

36, The method of examaple combination 33, whereln the romoving is in response 1o a user
fnput.
37 The method of any one of example cornbioations 19-24, wherein the caleulating the it

further comprises:

removing from determination of the it at least one sald sereening targe! fhuid sample ot a
maximum sald dilition factor or o minimum said dilution factor of the phurslity of dilution factors,
wherein the $it is determined excluding any sald corrected guantification indication for each said
removed screening target fhid sample, and optionally the removing is i response to a user input.

38, The method of any one of example combinations 19-24 and 37, wherein the optimized
sample dikgion factor range is defined betwesn an upper optimized dilution factor bound and the lower
opiimized dilution factor bound, wherein the upper optimized dilution factor bound corresponds to a
dilution value on the §t corresponding to 8 lower optimized performance concentration bound in the
inwer optimized dilation factor bound corresponds to a dilution value on the §it corresponding to an

upper optimized performance soncentration bound.
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39 The method of example combination 38, wherein the lower optimized performance
concentration bound is at least 10° particles per miliiliter, preferably at feast 1677 particles per milliliter,
more preferably at least 10 particles per milliliter and even more preferably at east about 187 particles
per raillifiter,

3 40, The method of sither one of example combination 38 or example combination 39,
wherein the upper optimized concentration bound is no larger than 10° particles per milliliter, preferably
po larger than 107 particles per milliliter, more preferably no larger than 107 particles per milliliter and
even more preferably no larger than about 1077 particles per milliliter.

41, The method of any one of example combinations 38-40, wherein:

16 the lower optimized performance concentration bound o the upper optimized performance
concendration bound detining optimized performance sub- range ia within a dynamic range for the flow
cytometer for particle concentration determination; and

the upper optimized concerdration bound is no raore than 10 times the lower optimized
concentration bound, preferably no move than 107" times the lower oplimized conceniration bound and

15 more preferably no more than 10" times the lower optimized concentration bound.

42. The method of any one of example combinations 1-41, wherein the executing the
sereening sesay module further comprises:

providing an indication of a dilution factor notification i the optimized sample dilution factor
range is outside of an absolute dilution factor range of the flow cytometer, and optionally the indication

23 of a difution factor srvor comprises a visual indication on a graphical user interface,

43, The method of any one of example combinations 1-42, wherein the executing the

screening assay module further comprises:

providing an indication of the optimized sample dilution factor range 1o a user, and optionally as

a visual indication on a graphical user interface.

fe
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44, The method of example combination 43, wherein the providing the indication of the
optimized sample dilution factor range comprigses highlighting an upper bound and a lower bound of the
optimized sample dilution factor range on 2 display of & graphical user interface.

45, The method of either one of example combination 43 or exampie combination 44,
whersein the providing the indication of the optimized sample dilution factor range includes providing at
30 least one optimized dilution factor value comprising a rounded dibgion value within the optimized
sample dilution factor range, optionally on & graphical user interface.

46, The method of any one of example combinations 1-43, whersin the exeouting the
sereening assay module further comprises:

generating dilution instractions to prepare the optimized target set of the plurality of optimized

Lol
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target fluid samples within the optiraized sample dilution factor range.
47, The method of example combination 46, wherein the executing the screening assay
module further compriass:
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presenting the dilution instructions o 3 user for preparation of the optimized farget set, optionally
on a graphical user interface.

48, The method of any one of example combinations 147, whersin the executing the titer
assay module further comprises:

5 caleulating one or more Hier parameters regarding the particle titer resulis.

44, The method of exaraple combination 48, wherein the one or more titer parameters
comprise & standard deviation of the particle Hiter vesults, and optionally a standard deviation of multiple
said concentrations corresponding to multiple said optimized target fluid samples.

50. The method of either one of example combination 48 or example combination 494,

13 wherein the one or more tifer paramelers comprise a coefficient of variation of the particle titer reculis,
and optionally a coefficient of vartation of mudtiple sald concentrations corresponding to mubtiple said
optimized target fhaid samples.

51, The method of any one of example combinations 48-530, wherein the exeouting the titer
assay module further comprises:

13 providing an indication, optionally on a graphical user interface, of a titer notiflcation i a sald
titer parameter {s determined to be cutside a corresponding acceptable titer parameter value range.

31A.  The method of any one of example combinations 1-80, wherein the executing the tter
assay module further comprises:

confirming that cach said optimized target fhuld sample of the optimized target set comprises an

20 acceptable dilution factor.

52 The method of example combination 1A, wherein the acceptable dibution factor is
within the optirnlzed dilution factor range.

53, The method of cither one of example combination S1A or example combination 52,
wherein the executing the titer assay moedile further comprises:

23 providing an indication of a titer dibution potification when any one or raore of the flow
cytometry rosults for the optimized farget fhad samples of the optimized target set do not comprise a said
acceptabls dilution factor.

54, The method of any one of example combinations 1-53, wherein the screening control set
comprises a plurality of said screendng blank conirol fhuid samples, with &t least one said sereening blank

30 control fuid sample corresponding to sach said dilution factor of the plurality of ditution factors of the
screening target fluid samples, and optionally with only one said screening blank control fluld sample
sorresponding to sach said dilution factor of the plurality of dilution factors sample corresponding 1o
each said dilution factor of the plurality of dilution factors of the soreening target fhid samples.

53, The method of exarnple combination 54, wherein the plurality of screening blank condrol

35 fiuid samples conprise blank fluld matrix of screening sample fhuid stock, in the absence of the target

particles.
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56. The method of any one of example combinations 1-83, wherein the at least one soreening
blank contre! fluid sample comprises a scresning buffer solution, in the absence of the target particles,
and optionally the screening control set includes only 4 single sald soreening blank control fluid sample,

37, The method of any one of sxample combinations 1-36, wherein the target sample fluid
stock comprises the fluid matrix of the acreening sample fhuid stock.

S&. The method of any one of exaraple combinations 1-57, wherein the screening sampie
fluid stock is the same as the target sample fluid stock.

59, The method of any one of example combinations 1-58, wherein the screening target set
comprises a serial ten-fold dilution series of the screening sample fluid stock.

&3, The method of any one of exaraple combinations 159, wherein the caloulated
coneentration of the target particles in the target sample fHuid stock is at least in part based on adjustment
for a said dilution factor of the optimized target sel.

&1, The method of example combination 60, wherein the executing the titer assay module
comprises:

automaticaily retrieving a said dilution facior of the optimized target set to delerimine the particle
fiter resulis,

62, The method of any one of example combinations 1-61, wherein the screening control set
includes onby a single said screening blank control fhuid sample at cach said dilution factor of the
plurality of dilution factors.

63, The method of any one of example combinations 1-62, wherein the optimized target set
includes 2 phurality of said optimized target fluid sample at 5 single said optimized dilution factor within
the optimized sample dilution factor range, optionally the plurality of said optimized fluid samples
include, at least 3 said optimized target fiuid sampics, preferably not more than 19 said optimized targst
fluid samples, and more preferably 3 said opiimized target Huid samples,

&4, The method of any one of example combinations 1-63, wherein the optimized sampie
difution factor range is bounded by an upper optimized ditution factor bound and a lowar optinyized
dilution factor bound, neither of which is at a dilution factor of the plurality of dilution factors of the
screoning target sel.

68, The methed of any one of example combinations 1-64, wherein the target particles are
particles of biological material.

&6, The methed of any one of example combinations 1-65, wherein the target particles have
a particle size of sroaller than 2 microns, preferably smaller than | reicron, more preferably smaller than
600 nancmeters and even more preferably smaier than 300 nanometers.

&7, The method of example combination 68, wheresin the particle size is at least 10
nanometers, preferably at least 20 nanometers, and even more preferably at least 3¢ ranometers.

58, The method of any one of example combinations 1-67, wherein:
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each said screening target fluid sample, screening blank control fluid sample, optimized target
fluid sample and optimized blank control fluid sample s fluorescently stalned to provide & at lesst one
fluorescent label on the targst particles; and

sach satd fHlow oytometry svaluation comprises detecting the response radiation from the

investigation zong for fluorescent edssion response from a said Huorescent label on the target particles,

L

6%, The method of example combination 68, wherein each said flow oylometry evaluation
comprises detecting only for fluorescent emission response from the investigation zone and not detecting
for Hight scafter,

74 The method of either one of example combination 68 or example combination 69,

13 wherein the at least one fluorescent iabel comprises a non-speeitic nuclele acid label provided by a
fluorogenic dye,

71 The method of any one of sxample combinations 68-7{, wherein the af least ong
fhrorescent tabel comprises g non-specific protein label provided by a second fluerogenic dyve.

T2, The method of any one of example combinations 68-71, wherein the at least one

LA

fluorescent label comprises an antibody stain specific for binding fo an epitope of the target particles.
73, The method of any one of example combinations 68-71, wherein the target particles

comprise fuorescently-labeied virions.

~d

4. The method of any one of example combinations 68-71, wherein the target particles
comprise fluorescently-labeled virus-like particles.
20 78, The methed of any one of example combinations §8-71, wherein the farget particies
compriae fluorescently-labeled exosomes.

76, The method of any ong of example combinations 68-7 1, wherein the target particies

comprise microvesicies.

77 The method of any one of example combinations 68-76, whereln the at least one
3 fluorescent label includes a plurality of Huorescent labels and cach sald flow cytometry evaluation

comprises detecting for a separate fiunorsecent emission response from each of the said plurality of
fluorescent labels.

78, The method of example conbination 77, wherein each said generating a said flow
cytometry result comprises identifying coincidental fluorescent emission responses from af least fwo said
30 fuerescent labels indicstive of passage through the investigation zone of a sald target particle including
the ut least two said fluorescent iabels.

79, The method of example combination 78, wherein each szid gensrating a said flow
cytometry result comprises counting as a farget particle each said idendified colncidental fluorescent

enussion response.

Ly

80, The method of any one of example combinations 68-79, wherein the excliation radistion

is provided from s single exeitation radiation source.

A
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&1, The method of any one of example combinations 58-80, wherein the exciiation radiation
is provided from a phurality of different excitation radiation sources each providing radiation to the
investigation zong in a different radiation wavelength range.

82. The method of either one of exsmple combination 80 or example combination 81,
wherein sach said excitation radiation source is a light source, and optionally comprising & laser or light-
emitilng diode (LED,

83, The method of any one of example combinations 1-82, wherein each said Hlow cytometry
evalnation comprizes flowing the respective fuid sample through the investigation zone at a flow rate in
3 range of from 500 nanoliters per minute to 3000 nanoliters per minute, and preferably from 600
nanoliters per mingte to 2600 nanollters per mingte, while subjecting the sald respective fluid sample to
the investigation excitation radiation.

84, A flow cytometry system for quantification of pasticles in a target sample fhuid stock, the
flow cytometry system comprising:

a flow cytometer operable to flow a fluid sample through a Jow oytometry investigation zone
subjected to investigation excitation radigtion and fo detect and measure responss radiation from the
investigation zone and {o defermine and ouiput a How cyvtomeiry resull including a quantification
indication of target particles with particular particle attributes in eack said Juid sample;

a memory (o recetve and store the flow oytometry resulis and including a sald flow cytometry
result for each of a screening target set of a plurality of screening target fhuld samples, each said
screening target fuid sample comprising a soreening sample Huid stock for flow ytometry evaluation for
the target particles and the plurality of soreening target fluid semples comprising a dilution serias of the
screening sample fhuid stock dituted at a plurality of ditution factorg;

a graphical user interface comprising a display 1o present o a user a resulis listing corresponding
to the fow oyvtometry resulis stored In the mersory and a user input device to receivs from a user a
selection of the How cytometry results from the results listing;

a sereening assay meodule exeoutabls by a processor to configure the processor to:

access the memery 1o retrieve the flow oytometry results for the screening target
set based on a frst sorsening selection that is sslecied by the user from the results listing,

calautate corrected quantification indications of the target particles for at least a
plurality portion of the screening target fluid saraples of the first screening selection
representing multiple dilution factors,

caloulate a fit of the correcied guantification indications relative to the nuliiple
dilution factors,

determine an optimized sample dilution factor rangs for How cytometry
investigation of the screening sample fluid stock using the flow cytometer {nstrument

bassd on an analysis of the it of the corrected quantification indications, and

47
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present ap indication of the optimized sample dilution factor range on the display
of the graphical user interface;
wherein the memory {s further operative to receive and store a sald flow oytometry result for

sach of an optimized target set of a plurality of opiimired target fluld samples each comprising target

(v

sample fuid stock for flow cytometry evaluation for the target particles with the particular particle
attributes, wherein the plurality of optimized target fiuid samples of the optimized target set comprise a
dilution factor of the target sample fluid stock diluted to within the optimized sample difution factor
range; and
a titer assay module execuiable by a processor to configure the processor to:
i access the memory 1o reirieve the flow cytometry resulfs for the optimized target
set based on a frst titer selection that fs selected by the user from the resulis Usting, and
determing particle tier results for the target sarple flold stock based on the flow
cytometry results of the optiraized target set of the first titer selection and present the

particle ther results on the display of the graphical user interface.

Pt
v

§s. The flow cytometry system of example combination 84, wherein the memory raceives
and stores 2 said Hlow oytometry result for a soreening control set with at least one scrsening blank
control fluid sample corresponding o the screening target set.

8BS, The flow cviometry system of example combination 83, wherein the screening assay
module is further operative to:

28 refrieve the flow cytometry result for the screening control set based on a second scresning
selection that is selected by the user from the resuls fisting.

&7, The How cviometry system of example combination R6, wherein the screening assay
wmndule s further operative to:

confirm that the second screening selection comprises a said fow oytometry result for a said

screening blank control Hluid sample corresponding to sach of the plurality portion of the screening target

N2
ir

fiuid samples of the first soresning selestion

8, The flow cytometry system of either one of example combination 86 or exanple
combination 87, wherein the soreening assay module is further operative to:

confirm whether or not the quanti Heation indleation of the target particles of each ssid screening

3P target fluid sample of the first screening selection is greater than o corresponding said guantification

indication of the target particles of the soreening control set of the second screening selection,

84, The flow sytometry system of example combination 88, wherein the plurality portion of
the scresning target fluid samples are confirmed 1o have & said quantification indication of the target

particles greater than the corresponding said quantification indication of the target particles of the

Lok
(2

soreening condrol set of the second soreening selection.
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94, The flow cytometry systern of any one of example combinations 84-89, whersin the
memory receives and stores a said flow oyloretry result for an optiraized control set with at least aneg
optimized blank controd fhuid sampile corresponding to the optimized targst set

91, The How cytometry system of example combination 80, wherein the titer assay module

(2]

is further operative to

retrigve the fow cytometry results for the optimized control set based on g sscond titer salection
that is selected by the user from the results Hsting,

9. The flow cytometry systom of example combination 91, whersin the particle titer results
for the target sample fhiid steek is based on the flow oytomeiry resolis of the optimized target set of the
1} fivst titer selection and the optimized control set of the second titer selsction.

93, The How cyvtometry system of any one of exarnple combinations 8492, wheraln the
screening assay moduie is further operative 10
compare one or more dilution quality parameters of the fit to one or more acceptable dilution
guality parame‘éersu
i5 44, The flow ovtometry system of example combination 93, wherein the optimized sample
dilition factor range is based on an identified said plurality portion of the soreening target thiid samples
of the first soreening selection having acceptable ditution quality paramaters,
43, A flow cytometry syatenm for quantification of particles in a target sample HBuid stock, the
flow eytometry system comprising:
20 & flow cytometer operable 1o flow a fluid sampile through s flow cyvtometry investigation zone
subjected 10 investigation exeitation radiation and to detect and measore response radiation from the
investigation zone and to determine and ouipwt a flow cytomelry result including a quantification
indication of target particles with particulsr particle atiributes in the fhuid samples;
a memory 1o receive and store the flow eytometry resolis and inchuding a said flow cytometry

result for each of a screening target set of a plurality of screening target Huid samples and for each of 2

[
LA

soreening control set with st least one soreening blank control fhild sample corresponding to the

screening target set, each said screening target fluid samaple comprising a screoning sample fluid stock for

flow cytometry evaluation for the target particles and the phurality of screening target Suid samples

comprising a dilution series of the screening sample fluid stock dituted at a plurality of ditution factors;
34 a graphical user interface comprising a display 1o present to a user a results histing corresponding

to the flow cytometry results stored in the memery and a user input devics to recsive from a user a

selection of the flow cytometry vesults from the results Hating;

3 soreening assay module executable by a processor to configure the processar 1o

acosss the memaory 16 refrieve the flow cyiometry results for the seresning target

Lad
(%2

et based on a first screening selection that is selected by the user from the resulis listing
and to retrieve the flow oytomelry resulis for the sorecuing conirol set based on 3 second

soreening selection that is selected by the user from the resulis listing,

S48
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confirm that the second soreening selection comprises a sald flow cviometry
result for g said screening blank condrol fhuid sample corresponding to each of the
plurality of screening target fluid samples of the first screening selection and whether or
net the quantification indication of the target particles of each said screening target fhild
8 sample of the first screening selection is greater than a corresponding said quantification
indication of the target particles of the sereening control set of the second screening
selection,
caleulate corrected quantification indications of the target particles for at least s
plurality portion of the sereening target fluld samples of the fisst sereening selection
19 representing multiple dilution factors that are confirmed to have a sald quantification
indication of the target particles greater than the corresponding said guantification
indicaiion of the target particles of the screening control set of the second screening
sclection,

calealute a it of the correctad quantification indications relative o the moliiple

jo—y
(o 43

difution factors,
compare the fit relative to one or mors acceptable dibution quality paramelers,
determine an optimized sample difution faoler range for fow oytometry
investigation of the screening sample fluid stock using the flow oytometer instrument
based on an identified said plurality portion of the screeniog target fluld samples of the
20 first soreening sclection having acceptable dilution quality parameters, snd
present an indication of the optimized sample dilotion factor range on the display
of the graphical vser wterface;
wherein the memory is further oporative o receive and store a sald flow cytometry result for

each of an optimized target set of a plurality of optintized target fluid samples sach comprising target

B
L

sample flald stock for fow cytometry gvaluation for the target particles with the particular particle
attributes and a said flow cytometry result for an optimized control set with at least one optimized blank
control fuid sample corresponding o the optimized target set, wherein the plurallly of optimized target
fluid samples of the optinvized target set comprise a ditution factor of the titer sample fluid stock diluted
to within the optimized saraple dilution factor range; and
30 a titer assay module executable by 2 proceasor to configure the processor to:

access the memory fo refrieve the flow cytometry resalis for the optimized target
set based on a fiest titer selection that is selected by the user from the resuits Hating and
to retrieve the flow cytometry resulis for the optimized controd set based on a second titer
selection that is selected by the user from the results listing, and

determine particle titer results for the target sample fluid stock based on the flow

(P4
5y

cytometry results for the optimized target set of the first titer selection and the optimized
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control set of the second titer selection and present the particle titer results on the display
of the graphical user interface.

86, The flow cytometry systern of any one of example combinations 84-95, wherein the titer
assay module is further operative o

caloulate one or more titer parameters regarding the particle titer results, and
present the one or meore Hisy parameters on the display of the graphical user interface.

97. The fHow cytomeiry system of example combination 96, wherein the one or move titer
parameters comprise 8 standard deviation of the particle titer resulia.

98. The flow cytometry system of either one of exarnple combinations 96 or exarple
combination 97, wherein the one or move titer parameters comprise a coefficient of vanation of the
particle titer results.

99, The flow cytometry system of any one of exampie combinations 96-98, wherein the titer
assay module is further operative to:

provide an indication of 4 titer notification {f the one or more ilfer parameters are putside a
corresponding acceptable titer parameter.

100, The flow cyiometry system of any one of example combinations 86 and 95-99, wherein
the titer assay module is further aperative ta

determine a sample gualification Hoit (SOQL) for the fow evtometry vesulia for the
optimized target set of the Hrst Gter sefection based on the flow cytometry resulis for a sald the
optimized conirod set of 3 said second titer selection; and

provide an indication of an SQL notification if the flow cytometry result for any one of
the said optimized target set does not excesd the SQL.

1841, The flow cytometry sysiem of any one of example combinations $4-100, wherein the
scresning assay module is further operative to

provide an indication of a fit potification i the it for a said plurality portion of the screening
{arget fluld samples of the first seresning selection does not provide a sald it baving dilution quality
parameters conforming to said acceptable difution quality parameters.

102, The flow cytometry system of example combination 101, wherein the fit comprises @
finear regression fit calculated relative to log conversions of the set of the corrected gquantification
indications and the mulfiple difution factors.

103, The flow cyiometry system of example combination 107, wherein the one or more
dilution quality parameters comprise a quantitative characterization of the lnear regression fit

134,  The flow cytometry system of either ong of example combination 162 or exaraple
combination 103, wherain the Hnear regression fit iz represented as 2 frendline relative to the log
conversions of the correcied gquaniification indications and the multiple dilution factors, and wherein the

dilution quality parameters comprise s slope and a coefficient of determination of the trendline.

A5
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103, The flow cyiometry sysiem of example combination 104, wherein the log conversions of
the set of the corrected guantification indisations are displayed in a plot relative to said corresponding
multiple dilution factors on the display of the graphical user inferface, and wherein the trendline is
displayed in the plot relative to the corrected quantification indications.

6. The flow cytometry system of example combination 1835, wherein an idealized trendiine
is displayed in the plot.

167, The flow cytometry systom of either one of example conbination 105 or example
combination 106, wherein the soreening assay module is further operative to:

provide an indication of a graphing notification if said plurality portion of the screening target
fluid samples do not generate a plotiable result

R, The flow cytometry system of any one of example corabinations 104-107, wherein said
acceptable quality parameters comprise an acceptabie slope value of the trendline and an acceptable
coefficient of determination of the trendiine. .

109, The flow cytometry system of example combination 108, wherein the acceptable slope
valie comprises a range of accepiabie slope values and the acceptable coefficient of determination
comprises a range of scceptable coefficients of it determination.

116, The flow oytometry system of example combination 109, whereln the optimized sample
dilution {actor range is within a range of the multiple dilution faciors of a sald phirality portion of the
sereening target fluid samnples of the first screcning selection in which the slope value is within the -
aocepiable slope valus and the coefficient of determination is within the range of acceptable cosfficients
of £t determination,

i1i.  The flow cyiometry sysiem of any one of exampie combinations 104-1190, wherein the
optimized sample ditotion factor range i3 defined between an upper optimized dilution facior bound and 3
fower optimized dilution factor bound, wherain the upper optiraized dilution fagtor bound corresponds to
a dilution value of the trendline corresponding to a lower performance concentration bound and the lower
optimized difution factor bound corresponds to & dilition value of the trendline corresponding o an
upper performancs concentration bound.

112, The flow cytometry system of any one of example cornbinations $4-111, whereln the
screening assay module is further operative fo present a verification prompt on the display of the
graphical user interface that prompts to the user to confirm the dilution quality parameters of the i

£13.  The flow cytomeiry system of any one of example combinations 94-112, wherein said
determining the optisized sample dilution factor range comprises removing the flow cytometry resuits
corresponding to either one of or both of a maximum dilution factor or 3 mintmum dilution factor from a
first plurality portion of the screening target fhud samples of the first screening selection that does not
provide said acoeptable quality difition parameters of a corresponding sald £t for said first plurality

portion.
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ti4,  The flow cytometry system of example combination 113, wherein the graphical user
interface comprises a removal fnput corresponding 1o the flow cytometry resulf for the maximom dilution
facior or the minimum dilution factor.

115, The flow cytometry system of any ong of exarnpie combinations 89 and example

(3]

combinations 95-114, wherein the screening asssy mwdule is further operative to:
provide an indication of a corrected quantitication indicalion notification i & said guantification
of particles of the target Huid sample of the first screening selection s not greater than a said
corresponding quantification of particles of the sereening control set of the second sorsening sslsction.
i16.  The flow cytometry sysiem of any one of exampie combinations 84-115, wherein the
1 screening assay module is further operative o
provide an indication of a difution factor notification if the optinized sample dilution fctor
range s putside of an absohuie aceeptable difution factor of the flow cytomater.
117, The flow cytometry system of any one of example combinations 84-116, wherein the
indication of the optimized sample dilution factor range comprises highlighting an upper bound and a
15 iower bound of the optimized sample dilution factor range on the display of the graphical user interface.
118, The flow cytometry system of any one of example combinations 84-117, wherein the
indication of the optimized sample dilution factor range comprises at least one optimized dilution value
comprising a rounded dilution value within the optimized sample dilution factor range,
119 The flow cytometry system of any one of example cornbinations 84-118§, wherein the
20 screening assay module is further operative {o generate dilution instructions 1o prepare the optimized
target set of the phirality of optimized target fluid samples within the optimized sample dilution factor
range and present the dilution nstructions to the user on the display of the grapbical user interface.
128, The flow cyiomeiry system of any one of example combinations 84-119, whersin the
titer assay module is further operative to confirm that the fow cytometry results of the plurality of
25 samples of the first titer selection comprises an aoceptable ditutinn facter.
121, The flow cyiomelry system of example combination 120, wherein the acceptable dilution
factor is within the optimized sample dilution factor range.
22, The flow cytometry system of any one of example combinations 84-121, wherein the
titer assay module s further operative o
30 provide an indication of a ther dilution notification on the display of the graphical user interface
when any one of the flow oyviometry resolis of the phurality of samples of the first titer selection do not
comprise a said acceptable dilution factor,
123, The flow cytowmetry system of any one of example combinations 84-112, wherein the

aoceptable guality parameters are definable by the user,

Lok
(97

124, The flow cytometry system of example combination 123, wherein the graphical user
interface includes an acceptable guality parameter Inpagt for use in defining the acceptable quatity

parameters by the user.

“53e
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125, The flow oytometry systern of any one of exarnple combinations 84 and 95-124, wherein
the screening control sef comprises a plurality of soreening blank control fluid samples corresponding to
ihe plurality of dilution factors of the scresping target fuid samples.

126.  The flow cytometry systam of example combination 125, wherein the plurality of

5 screening blank control fluid samples comprise biank matriy in the absence of the target particles with

particular particle aftributes of the screening sample fhuid stock

127, The flow cytometry system of any one of exmﬁple combinations 84 and 95-124, whersin
the dilution series of the plurality of soreening target fluid samples are diluted using a scresning buffer
solution, and wherein the at least one screening blank control fluld sample comprises the screening butfer

14 solution in the absence of the target particles with particular particle attributes of the screening sample
fluid stock.

128, The flow cyiomeiry system of any one of exarople combinations 84-127, whereln the
target sample fluld sieok comprises the sereening sample fluid stock.
128, The flow cylometry system of any one of example combinations 84-127, wherein the

IS screening sampie fhild stock is an equivalent approximation of the target sample Suid stock.

130, The flow cvtometry system of any one of example combinations 84-127, whersin the
target sample sereening set comprises a serial ten-fold dilution series of the screening sample fluid stockc

131, The flow cytomeiry syster of any one of example combinations 84-13¢, wherein the
particle titer result is at least in part based on a said dilution factor of the optimized target set.

20 132, The flow cytometry system of any one of example combinations 84-131, whersin the
titer assay module is operative to mutomatically reirieve & said dibstion factor of the optiraized target set
to determine the particle titer results,

133, The flow cyviometry system of any one of example combinations 84-132, wherein the
particle titer results Include a caloulated concentration of the target particles in the target sample flaid

25 steck

134, The flow cytometry system of any one of example combinations §4-133, wherein the
target particles are particles of biological material.

133, The flow cylomelry system of any one of example combinations 1-134 wherein the
target particles have a particle size of smaller than 2 microns, preferably smaller than 1 micron, more

30 preferably smaller than 600 nanometers and even more preferably smaller than 360 nanormetars,

136,  The flow cytometry sysiem of example combination 135, wherein the particle size is at
fcast 10 nanometers, preferably at least 20 nanometors, and even more preferably at least 30 nanometers.
137, The flow cytometry systern of any one of sxample combinations 84-136, wherein:
each said soreening target fluid sample, screening blank control fluid sample, optirnized target
38 fluid sample and optimized blank control fluid sample is fluorescently stained to provide a at least one

fuorescent label on the target particies; and
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the flow cylometer is operable to detect the response radiation from the investigation zone for
fluorescent eniission response from & said fluorescent label on the targst particles.

138, The flow cytometry system of example combination 137, wheretn the flow cytometer is
aperable to detect only for fluorescent emission response from the investigation zone and not {0 defecting
for light scatter,

139, The flow cytometry systam of either one of examnple combination 137 or 138, wherein
the at least one fluorescent label comprises a non-specitic nucleie acid abel provided by 2 fluorogenic
dve.

140, The flow cytometry systent of any one of exampls combinations 137139, whersin the at
jenst one Auorescent label comprises a non-specifie protein label provided by a second fluorogenic dye.

{41, The flow cyiometry system of any one of exaraple combinations 137-140, wherein the at
teast one Huorescent label comprises an antibody stain specific for binding to an epitope of the target
particles.

142, The flow cytometry system of any one of example combinations 137-148, wherain the
target particles comprise fluorescently-labeled virtons.

143, The flow gyvtometry system of any one of example combinations 137-141, whersin the
target particles comprise fluorescently-labelad virus-like particles.

144, The flow cytometry svstem of any one of example combinations 137-141, wherain the
target partisles comprise fluorescently-labeled exosomes.

£45.  The flow oytometry system of any one of example combinations 137-141, whergin the
target particles comprise microvesicles,

146, The flow cytometry systent of any one of example combinations 1371485, wherein the at
{east one fhuorescent fabel includes a plurality of fuorescend labsls and the flow oytometer s operable o
detect for o separate fluorescent emission response from cach of the said plurality of fluorescent labels,

147, The flow cytometry system of example combination 146, wherein the flow cytomster (s
operable to identify coincidental fluorescent ernission responses from at feast two said fluorescent labels
indicative of passage through the investigation zone of & said target particle including the at least two
said fluorescent labels and to determine the particle titer resubis based af least in part on identified said
coincidental fluorescent emission responses.

148, The flow cytometry system of sxample combination 147, wherein the flow cytometar is
operable to court as a target particle an occurrence of an identified said coincidental fluorescent emission
responie,

149,  The flow cytometry system of any one of example combinations £37-148, wherein the
excitation radiation is provided from 2 single excitation radiation source of the flow cyiometer.

150, The flow cytometry system of any ons of example combinations 137-148, wherein the
excitation radiation is provided from a plusshity of different excitation radiation sources of the flow

cytometer cach providing radiation to the fnvestigation zone In a different radiation wavelength range.
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151, The flow cytometry system of either one of example combination 149 or 150, wherein
sach said exciiation radiation source is a Hght source, and optionslly comprising 2 laser or light-emitiing
dlode {LED),

152, The flow oytometry systemn of any one of example combinations 84-151, wherein the
flow cytometer is operable to flow the respective fluid sample through the jnvestigation zone at
controlied flow rate in & range of from 636 nanoliters per punute to 3000 nanoliters per minute, and
preferably from 600 nanoliters per mirade to 2000 nanoliters per mdnute, while subjecting the said
respective fluid sample to the investigation excitation radiation,

153, The flow cytometry system of any one of example combinations 84-151, configured to
perform the method of, or any feature of 2 method of, any one of example combinations 1-83.

154, Use of the flow cytometry system of any one of exarnple combinations 84-151 fo
perform the method of any one of example combinations 1-83,

135, Use of the flow cytometry system of any one of example combinations 84-151 to
determine a titer resulls for target particles in s target sample fhaid stock, optionally including a
calealated consentration of the targetl in the target sample fluid stoek.

The description of a festure or features in a particular combination do not exclude the
inclusion of an additional feature or features in 3 variation of the particular combination.
Processing steps and sequencing are for illustration only, and such illustrations do not exclude
inclusion of other steps or other sequencing of steps to an extent not necessarily incompatible,
Additional steps may be included betweesn any tlustrated processing steps of betore or afler any
iustrated processing step to an extent not neceasarily incompatible.

The terms “comprising”, “containing”, “including” and “baving”, and grammatical
variations of those {erms, are intended o be inclusive and nonlimiting in that the use ot such
terms indicates the presence of a stated condition or feature, but not to the exclusion of the

- 66

presence also of any other condition or feature. The use of the terms “comprising”,
“eontaining”, “irgaiudmg” and “having”, and grammatical variations of those terms in referring
tn the presence of one or more components, subcomponents or materials, also fnchude and 15
intended to disclose the more speeific embodiments in which the term “comprising”,
“containing”, “including” or “having” {or the variation of such term) as the case may be, is
replaced by any of the narrower torms “consisting essentially of” or “consisting of” or
“consisting of only” {or any appropriate grammatics! variation of such narrower terms). For
example, a statement that something “comprises” a stated clement or elements is also intended

¢

to include and disclose the more specific narrower embodirents of the thing “consisting
essentialiy of” the stated element or elements, and the thing “consisting of” the stated element or

elements. Examples of various features have been provided for purposes of ilustration, and the

S
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terms “example”, “for example” and the Hke indicate iliustrative examples that are not limiling
and are not to be construed or nterpreted as Hmiting a feature or features 0 any particular
example. The term “at least” followed by a number (o.g., “at least one”) means that number or
more than that number. As used herein, a range for a feature refers to one or more values for
that feature within an upper Hmit and lower Hmit, inclusive of the ypper and lower limits, and
includes situations in which the upper limit and the lower Himit are the same, that s when the

range inchudes a single value represented by the equal upper and fower il
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What is claimed is:

i, A flow cytometry method for guantification of target particles with particular particle
atiributes in a target sample fhuld stock using a flow cytometer operable to flow a fuid sample through 2
flow cytometry investigation zone subjected to investigation excitation radiation and to detect and
measure response radiation from the Investigation zone and to defermine and output a flow cytomeiry
result including 2 quantification indication for target particles in cach said fluid saraple, the method
soraprising:

subjecting to first flow cytometry evaluation a screening target set of scresning target fluid
samples cornprising a dilution series of screening sarople fhild stock diluted at a plurality of dilution
factors, whersin the subiecting o first flow cytometry svaluation comprises:

flowing each said soreening farget fluid sample through the Investigation 2one of
the flow eytometer and in the investigation zone subjecting sach saild screening target
fluid sample to the nvestigation excitation radiafion,

detecting the response radiation from the investigation 2one and generating for
each said soreening target fhuid sample a flow cytomelry result including a said
quantification indication for the target particles for the sereening target fuid sample, and

storing the flow ovtometry results for the screening target set in compuster
memory, the memory having stored therein a screening assay moduie accessible and
executabie by a processor and a tier assay module accessible and execuiable by the
DrOCESSOT;

executing the screening assay module by the processor, wherein said executing the screening

assay module comprises:

calculating a corrected quandification indication for each of at least & plurality
portion of the screening target fluid samples, comprising comparison of first selected
flow cvtometry results of the sereening target set from the memory with corresponding
second selected fow cyiometry results of a soreening control set selected from the
mernory, the screening control set including at lenst one screening blank control Huid
sample corresponding 1o the screening target sef and based at least in part on the
comparison adjusting the quantification indications for the first selected flow cytometry
results to the corracied guantification indications, and

determining, based on analysis of the corrected quantification indications, an
optimized sample dilution factor range for the soreening stock fluid sample and saving
ihe optimized sample diltion factor range in the memory,;

subjecting to second flow cytometry evaluation an optimdzed target set of optimized target Huid
samples each comprising the target sarnple fuid stock diluted to a0 optimized sample dilution factor
within the optimized sample dilution factor range, whereln the subjecting to second How cytometty
evaluation comprises:

S
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flowing each said optimized target fluid sarmple through the investigation zone
of the flow cytometer and in the investigation zone subjecting each said optimized target
fluid sample to the investigation excitation radiation,
detecting the response radiation from the lnvestigation zone and generating for
5 each said oplimized target fluid sample a said flow oyvtometry resull including a said
quantification indication for the target particles for the optimized target fluid sample, and
storing the flow cytometry results for the optimized target set in the memory;
executing the titer assay module with the processor, wherein sald exscuting the titer assay
module comprises: |
i} ' acoessing the flow cytometry results for the optimized target set in the memory,
and
caloulnting, using the flow cytometry results for the optimized target set, particle
titer resulis for the target sample fluid stock, optionally including a caloulated
concentration of the targe! particles in the target sampie fluid stock: and
15 sioring the particle titer results for the targe? sample fluid stock in the memory.
2. The method of claim 1, further comprising:
displaying on a display of 3 graphical user inferface a results listing corresponding to the flow
cytormetry resulls stored in the memory, optionally the graphical user interface having a user input
device: and
24 raceiving a first titer selection from the user by the user input device of the graphical user
interface, the first titer selection comprising the flow cytometry results for the optimized target fluid
samples that is selected by the user from the results Histing,
3. The method of efther one of ¢laim 1 or claim 2, further compnising:
subjecting to third flow eytometry evaluation the screening control set comprising the at least one

screening blank contrel Huid sample, the subjecting to third flow cytometry evabuation comprising:

2
A

flowing each sald screening blank control fluld sample through the flow cyiormeter
investigation zone and in the investigation zone subjecting each said sereening blank control
fluid sample to the investigation excitation radiation,

detecting the response radiation from the investigation zone and generating for each sald

3 screening blank control fluid sample a said flow cytometry result including a sald quantification
indication for the target particles for the screening blank control fluid sample;
receiving a second soreening selection from a user by a user input device of a graphical user
interface, the seoond screoning selection comprising the flow oytoraetry results for the at least one

screening blank control fluid sample from a resulis listing displayed on the graphical user interface; and

e
(941

sccessing the memory {6 retrieve the second selected flow cytometry results for the at least one
screening blank control Auid sample based on the second screening section that is selected by the ser

from the resuits listing.
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4. The method of any one of claims -3, wherein the executing the titer sssay module
further comprises:

calculating the particle titer results for the target saraple floid stock using the flow cyiomeiry
results for the optimized targel set and an optimized control set comprising at least one optimized blank
contrel fluid sample corresponding to the optimized target set.

s The method of claim 4, wherein the executing the tier assay module further comprises:

determining 2 sample qualification Hmit (SQLY for the flow cytometry results for the optimized
target set based on the flow oylometry results for the optimized condrol set; and

providing on a grapbical user interface an indication of an SQL notification i the How cytometry
resuit for any one of the optimized target set doss not sxcesd the SGL.

8. The method of claim 4, further comprising:

subjecting to fourth flow cvtometry evaluation the optimized control set corprising the af least
one optimized blank conirol fluid sample, the subjecting fo fourth flow cytometry evaluation comprising:

flowing each sald optimized blank control Huid sample through the Investigation zone
and in the investigation zone subjecting each sald optimized blank control finid sample to the
investigation excitation radiation, and
detecting the response radiation from the investigation zone and generating for each said

optimized blank control fluld sample 2 sald How cytometry result including a said quantification

indication of the targef particles for the optimized blank condrol fluid sample.

7. The method of any one of claims 1-6, wherein the executing the screening assaj maodile
further comprises:

first determining whether or not there is a first condition in which there is a sald flow cytometry
result for a said soreening blank control fluid sample corresponding to sach said screening target fluid
sample of the plurality portion of the screening target fluid saroples; and

providing a vorrespondence notification, optionally on a graphical user interface, when itis
determined that there s not such a first condition during the first determining.

8. The raethod of any one of ¢laims §-7, whereln the exscuting the screening assay module
further comprises:

second determining whether or not there is a second condition that each said quantification
indication of the second selected flow cytometry resulis of the screening control set is greater than a
corresponding sald quantification indication of the first selected flow cytometry results of the screeping
sordrel set; and

providing an indication of a guantification correction notification, optionally on a graphical user
interface, when i is determined that there is not such & second condition during the second confirming.

9. The method of any one of claims {8, wherein in the exccuting the sereening assay

module the determining an optimized sample dilution factor further comprises:

~H{1~
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caleulating a fit of the corvected guantification indications relative to multiple dilution factors,
wherein the plurality portion of the screening target fluid samples of the first selected How cytomstry
resulis represent the multiple dilution factors,

14 The method of claim 9, wherein the executing the screening assay module firther
comiprises:

comparing the fii relative to one or more dilotion quality parameters, wherein the optimized
sample dilution factor range is determined after the it conforms o acceptable dilution quality
parameters; and

providing an indication of & fit notification if the £t for a sald plurality portion of the screening
target flind samples does not conform 1o accepiable dilution gualily parameters.

i, The method of claim 14, wherein the caloulating the §it comprises determining a linsar
regrassion §1t relative to log conversions of the corrscied guantificstion indications and the multiple
dibuiion factors; and.

the one ot more dilution quality parameters comprise a quantitative characterization of the linear
regression it

£2, The method of any one of claims 9-11, wherain the calculating the 8t further comprises:

removing from determination of the fit at ieast one said sereening target fluid sample at &
maximum said dilution factor or & minimum said dilution factor of the plurality of dilution factors,
wherein the fit is determined excluding any said corrected quantification indication for each said
rernoved screening target fhiid sample, and optionally the removing is in response to a user input,

13 The method of any one of clabms 9-12, wherein

the sptimized sample ditlution factor range Is defined between an upper optimized dilution factor
bound and the fower optimized dilution factor bound, whersin the upper optimized dilution factor bound
corresponds to a dilution value on the fit corresponding to a lower optimized performance concentration
bound in the lower optimized dilution factor bound corresponds to a dilution value on the fit
corresponding o an upper optimized performance concentration bound.

14, The method of claim £3, whereln the lower optimized performance concentration bound
{5 at least 10°% particles pee milliliter, optionally preferably at least 10°7 particles per milliliter, optionally
more preforably at least 10° particles per milliliter and optionally even more preferably at least about
107 particles per milliliter;

the upper optimized coneentration bound is no larger than 10° particles per milliliter, optionally
oreforably no larger than 1077 particles per milliliter, eptionally more preferably no larger than 17
particles per millilier and optionally even more preferably no larger thas abow 177 panticles per
mitiiliter;

the fower opiimized perforrmance conceniration bound in the upper oplimized performance
concentration bound defining optimized performance sub- range Is within a dynamic range for the flow

cyicraster for particle concentration determination; and

Gla
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the upper eptimized concentration bound is no more than 10 times the lower optimized
concentration bound, optionally preforably no more than 10% times the lower optimized conceniration
bound and optionally more preferably no more than 16°° times the lower optimized concentration bound.

15. The method of either one of claim 13 or clatm 14, wherein the executing the screening
assay module further comprises:

providing an indication of the optimized sample dilution factor range o a user, and optionally as
a visual indication on a graphical user interface.

i6. The method of any one of claims 1-15, wherelm

the executing the titer assay module further comprises calculating one or more tier parameters
regarding the particle titer resulty;

the one or more titer parameters comprise a standard deviation of nuultiple said concenirations
corresponding to muliiple said optinized target fluid samples;

the one or more titer parameters comprise a cosfiicient of variation of multple said
concentrations corresponding to multiple said optimized target fluid samples; and

the exevuting the titer assay rmodule further coraprises providing an indication on a graphical
user interface of a titer notification if a said titer parameter is determined to be cutside a corresponding
acceptable titer parameter valus range.

i7. The method of any one of claims 1-18, wherein the acreening control set comprises a
plurality of said screening blank control fhuid samples, with at least one said screening blank control fhaid
sarnple corresponding to each said dilition factor of the plurality of dilution faciors of the screening
target fluid samples, and with only one said sereening blank control fluid sample corresponding to each
said ditution factor of the plurality of dilution factors sample corresponding to each said ditution factor of
the phrality of dilution factors of the screening target fluid samples,

i8. The method of any one of clalms 1-17, whersing

the optimized target set includes at feast 3 of sald optimized target fluid sample at a single said
optirized dilution factor within the optimized sample dilution factor range and the screening targel set
inciudes only one said soreening target fluid sample af each said dilution factor of the plurality of dilution
factors;

the target particles have a particle size In & range of from 20 nanometers to 600 nanometers;

sach said screening larget fluid sarople, screening blank control fluld sample, optindzed rarget
fluid sample and optimized blank control fluid sample is fuorescently stained fo provide a2 at least one
fluorescent label on the target particles;

cach said flow cyiometry evaluation comprises detecting the responss radiation from the
investigation zone for fluorescent emission response from a sald fuorescent Jabel on the target particles;

and
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cach said flow cytometry evaluation comprises flowing the respective fluid sample through the
investigation zone at a flow rate in a range of from 60 nanoliters per minute to 3000 nancliters per
mingte while subjecting the said respective fluid sarople to the investigation excitation radiation.

19. A flow cytometry system for quantification of particies in a target sample fluid stock, the
flow oytomstry system comprising:

a flow cytomeler operable to flow a fhiid sample through a flow cytometry investigation zone
subjested to investigation excitation radiation and to detect and measure response radiation from the
investigation zone and to defermine and outpuwt a flow cytometry result including a quantification
indication of targel particies with particular particle atiribuites in each sald fluid sample;

a memory o receive and store the flow cytometry results and including a said flow cytometry
result for each of & screening farget set of a plurality of screening target fluid samples, each said
sereening targed fluid saraple comprising a soreening sample fhuid sioek for flow cytometry evaluation for
the target particles and the plurality of screening target flnid samples comprising a dilution sevies of the
screening sarnple fuid stock diluted at a phurality of dihution factors;

a graphical user interface comprising a display to present to 3 user 3 results listing corresponding
to the How cytomedry resulls siored in the memory and a user input deviee to receive from a user a
selection of the flow cytometry results from the resulis lsting;

a screening assay module execuiable by a4 processor to configure the processor to:

actess the memory o refrieve the Hlow cyviometry results for the soreening target
set based on a first scresning selection that is selected by the user fror the vesulis listing,

calculate corrected guantification indications of the target particles for at least &
plurality portion of the screening targst fhuid samples of the fivst screening selection
representing muldtiple dilution factors,

catculate a it of the corrected quantification indications relative to the muliiple
dilution factors,

determine an optimized sample dilution factor range for flow cytormetry
investigation of the screening sample fluid stock using the flow eylometer instrument
based on an anabysis of the fit of the corrected quantification indications, and

present an indication of the optimized sample dilution factor range on the dispiay
of the graphical user interface;

wherein the memory is further operative to receive and store a said flow cytomeiry result for
sach of an optimized target set of a plurality of optimized target fluid samples each comprising target
sampie fuid stock for flow cytometry evaluation for the target particles with the particular particle
attributes, whersin the plurality of optimized target fluid samplas of the optimized target set comprise a
ditution factor of the target sample fluid stock diluted to within the optimized sample dilution factoer
range; and

a titer assay module executables by a processor to configure the processor 102
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access the memory (o retrieve the fow cytometry results for the optimized target
set based on a first titer selection that is selecied by the user from the results listing, and

determine particle titer results for the target sample fluid stock based on the tlow
cytometry results of the optimized target set of the first titer selection and present the
particle titer results on the display of the graphical user interface.

28, A flow evtometry eystem for quantification of particles in s target sample thnd stock, the
flow cytometry system comprising:

a flow cytometer operable io flow a fuid sample through a flow cytometry investigation zons
subjected to investigation sxcitation radiation and to detect and measure response radiation from the
investigation zone and to determine and output & ﬂovk cytometry result including a quantification
indication of target particles with particular particie attributes in the fluid samples;

a memory to receive and store the fow oyicmetry results and including a said flow cyiometry
result for each of a screening target set of a plurality of screening target fluid samples and for each ofa
screening control set with at least one screening blank control fuld sample corresponding to the
screening target set, each said sereening target fhuld sample comprising a screening sample thiid stock for
flow cytometry evaluation for the farget particles and the plurality of screening target fluid samples
comprising a dilution serfes of the screening sample fuid stock diluted at a plurality of dilution factors;

a graphical user interface comprising a display 1o pregent o & user a results listing corresponding
to the flow cytomeiry resulls stored in the mesnory and a user input device to receive fronia user 3
selection of the flow cytometry results from the results lsting;

a screening assay module excoutable by a processor to configure the processor (o

access the memory {6 retrisve the flow cytometry results for the screening target
set based on & frst sereening selection that is selectéd by the user from the resolis Hisuing
and to retrigve the flow oytometry results for the scresning control set based on 3 second
soreening selection that is selected by the user from the results fisting,

confirm that the second screening selection comprises a said flow cytomelry
result for a said soreening blank control fiuid sample corresponding to esch of the
phurality of screening target fluid samples of the first sereening selection and whether or
net the quantification indication of the target particles of each said screening target fluid
sample of the first sorsening selection is greater than a corresponding said quantification
indication of the target particles of the screening conirol set of the second screening
selection,

caloulate corrected quantification indications of the target particles for at least a
plurality portion of the screening target fluid samples of the first screening selection
representing multiple ditution factors that are confirmed to have a said quaniification

indication of the target particles greater than the corresponding said quantification
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indication of the target particies of the sereening control set of the second screening
selection,
caloulate 3 £it of the corrested quaniification indications relative to the multiple
dilution factors,
comnpare the fit relative ic one or more acceptable dilution quality parameters,
deterniine an optimized semple ditution factor rangs for flow cylomeiry
investigation of the screening sample fluid stock using the flow cytoreeter instrumsnt
based on an identified said plurality portion of the screening target fluid samples of the
first screening selection having accsptable dilution quality parameters, and
present an indication of the optimized sample dijution factor range on the display
of the graphical user interface;
wherein the memory is further operative to receive and store 3 said flow oytometry result for
each of an optimized target sot of 3 plurality of optimized target Huid samples sach comprising target
sampie fhuid stock for flow cytometry evaluation for the target particles with the particular particle
attributes and a said flow oviomeiny resull for an optimized control set with at least one optimized blank
control fluid saraple corresponding to the optimized target set, wherein the plurality of optimized target
fluid samples of the optimized target set comprise 3 difution factor of the fiter sample floid stock dilited
to within the oplimized sample dilution factor range; and
a titer assay module executable by s procassor to configure the processor tu
aocess the memory to retrisve the flow cytomelry resulbts for the optimized target
sel based on a first titer selection that is selected by the vser from the results Hsting and
to retrieve the flow cytometry results for the optimized control set based on 4 second titer
selection that is selected by the user fron the results Hsting, and
deterraine particle titer results for the target sample fluid stock based on the flow
cytometry results for the optimized target set of the first titer selection and the optimized
control set of the second titer selection and present the particle tier results on the display
of the graphical user interface. .
21 The flow cytometry svsters of claim 20, wherein the titer assay module is further
operative o
caloulate one or more titer parameters regarding the particle titer resulis,
present the one or more tier parameters on the display of the grapbical user interface;
provide an indication of a titer notification if the one or more tifer parameters are owtside &
corresponding accepiable titer parameter.
22. The flow cytometry system of either ong of claim 20 or claim 21, wherein the tier assay

moduls is further operative to:
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determine a sample qualification Hmit (SQL} for the Sow oytometry resubts for the
optimized target sst of the first titer selection based on the flow cytometry resulis for a said the
optitnized confrol set of a said second titer selection; and
provide an indication of an SQL notification if the How cytometry result for any one of

the said optimized target set doss not exceed the SQL.

23, The flow cytometry system of any ong of claims 20-22, wherein the soresning assay
maoduie s further operative to)

provide an indication of a fit notification if the it for a said plurality portion of the screening
target fluid samples of the firet soreening selection does not provide a said £t having dilution quality
parameters conforming to sald acceptable dilution quality parameters,

24, The flow cytometry system of claim 23, wherein;

the fit comprises a linear regression fit caloulated relative to log conversions of the set of the
correcied quantification indisations and the multiple difution factors;

the one or more dilution quality parameters comprise & quantitative charactarization of the linear
regresston fit;

the linear regression fit is represented as a trendline relative to the log conversions of the
corrected quantification indications and the mudtiple dilution factors, and wherein the difution quality
parameters comprise a slope and 2 ceefficient of determination of the trendline; and

ihe optimized sample dilution factor range is defined between an upper eptimized ditution factor
bound and a lower optimized dilution factor bound, wherein the upper optimized dilution factor bound
corresponds to a dilution value of the trendline corresponding to a lower performance concentration
bourd and the lower optimized ditution factor bound corresponds to 3 dilution value of the rendiine
corresponding to an upper performance conceniration bound.

25, The flow cytometry system of any one of claims 20-24, wherein the titer assay module is
further operative to;

confirm that the flow oytometry results of the plurality of samples of the first titer selection
comprises an acceptable dilution factor within the optimized sample dilution factor range: and

provide an indication of a titer dilution notification on the display of the graphical user inderface
when any one of the flow cytometry results of the plurality of samples of the first itter selection do not

comprise a sald acceptable dilution factor.

56~
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