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METHODS, BEVICES, AND SYSTEMS FOR SAMPLE ANALYSIS

BACKGROUND

(86611 Rapid and accurate detection and identification of analytes and pathogens in
biological samples is uscful in the diagnosis of diseases and disorders in subjects. However,
such analysis may be a multi-step process, and it may be advantageous, or may be required,
that different assays be performed in sequence. Assay devices and systems may be configured
for one, but not all, of the assays required for a complete analysis.

[68602] Accordingly, improved methods, devices, and systems for analysis of

biological samples are requited.

INCORPORATION BY REFERENCE

[6803] All publications, patents, and patent applications meuntioned in this
specification are herein incorporated by reference to the same extent as if cach individual
publication, patent, or patent application was specifically and individually indicated to be
incorporated by reference.

SUMMARY

[6904] Methods, devices, and systems for the analysis of biological samples are
provided which may be configured to perform multiple assays on a sample or samples,
comprising an ionitial assay or roultiple frutial assays, and forther comprising a subsequent
assay or subscquent assays, the performance of, and/or order of performance of, such
subsequent assay or assays being contingent on the results of such initial assay(s). Thus, a
subsequent assay or such subsequent assays may be performed in a contingent manner,
wherein the performance of a subsequent assay depends on the results of one or more prior
assay. In embodiments, whether or not a subsequent assay s performed at all may be
contingent on the results of a prior assay. In embodiments, the order of performance of
subsequent assays, or of steps in a subsequent assay, may be contingent on the results of a
prior assay. In embodiments, the choice of a subsequent assay, from among a plurality of
possible subsequent assays, may be contingent on the results of a prior assay. In
embodiments, the method of performing a subseqguent assay may be contingent on the results
of a prior assay. In embodiments, the timiog of the performance of a subsequent assay roay be
contingent on the results of a prior assay. In embodiments, the choice of a reagent used in a
subsequent assay may be contingent on the results of a prior assay. In embodirents, the
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choice of a method of detection used in a subscquent assay may be contingent on the results
of a prior assay. In erobodivoents, the choice of whether or not to use a second biological
sample in a subsequent assay may be contingent on the results of a prior assay in which a first
biological sample was assayed. In embodiments, the choice of whether or not to obtain a
second biological sample may be contingent on the results of a prior assay of a first biological
sample. In embodiments, the choice of whether or not to obtain a second biological sample
for use in a subsequent assay may be contingent on the results of a prior assay of a first
biological sample,

[6805] In embodiments, analysis of a biological sample may comprise assaying the
sarnple, or a portion of the sample, for the presence of an analyte. An analyte is the subject of
an analysis. An analyte may be a natural constituent of a biological sample, or may be an
element, compound, material, or cell not normally found in a biclogical sample that may be
the subject of analysis. An analyte may coraprise a chemical compound, ¢.g., a small
molecule, a protein, a nucleic acid, or other compound, present in the sample. An analyte may
comprise a physical or chemical characteristic of a sample, or of & portion of the sample. An
analyte may comprise a marker or physical or chemical characteristicofa cellor virus in a
sample, or in a portion of the sample. An analyte roay comprise a cell or virus, or portion
thereof, in a sample, or in a portion of the sample.

[3006] Accordingly, methods, devices, and systeras are disclosed herein. In

embodiments, a method of testing a biological sample comprises:

performing an initial assay for the presence of an analyte in said biological sample,
whercby an inttial result is obtained, wherein said initial assay may provide a negative result
indicating that the presence of said analyte is not detected in the biological sample, or may
provide a positive result indicating that the presence of the analyte 1s detected in the
biological sample; and

determining further testing of said biological sample contingent on said initial result,
wherein if the initial rosult is negative, then no further assay is performed on said biological
sample; and wherein if the initial result is positive, then a further assay is performed on said
biological sample.

18607 In erobodiroents, a method of testing a biological sample comprises:
performatng an nitial assay 1o a device for an analyvie in said biological sample,

whereby an initial result is obtained, wherein said initial assay may provide a negative result
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indicating that the presence of said analyte is not detected, or 1s detected at a normal level, in
the biological saraple, or may provide a positive result indicating that the presence of the

analyte is detected, or is detected at an abnormal level, in the biological sample; and

determining further testing of said biological sample contingent on said itial result,
wherein if the initial result is negative, then no further assay is performed on said biological
sample; and wherein if the initial result is positive, then a further assay is performed in said
device on said biological saraple.

[8008] in embodiments, such further assay may be a type of assay sclected from the
group consisting of antibody-based assays, nucleic acid assays, general chenusiry assays, and
cytometric assays. In embodiments, the further assay may comprise an assay of a different
type than the nitial assay type. In embodiments, such further assays may comprise assays
that are more sensitive for the detection of said analyte than said initial assay. In
embodiments, the analyte to be detected by such further assays may comprise a different
analyte than the analyte to be detected by said initial assay.

(80097 in embodiments, such an initial assay may comprise the use of a detector to
obtan said initial result, wherein said detector s selected from an optical detector, a pH
detector, an electrochemical detector, a temperature sensor, an ion-sensitive clectrode, a
radiation detector, and other detectors. In embodiments, such a further assay may comprise
the usc of a detector to obtain a further result, wherein said detector is selected from an
optical detector, a pH detector, an electrochemical detector, a temperature sensor, an ion-

sensitive electrode, a radiation detector, and other detectors.

[6018] Methods disclosed herein comprise protocols for performance of a sequence of
assays. In erabodiments, protocols may mclude contingent assays, whose performance is
dependent on the results of prior assays, wherein a result of a first assay, if it meets a
criterion, triggers, alters, or prevents the performance of a subsequent assay. In embodiments,
such a subsequent assay may not be performed in the absence of prior results which meet the
criterion. In embodiments, the performance of a subsequent assay may be contingent on two,
or three, or more criteria. Protocols include contingent sequences of assays, where the
performance of a subsequent assay is determined by the outcome of an assay performed prior
to the performance of the subsequent assay. In embodiments, a protocol including one or
more contingent sequences of assays may be requested at the time the assays are ordered. In
embaodiments, a protocol ncluding one or more contingent sequences of assays roay be

determined at the time the assays are ordered. In embodiments, a protoco! including one or
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more contingent sequences of assays may be requested at the time the assays are ordered, and
the particalars of the sequence, and of the contingent steps, may be deternmuned at a time afier

the time the assays are ordered.

(6811} In embodiments, a protocol including one or more assays, whose performance
or sequence of performance is contingent on the result of an inttial assay, may include
instructions, or a protocol, for the acquisition of a biclogical sample. In embodiments, such a
protocol may direct or require that a biological sample of sufficient volume or amount be
acquired in order to provide sufficient biological sample for the performance of a contingent
assay, if the contingent assay is needed. In cmbodiments, such a protocol may direct or
require that a biological sample be divided into aliquots for the performance of a contingent
assay, if the contingent assay is needed. In embodiments, such 4 protocol may direct or
require that a biclogical sample be diluted, 1n order to provide sufficient biological sample for
the performance of a contingent assay, if the contingent assay is needed. In embodiments,
such a protocol may direct or require that a biological sample, or portion or dilution thereof,

be retained for use in the performance of a contingent assay, if the contingent assay is needed.

{06127 Optionally, it should be understood that erabodiments herein do not exclude
protocols wherein if a contingent assay is indicated on the test order or other instruction, the
contingent assay is autornatically run, regardless of the results from any initial assay. Such
contingent assay(s) may be nun concurrently with or even before results are avatlable from
any initial assay(s). Although such alternative protocols roay result in additional usage of
reagent(s), dilueni{s), and/ or other materials, the workflow of parallel, concurrent, or
continuous processing may be beneficial in some situations, such as but not limited excess
systern availability while processing the initial assays or waiting for initial assays to

complete.

[6013] in embodiments, an initial assay may comprise a less sensitive assay, and a
subsequent assay may comprise a more sensitive assay; in embodiments, performance of a
subsequent assay may be contingent on the results of the initial assay. For example, an initial
assay may comprise a nucleic acid assay performed under a first condition, and a subsequent
assay may comprise a nucleic acid assay performed under a second condition, where the
second coundition comprises roore stringent nucleic acid assay conditious than the first
condition (¢.g., the second condition comprises a higher temperature than the first condition,
or the sccond condition compriscs a lower ionic strength than the first condition, or the

second condition comprises a denaturing agent (such as formamide) not present, or present at
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a lower concentration, in the first condition). In embodiments, an initial assay that comprises
a nucleic acid assay may be performed vnder moderately stringent conditions, and a
subsequent assay may comprise a nucleic acid assay performed under high stringent

conditions.

[6814] fn embodiments, an inttial assay may comprise a first type of assay, and a
subsequent assay, contingent on the results of the initial assay may comprise a second type of
assay; for example, an initial assay may comprise an antibody-based assay, and a subseqguent

assay may comprise a nucleic acid assay.

[6815] Accordingly, Applicant further discloses methods of testing a biological
sample in a device, comprising: performing an initial assay in said device for an analyte in
said biological sample, whereby an initial result is obtained, wherein said initial assay may
provide a negative result indicating that the presence of said analyte is not detected, or 13
detected at a normal level, in the biclogical sample, or may provide a positive result
indicating that the presence of the analyte is detected, or is detected at an abnormal level, in
the biological sample; performing further testing of said biological sample, wherein a further
assay is performed in said device on said biological sample regardless of the results of said
initial assay; and reporting the results of said further assay of said biclogical sample

contingent upon the results of said initial assay.

{6816} fn embodiments, the methods further comprising reporting the results of said
initial assay. In embodiments, the results of said further assay are not reported if said initial
assay provides a negative result, and wherein the results of said further assay are reported if
said initial assay provides a positive resuit. In embodiments, the results of said further assay
are not reported 1f said utial assay provides a positive result, and wherein the results of said

further assay are reported if said initial assay provides a negative result.

(6817 In embodiments, the further assay is an assay for the same analyte as said

iitial assay, and the further assay 18 a more sensitive assay than said mitial assay.

16618} In erobodirents, the biological sample upon which the further assay 1s
performed is obtained before the results of said initial assay arc obtained. In embodiments,
the initial assay and the further assay are performed on portions of the sarne biological
sample. In embodiments, at least one of said portions of said biological sample 15 a diluted
portion of the biological sample. In embodiments, the further assay cormprises an assay of a

type selected from the group of assay types consisting of antibody-based assays, nucleic acid
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assays, general chomistry assays, and cytometric assays. In embodiments, the further assay
comprises a different type of assay than the 1nitial assay. lo embodiments, the analyte to be
detected by said further assay comprises a different analyte than the analyte detected by said
inifial assay. In embodiments, the initial assay coroprises measurernent of an analyte, and said

further assay comprises a cytometric assay.

(6019 The methods, compositions, devices, and systems provide rapid tests, which
require only small biological samples, and thus provide advantages over other methods,
compositions, assays, devices, and systems. Devices and systems disclosed herein are
configured to perform such rapid assays which require only small amounts of sample, such as
only small amounts of sample, urine, sputum, tears, material obtained from a nasal swab,
throat swab, check swab, or other biological sarmaple. Accordingly, the methods, devices, and
systems provide rapid tests, which require only small biclogical samples, and thus provide
advantages over other methods, corapositions, assays, devices, and systems.

(6026} In embodiments, a biological sample may comprise a samiple selected from
blood, serum, plasma, a throat swab, a nasal swab, a nasopharyngeal wash, saliva, urine,
gastric fhuid, cercbrospinal fluid, tears, stool, mucus, sweat, earwax, oil, a glandular secretion,
semen, vaginal fluid, interstitial fluids derived from tumorous tissue, ocular fluids, breath,
hair, finger nails, skin, biopsy tissue, placental flwid, amniotic fluid, cord blood, lyraphatic
fluids, cavity fluids, sputum, pus, microbiota, meconium, breast milk, and other secretions or
excretions.

(8621} In ernbodiments, such an initial assay and such a further assay may be
pertormed on ditferent biological samples. In embodiments, the biological sample upon
which the further assay is performed may be obtained before the results of said initial assay
arc obtained. In embodiments, the biological sample upon which the further assay may be
performed is obtained after the resulis of said nitial assay are obtained.

(68422 Accordingly, Applicant discloses herein methods in which a further assay is
performed within a short amount of time frovn the time at which the biological saraple tested
by the further assay was accepted within the device. In embodiments, the initial assay and the
further assay are cach performed on at least 4 portion of the same bislogical sample; o such
embodiments, the further assay is performed within a short amount of time from the time at
which an nitial biological sample was accepted within the device.

[4023] In embodiments, a further assay is performed if an initial assay is performed.

In embodiments of methods disclosed herein, it the result of said mitial assay performed in a
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device 18 positive, then a further assay is performed on a biological sample in the same device
within a short amount of time from the tiroe of accepting a sarple within said device,
wherein said short amount of time is a time prior to the performance of the further assay. In
embodiments, the same sarple 18 used for the performance of both the initial assay and the
further assay, or portions of the same sample are used for the performance of both the initial
assay and the further assay. Such a short amount of tivae may be, for exarple, a short amount
of time consisting of about 3 hours or less; about 2 hours or less; about 1 hour or less; about
50 minutes or less; about 45 minutes or less; about 40 minutes or less; about 35 minutes or
less: about 30 minutes or less; about 25 minutes or less: about 20 minutes or less; about 15
minutes or less; about 10 minutes or less; about 5 minutes or less; about 4 minutes or less;
about 3 munutes or less; about 2 muinutes or less; and about I minute or less.

[6424] in embodiments, the biological sample upon which the further assay is
performed is obtained after the results of said indtial assay are obtained; in such embodiments,
the further assay s performed within a short amount of time from the time at which a further
biological sample was accepted within the device. Such a further binlogical sample may be
obtained following the time at which an initial biological sample is obtained. In
embodiments, a further biological sample 1s obtained frorn a subject during a single session in
which biological samples are obtained. In embodiments, a further biological sample is
obtained from a subject during a second, or subsequent, session following the session during
which the inttial biological sample was obtained. In embodiments, a second, or subsequent,
sessign may follow the session during which the nitial biological sample was obtained by a
tivae period of about 10 minutes or less; or about 20 minutes or less; or about 30 munutes or
less; or about 40 minutes or less; or about 50 minutes or less; or about one hour or less; or

about two hours or less; or about three hours or less; or other tivoe period.

18625} The assays and methods disclosed herein may be performed on a device, oron
a system, for processing a sample. The assays and methods disclosed herein can be readily
incorporated into and used in av automated assay device, and 1o an automated assay syster.
in embodiments, a device as disclosed herein may be suitable for detection, identification, or

rmeasurcment of an analyte in a biological sample.

[8626] In embodiments, a device for assaying a sample for the presence of analyte in
a sample may comprise: a fluid handling system for transporting at lcast a portion of a
biological samiple; and a detector effective to detect or measure an analyte. fo embodiments, a

detector may comprise one or more of an optical detector, a pH sensor, an electrochemical
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detector, a radiation detector, a temperature sensor, and other sensors. An optical detector
roay coraprise ovne or more of a carera, a photomultiplier, a photodiode, a
spectrophotometer, and other optical elements. In embodiments, a device for assaying a
sample for the preseunce of analyte in a sample may comprise a systern for transporting at
ieast a portion of a sample. In embodiments, a device for assaying a sample for the presence
of analytc in a sample may comprisc a systern for transporting a reagent. In embodiments, g
system for transporting at least a portion of a sample, or for transporting a reagent, may
comprisc a fluid handling system. In embodirnents, a fluid handling system of a device for
assaying a sample for the presence of analyte in a samiple may be configured to transport at
icast a portion of a biological sample and also be configured to transport g reagent. In
embodiments, a device for assaying a sample for the presence of analyte in a sample may be
contfigured to dilute at least a portion of a sample with a reagent. In embodiments, a device
for assaying a sample for the presence of analyte in a sample may be configured to mix a

reagent with at least a portion of a sample.

(8027 in embodiments, a device comprising a fluid handling system for transporting
at feast a portion of a biological saraple may coruprise a racans for contacting a biological

sample; or may comprise a means for accepting a biological sample; or may comprise means
for storing a biological sample. fu embodiments, a biological sample may be provided by a
cartridge. In embodiments, a cartridge may hold a container in which a bislogical sanmple is
countained. A contaiver configured to hold a biological saraple way be configured to store a
biological sample, and may be configured to allow access to said biological sample by a fluid
handling system. Access by a fluid handling systern to a biological saraple may be effective
to allow transport of at least a portion of the biological sample; to allow mixing of the
biological sample; to allow addition of a reagent to at lcast a portion of the biological sample;

or to allow division of said biological sample into two or more portions.

[8628] {n embodiments, systems are provided which include devices configured to
detect the presence of an analyte in a biological saraple. In ersbodiments, a device or system
may further comprise a communication asserbly, which may comprise a display element
and/or a communication element effective to report the resuits of said detection and/or
measurement. In embodiments, a communication assembly, such as a display element and/or
conmmunication clement, may be suitable for two-way commmunication. In embodiments, a
comurunications assembly roay be configured to cornmunicate data obtained from assaying a

sample. In embodiments, a device for assaying a sample for the presence of analyte in a
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sample may comprisc other elements and assembilics, including, without limitation, a heating

assembly, a cooling assembly, a sorucator, and other elerents and assemblies.

(686291 For example, systems as disclosed herein may include a communication
asscrnbly for transmutting or receiving a protocol based on the analyte to be detected or based
on other analytes to be detected by the device or systerm. In embodiments, an assay protocol
may be changed based on results previously obtained from a sample from a subject, or based
on results previously obtained from a different sarople from the subject. o embodiments, a
conmunication assembly may comprise a channel for comnwunicating information from said
device to a computer, satd wherein said channel is selected from a computer network, a
telephone network, a metal communication link, an optical comumunication link, and a
wireless communication link. In embodiments, systems as disclosed herein may transmit
signals to a central location, or to an end user, and may include a communication assembly
for transmitting such signals. Systerns as disclosed herein may be configured for updating a
protocel as needed or on a regular basis.

(6036 Accordingly, Applicant discloses devices configured to measure an analyte in
a biological saraple according to a rocthod disclosed herein. Devices configured to measure
analytes in a biological sample according to a method disclosed herein may be configured to
measure analyies from a biological sample that comprises no more than about 1000 uL of
sample, or no more than about 500 pl of sample, no more than about 250 uL of sample, or
no more than about 150 pl of sample, or no more thav about 160 uL of sample, or no more
than about 50 L of sample, or, in embodiments, wherein said biological sample comprises
no more than about 25 ul of sample, or wherein said biological sample comprises no more
than about 10 pl of sample, or wherein said biological sample comprises less than about 10
ul of sample. Such devices may be configured to racasure an analyie in a biclogical saraple
in less than about one hour, or, in embodiments, in less than about 40 minutes, or in ess than
about 30 minutes.

(6831} Devices disclosed herein may be configured to perform au assay for the
measurement of a first analyte and also to perform an assay for the measurement of a second
analyte in the biclogical saraple. In erubodiments, performance of an assay for the
measurement of a second analyte in the bislogical samiple may be contingent on the results of
an assay for the rocasurerent of a first analyte in the biological sample. For example, devices
disclosed herein may be configured to perform an assay for the measurement of an analyte

and also to perform an assay comprising the measurement of 4 morphological characteristic
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of a blood cell in the blood sample. Devices disclosed herein may be configured to perform
an assay for the measurement of a first analyte and also to perform an assay comprising the
measurement of another biood analyte, ¢.g., a vitamin, a hormone, a drug or metabolite of a
drug, or other analyte. Such devices may be configured wherem the assays, or the order of
performance of assays, that are performed by said device may be altered by communication
with another device.

[68632] Applicant also discloses systems comprising a device as disclosed herein. In
embodiments, the systera comprises a deviee that is configured to perform an assay for the
measurement of a first analyte and also to perform an assay for the measurement of another
analyte in the blood sample. In embodiments, the systern comprises g device that is
configured to perform an assay for the measureracot of an analyte and also to perform an
assay for the measurement of a morphological characteristic of a blood cell in the blood
sample. In exobodiments of such a system, assays, or the order of performance of assays, that
are performed by said device may be altered by communication with another device.

[6033] This Summary s provided to mtroduce a selection of concepts i a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor 15 1t

intended to be used to Hmit the scope of the claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

[6034] Fig. 1 shows representative trmages of blood cells from a sample of whole
blood, illustrating various types of images that may be obtained using different imagiog

techniques and dyes.

{6035} Fig. 2 shows a representative coraposite mage of several cell-types i whole
blood, including images of a monocyte, a lymphocyte, an eostnophil, and a neutrophil.

[6436] Fig. 3 shows plots of various cell types identified and quantified by the
cytometric assays described in this exarople, including monocytes (Fig. 3A), basophils (Fig.
3B), lymphocytes (Fig. 3C), and neutrophils and cosinophils (Fig. 3D}

(6837} Fig. 4 shows plots dewoustrating that cytometric methods as disclosed herein
identify different cell types consistent with such identification by other methods. Figs. 4A
shows plots of numbers of white blood celis ("WBCs”); Fig 4B shows plots of numbers of
red blood cells ("RBCs}; Fig. 4C shows plots of numbers of platelets; Fig. 4D shows plots of
numbers of neutrophils; Fig. 4E shows plots of numbers of monocytes; and Fig. 4F shows

plots of numbers of lymphocytes.
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DETAILED DESCRIPTION

[3638] Diescription and disclosure of exaraples of reagents, assays, methods, kits,
devices, and systems which may use, or be used with, methods, devices, and systems
disclosed herein may be found, for example, in U.S. Patent 8,088,593; U.S. Patent 8,380,541,
U.S. Pat. App. Ser. No. 13/769,79%8, filed February 18, 2013; UK. Pat. App. Ser. No.
13/769,779, filed February 18, 2013; U.S. Pat. App. Ser. No. 13/769,817, filed February 18,
2013; U.S. Pat. App. Ser. No. 13/769,818, filed Febroary 18, 2013; U.S. Pat. App. Ser. No.
137769820, filed February 18, 2013; U.8. Pat. App. Ser. No. 13/244,947 filed Sept. 26, 201 1;
PCT/AUS2012/57155, filed September 25, 2012; UK. Application Serial No, 13/244,946, filed
September 26, 2011; U.S. Patent Application 13/244,949, filed September 26, 2011; US.
Patcnt Application 61/805,900, filed March 27, 2013; and U.S. Application Serial No.
61/673,245, filed September 26, 2011, the disclosures of which patents and patent

applications are all hereby incorporated by reference in their entireties,

DEFINITIONS

(0397 Before the present methods, devices, and systems are disclosed and described,
it is to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be hmiting. | is also to be understood
that the present disclosure provides explanatory and exemplary descriptions and examples, so
that, unless otherwise indicated, the devices, systems, and methods disclosed herein are not
iimited to the specific embodiments described herein.

18646} It st be noted that, as used n the specification and the appended claivos, the
singular forms "a," "an" and "the" include plural referents uniess the context clearly dictates
otherwise. Thus, for exaraple, reference to "a salt” refers to a single salt or mixtures of
different salts, and the like.

[3041] In this specification and in the claims that follow, reference will be made to a
number of terms, which shall be defined to have the following meanings:

[0042] Acronyms and abbreviations, such as “rpm” (revolutions per minute), “min”
{minute), “sec” (second), and so forth, have their customary meanings.

[3043] As used herein, the term “assay” and grammatical equivalents refers to tests,
measurements, observations, and other experimental procedures which may be apphiedto a
sample for detection of an analyte, identification of an analyte, and measurement of the
amounts of an analyte 1o a sarople. Assays may be physical assays which detect, identify, or

measure a physical property of a sample; assays may be chemical assays, which detect,
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identify, or measure a chemical property of a sample, or perform chemical reactions in or
with a sample; and inchude assays which use optical, electrical or electronic, chemical, or
other means of detection and measurement.

(6044} As used herein, an “analyte” 1s the subject of an assay or analysis, the presence
or amounts of which are to be determined by the performance of the assay. An analyte may
be g natural constituent of g biological sample; an analyte may be free in 2 fluid sample or
solution, or may be bound to another compound {e.g., to a carrier protein}, may be present on
a cel, or may be present in a cell; an analyte may be a compound not normally found in g
biological sample, such as a drag; a metabolite of a drug or other compound; an infectious
agent {¢.g., a virus, bacteria, or other foreign organism or material); a toxin; or other
compound, element, cell, or cellular marker that may be the subject of analysis. An analyie
may comprise a cell, or virus, or portion thercof; and may comprise a physical or chemical
characteristic of a cell, virus, tissue, or portion thereof,

[6045] An assay for an analyte is a test or procedure directed at detecting the presence
of that analyte, or determining the amount of that analyte, or identifying that analyte, or
characterizing that analyte, or otherwise obtaining information about that analyte, in a
sample.

(3846} As used herein, the term “negative result” and grammatical equivalents thereof
refers to a result of an assay in which the presence of the target analyie is not detected, or is
detected at a normal level, in the biological sample.

{68471 As used herein, the term “positive result” and grammatical equivalents thercof
refers to a result of an assay in which the presence of the target analyte 1s detected, ot is
detected at an abnormal level, in the biological sample.

13048] As used herein, the terms “reflex fest” and “reflex assay” refer to an assay
{equivalently, a test) the performance of which is contingent on a result of a previous test
{which may be termed an “initial test” or an “initial assay”). Whether or not the reflex tost 18
performed, or the timing of, or order in which, the reflex test is performed, is determined by a
result of the itial test.

(06497 As used heren, the term “contingent” refers to dependence on a prior event,
result, condition, or state. Thus, where an act is contingent on a criterion {¢.g., the cccurrence
of an act; the outcome of a test; the existence of a state or condition; or the satisfaction of a
criterion of any kind) the performance of that act is conditional upon the criterion, and that
act will occur or be performed, or not, or will oceur or be performed 1 a particular way,
depending upon that criterion. For example, one form of reflex test is one in which a positive
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result from a general test triggers an automatic test of a more specific nature; for example, an
influenza reflex test which 1s positive for the presence of mfluenza virus may automatically
trigger a more specific test which will identify the particular strain of influenza present in a
sample froro the subject, or will deterraine whether or not a particular strain of 1nfluenza s
present in a sample from the subject.

{8058} As used herein, the term “contingent assay” refers to an assay the performance
of which {or faihure to perform) depends on a prior event or condition. For example, a
contingent assay may be one that 1s performed only if the result of a prior assay satisties a
criterion (or criteria); a contingent assay may be one that s not performed if the result of a
prior assay satistics a criferion {or criteria}; 8 contingent assay may be onge that 1s performed
in one way it the result of a prior assay satisfies a criterion {or criteria), but 1s performed ina
different way if the criterion (or criteria) is (are) not met. Thus, a single contingent assay may
depend upon a single criterion; or, a single contingent assay may depend upon multiple
criteria. Multiple contingent assays may depend upon a single criterion; or, multiple
contingent assays may depend upon multiple criteria.

[8651] Similarly, a step in an assay may be a “contingent step”, i.¢., one that is
contingent upon the occurrence or outcome of a prior assay, or a prior step of an assay
{including the assay in which a contingent step occurs).

{8052} As used herein, the term “antibody-based assay” refers to an assay for an
analyte which may be found in a bislogical sample, using specific binding of the analyte by
an antibody, antibody fragment, or antibody mimetic {¢.g., immuncadhesin, aptamer, or other
construct which specifically binds to a target with little or no cross-reactivity with other
compounds) to detect the presence of, and, if desired, quantify the amounts of, an analyte in a
saraple. Thus, as used herein, the term “antibody-based assay” includes immunoassays
(including ELISAs), receptor-based assays, and other assays which utilize specific binding
between a receptor and a ligand to detect, wdentify, or quantity an analyte. A Western blot
may be termed an antibody-based assay.

{6053} An aptarner 18 a nucleic acid molecule capabic of binding to a target roolecule.
The nuclete acid may be a deoxyribonucleic acid, a nibovucleic acid, a hinked peptide nuclewe
acid, or other nucleic acid, snalog, or derivative thercof. The generation and use of aptamers
is known in the art; see, e.g., U.S. Patent No. 5,475,096,

[8054] The term “immuncadhesin” designates an antibody-like molecule which
combines the binding specificity of a heterologous protein {an "adhesin™) with the effector
functions of immunoglobulin constant domains. Structurally, the immunoadhesins comprise a
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fusion of an amino acid sequence with the desired binding specificity which is other than the
antigen recoguition and binding site of an antibody (1.¢., 1s "heterologous™), and an
immunoglobulin constant domain sequence. The adhesin part of an immunoadhesin molecule
typically 1s a contignous amino acid sequence comprising at least the binding sitc of a
receptor or a ligand. The immunoglobulin constant domain sequence in the immunoadhesin
rmay be obtained from any immunoglobulin, such as IgG-1, IgG-2, Ig(G-3, or 1G4 subtypes,
IgA (including IgA-1 and IgA-2), IgE, 1gD or IgM. Immuncadhesins reported in the literature
include fusions of the T cell receptor {(Gascoigne et al. Proc. Natl, Acad. Sci. USA §4:2936-
2940 {19871, CD4 (Capon et al., Nature 337:525-531 [ 1989]), CD44 (Aruffo et al., Cell
61:1303-1313 [19907), and IgE receptor alpha (Ridgway ct al,, I Cell. Biol. 115:abstr. 1448
[19911]). For the production of rmumunoglobulin fusions see also ULS. Pat. No. 5,428,130
issued Jun. 27, 1995,

[0055] As used herein, the term “cytometric assay” refers to an assay which detects,
or identifics, or quantifies cells or particies in a sample, typically by optical means (e.g., by
rnicroscopy ). For example, cells or particles may be counted in a sample, or a ficld of view
within a sample, to provide a number, or deunsity, or other numerical value regarding cells or
particles in a saraple. Size, or optical intensity, or other characteristic of cells or particles in a
sample may be measured or characterized. Cells in a sample assayed in a cytometric assay
rmay be labeled, or otherwise treated, to enhance their identification or to case the
differentiation between cells and cell types. Thus, for example, cell surface markers may be
labeled and optically identified by exposure of cells to antibodics or antibody fragments
directed at particular cell surface antigens, where the astibodies or antibody fragments are
iabeled with fluorescent dyes or other identifiable markers. In addition to antibodies and
antibody fragments {and mimetics thereof), aptamers, immuneadhesins, nucleic acid
molecules, nucleie acid mimetics, dyes, and other probes or labels specific for cellular
features, organclles, molecules, or characteristics may also be used to identity and
characterize cells in a cytometric assay.

13056] As used heren, “measurement of a morphological characteristic” of a cell or
particle, and gramumatical variants thereof, refers to a cytometric assay directed at wdentifving,
quantifving, or characterizing the size, shape, or other physical characteristic of a cell,
particle, or group of cells or particles in a sample. Observation, measurement, or
characterization of the appearance of a cell or particle is one type of measurement of a
roorphelogical characteristic. Measureroent or characterization of the size of a cell or particie
may refer to the measurement or characterization of the diameter, cross-sectional area,
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volume, or other characteristic of a cell or particle. Measurement or characterization of the
shape of a cell or particle may refer to the measurement or characterization of the symunetry
{or asymmetry), or presence or number of protrusions, smoothness {or roughness) of a
cellular surface, or other charactenstic of a cell or particle. Measurement or characterization
of brightness, or other optical property, across a dimension of a cell or particle, comprises
racasurcment of a morphological characteristic of a cell or particle. Other morphological
characteristics may also be observed, measured and characterized.

{00571 The word "label” or “marker” or the phrases “detectable label” and “marker
moiety” when used herein refer to a detectable compound or composition which is
conjugated directly or indirectly to the antibody so as to gencrate a "labeled” antibody. The
iabel may be detectable by itself (e.g. radioisotope labels or fluorescent labels) or, 10 the case
of an enzymatic label, may catalyze chemical alteration of a substrate compound or
composition which is detectable {a label may be, ¢.g., a dye, a fluorescent moiety, a
fuminescent moiety, a chemiluminescent moiety, an enzymatic label, a magnetic label, a
paramagnetic label, 8 contrast agent, a nanoparticle, a radioisotope, an cpitope tag, biotin,
streptavidin, or a quencher). Dyes include, for example, flusrescent dyes that intercalculate
with double-stranded DNA mclude, for example, SYBR Gold™, SYBR Green I™, SYBR
Green U™, ethidium bromide, BlueView ™, methylene blue, DAPI, and acridine orange.
Further fluorescent dyes include, for example, CAL Fluor Gold, CAL Fluor Orange, Quasar
570, CAL Fluor Red 590, CAL Fluor Red 610, CAL Fluor Red 618, CAL Fluor Red 633,
Quasar 670 (Bioscarch Technologies), VIC, NED (Life Technologics), Cy3, CyS, Cy5.5 (GE
Healthcare Life Scicuces), Oyster 556, Oyster 645 (Integrated DNA Technologies), LC red
610, LC red 610, LC red 640, LC red 670, LC red 705 (Roche Applies Science), Texas red,
FAM, TET, HEX, JOE, TMR, and ROX. Quenchers that may be used include, for example,
DDQ-L, BDQ-U (Burogentec), Eclipse (Epoch Biosciences), fowa Black FQ, lowa Black RQ
(Integrated DNA Technologicsy, BHQ-1, BHG-2, BHQ-3 (Bioscarch Technologics), QSY-
7, Q3SY-21 (Molecular Probes), and Dabeyl.

{6058} As used herein, the term “small molecule” refers to a compound, typically a
non-polymeric organic compouund, that is smaller than a typical protemn. Examples of small
molecules include acetylsalicylic acid (aspirin), caffeine, cholesterol, vitamin D, and other
molecules. A small raolecule typically has a moolecular weight below about 500 Dalions. As
used herein, small molecules may be small organic molecules, and may be small inorganic

raolecules,
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(30597 As used herein, the term “general chemistry assay” refers to an assay for an
element or corapound which may be found n a biological sample, using chemical or physical
reactions to detect the presence of, and, if desired, quantify the amounts of, an analyte in a
sample. As used herein, a “general chemistry assay” may be directed at detecting a small
molecule analyte {inchiding ions and clements such as sodium or potassium}, or directed at a
chemical characteristic of a sample (e.g., pH, O saturation, or other sample characteristic
determined by chemical means).

[(068] As used herein, the term “nucleic acid assay” refers to an assay for an nucleic
acid {whether deoxyribonucleic acid (BNA) or ribonucleic acid (RNA}} which may be found
in g biological sample; such assays typically use hybridization between g probe and the target
nucleic acid to detect the preseuce of, and, if desived, quantity the amounts of, an analyte in a
sample. Nucleic acid assays include, for example, polymerase chain reaction (PCR) assays of

all types, Northem blots, Southern blots, and other assays.

[6861] "Stringency” of hybridization reactions is readily determinable by one of
ordinary skill in the art, and generally 1s an empirical calculation dependent upon probe,
iength, washing temperature, and salt concentration. fn general, longer probes require higher
temperatures for proper anncaling, while shorter probes need lower temperatures.
Hybridization generally depends on the ability of denatured DNA to reanncal when
complementary strands are present in an environment below their melting temperature. The
higher the degree of desired homology between the probe and hybridizable sequence, the
higher the relative temperature which can be used. As a result, it follows that higher relative
teraperatures would tend to make the reaction conditions more stringent, while lower
temperatures less so. For additional details and explanation of stringency of hybridization
reactions, see Ausubel et al., Current Protocols in Molecular Biclogy, Wiley Interscience
Publishers, (1993).

[68862] "Stringent conditions” or "high stringency conditions”, as defined herein, may
be wdentified by those that: (1) employ low lonic strength and high temperature for washing,
for example 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate
at S0°C.; (2) employ during hybridization a denaturing agent, such as formamide, for
example, 50% (v/v) formamide with €.1% bovine serum albumin/0.1. % Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride. 75 mM sodium citrate at 42°C.; or {3} employ 50% formamide, 5 x SSC{(G.75 M

WNaCl, 0.075 M sodium ctirate). 50 mM sodium phosphate (pH 6.8), 0.1% sodium
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pyrophosphate, 5 x Denhardt's solution, sonicated salmon sperm DNA (50 pg/mli}, 6.1%
SDS, and 10% dextran sulfate at 42°C, with washes at 42°C. m 0.2 x SSC {(sodium
chloride/sodium citrate) and 50% formamide at $5°C, followed by a high-stringency wash
consisting of 0.1 x SSC contairung EDTA at 55 °C.

[6863] "Moderately stringent conditions” may be identified as described by
Sambrook et al., Molecular Cloning: A Laboratory Manual, New York: Cold Spring Harbor
Press, 1989, and include the use of washing solution and hybridization conditions {e.g.,
teraperature, ionic strength and % SDS) less stringent that those described above. An
example of moderately stringent conditions is overnight incubation at 37°C. in a solution
comprising: 20% Formamaide, 5 x S8C (150 mM NaCl, 15 mM trisodium cifrate). 50 mM
sodium phosphate (pH 7.6). 5 x Denhardt's solution. 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by washing the filters in 1 x S8C at about
37-50°C. The skilled artisan will recognize how to adjust the temperature, 1ouic strength, ete.
as necessary to acconumodate factors such as probe length and the like.

13064] The terms “blood” and “whole blood” refer to blood as it exists within an
antmal and as directly obtained from a subject in a blood sample. Blood contains red blood
cells, white blood cclls, proteins such as alburmin, globulins, and clotting factors, salts, water,
and other constituents.

[8065] The terms “plasroa” and “blood plasma” refer to the hquid portion of blood
{e.g., a blood sample} that remains after the removal of blood cells. Red blood cells and
white blood cells may be removed by centrifugation of a blood sample, leaving plasma above
the pelleted cells 1o the bottom of the centrifuge tube. Plasma retains blood clotiing factors,
and is obtained from anti-coagulated blood samples.

18666} The terms “seram” and “blood serura” refer to the hiquid portion of blood that
remains after blood is allowed to clot, and the clot is removed. Serum differs from plasma in
that serum lacks clotting factors: since clotting reguires fibrin, thrombin, and other proteins,
which form and remain part of a biood clot, serum lacks these proteins while plasma contains

them.

13067) As used heren, a “finger-stick™ refers to: 1) the act of malang a small puncture
in the skin of a subject, allowing a small amount {e.g., a droplet, or one, two, or a few drops)
of blood to flow and become available for collection; 1) the puncture itself; and 111} the blood
collected thereby. Blood may be liberated in a finger-stick, for example, by use of a fancet or

other sharp implement effective to pierce the skin of a subject. Typically, ounly & sinall

1"’
o
/



WO 2014/160891 PCT/US2014/032071

amount of blood 1s collected in this way (c.g., the amount of blood may be about 250 uL or
iess, or about 200 uL or less, or about 150 pL or less, or about 100 uL. or less, or about SO uL
or less, or about 25 L or less, or about 15 uL or less, or about 10 ul or less, or about 10 gL
or less, or about S uL or less, or about 3 ul or less, or about 1 pl. or less). Blood from a
finger-stick may be collected, e.g., by needle, syringe, capillary tube, or other method. Blood
from a finger-stick may be collected for transport to another location; for storage prior to use

or analysis; for immediate use; or for a combination of the same.

[0068] As used herein, the term “biological sample” refers to a fluid, tissue, or other
material collected from a subject. Examples of biological saruples can inchude but are not
iimited to, blood, serum, plasma, a throat swab, a nasal swab, a nasopharyngeal wash, saliva,
urine, gastric fluid, cercbrospinal fluid, tears, stool, mucus, sweat, carwax, oil, a glandular
secretion, semen, vaginal fluid, interstitial fluids derived from tumorous tissue, ocular fluids,
breath, hair, finger nails, skin, biopsy tissue, placental fluid, amniotic fluid, cord blood,
lymphatic fluids, cavity fhuids, sputum, pus, micrebiota, meconium, breast milk, and other
secretions or excretions. Biological samples may include nasopharyngeal wash, or other fluid
obtained by washing a body cavity or surface of a subject, or by washing a swab following
application of the swab to a body cavity or surface of a subject. Nasal swabs, throat swabs,
stool samples, hair, finger nail, car wax, breath, and other solid, semi-solid, or gaseous
samples may be processed in an extraction buffer, e.g., for a fixed or variable amount of time,
prior to their analysis. The exiraction buffer or an aliquot thereof may then be processed
similarly to other fluid samples if desired. Examples of tissue samples of the subject may
include but are not limited to, connective tissue, muscle tissue, nervous tissue, epithelial
tissue, cartitage, cancerous sample, or bone. The sample may be obtained from a human or
antmal. The sample may be obtained from a mammal, vertebrate, such as raurines, simians,
humans, farm antmals, sport animoals, or pets. The sample roay be obtained from a living or
dead subject. The sample may be obtained fresh from a subject or may have undergone some
form of pre-processing, storage, or transport.

(64691 As used herein, “portion’” and “portions” {¢.g., of biological samples) inciude,
without limitation, aliguots (which may be of equal volurne, or may be of unequal volume);
dilutions {in which a sample, or a portion thereof, 1s mixed with a diluent to form a dilution of
the sample}; fractions {¢.g., a fraction of whole blood, such as serum, or plasma, or a pellet

formed by centrifugationy; and combinations thereof.

REFLEX TESTING
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(6076 Methods, devices, and systems disclosed herein may be used to provide and
perform a “reflex test” 1o which a second assay is, or subseqguent assays are, performed

contingent on the results of an initial test or tests,

[6971] In embodiments, a reflex test may be performed upon obtaining negative
results from an initial test. For example, a negative result may indicate that a subject does not
suffer from a suspected discase or condition that was suggested by a particular symptorm, and
indicates that a different assay divected at a different suspected disease or condition should be
performed. In such embodiments, a reflex test for the different suspected disease or condition

may be performed, as a result of obtaining the negative results from the initial test.

(6672 In embodiments, a reflex test may be performed upon obtaining positive
results from an initial test. For example, an initial test may be, e.g, an HIV test. In such an
example, positive results of an antibody-based assay for HIV {e.g., an HIV-1 test, or an HIV-
2 test) on a sample from a subject may trigger the testing of a sample from the same subject
using a nucleic acid assay for HIV {e.g., a nucleic acid assay for HIV-1 test, or a nucleic acid
assay for HiV-2 test). In embodiments, a positive result in an antibody-based HIV assay for
HIV may trigger testing of a sample frorn the same subject in a nueleic acid assay. In
embodiments, a positive result in an initial nucleic acid assay for HIV may trigger testing of a
sample from the same subject by a subsequent, higher stringency nucletc acid assay for HIV.
in embodiments, a positive result in an antibody-based HIV assay {¢.g., an ELISA or other
assay) may trigger testing of a sample from the same subject by Western blot (also an
antibody-based assay) for HIV. lu embodiments, a posifive result in an antibody-based HIV
assay may trigger testing of a sample from the same subject in a cytometric assay. In
embodiments, a positive result in a nucleic acid assay for HIV may trigger testing of a sample
from the same subject in a cytometric assay. In embodiments, a positive result in an antibody-
based HIV assay for HIV may trigger testing of a saraple from the same subjoct in a general
chemistry assay. In embodiments, a positive result in a nucleic acid assay-based HIV assay
for HIV may trigger testing of a saraple from the same subject in a general chermistry assay.
In erabodiments, a positive result in a cytometric assay indicative of symptoms of HIV may
trigger testing of a sample from the same subject in an antibody-based assay, or a nucleic acid
assay, or in a general chemistry assay, or a combination of one or more of these assays. In
embodiments, a positive result in any assay indicative of symptoms of HIV may trigger

testing of a saraple from the same subject in a cytometric assay, an antibody-based assay, or a
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nucleic acid assay, or in a general chemistry assay, or a combination of one or more of these

assays.

(8673 it will be understood that the embodiments discussed above are exemplary,
using HIV as an example, but that a biological sample may also be assayed and analysed
analogously for any disease or condition by the methods, devices, and systems disclosed

herein.

{6074} For a further cxample, an initial assay may comprise g complete blood cell
count test, comprising testing a bloed sample for white blood cells, where a white blood cell
count outside the normal range {e.g., below about 2000 cells per microliter (ul) for males
older than 12 years of age is outside the normal range) may trigger a reflex test comprising
further testing of the blood of the subject. In embodiments, such further testing of the blood
may be an automatic test performed by a cytometer on a device as disclosed herein. For
example, such a reflex cytometric test may comprise identifying and/or quantifying white
blood cells in the samaple by cell type, using a cytometer. Such a cytorneter test aay be an
automatic cytometer test, and may oot require the intervention of any person to perform the
cytometric assay. In embodiments, such further testing of the blood may be a “Mamual” test
performed by a trained person. In embodiments, such a reflex test comprising further testing
of the blood may comprisc both an autoratic test performed by a cytorneter on a device and a

“Manual” test performed by a trained person.

(8075} For a further example, a positive test for hepatitis may trigger the further
testing of a sample from the same subject. In erobodirnents, an nitial test for hepatitis may
comprise a test for analytes indicative of compromised liver function, ¢.g., increased serum
aminotransferase levels, or increased alkaline phosphatase levels, or increased gamioa-
ghatamyl transpeptidase levels, or inereased bilirubin, or other blood marker which may be
altered by hepatitis. In embodiments, such further testing of a sample from the subject may
comprise an antibody-based assay. In embodiments, such further testing of a sample from the
subject may comprise a nucleic acid assay. In embodiments, such further testing of a sample
from the subject may comprise an antomatic test performed by a cytometer on a device as

disclosed herein.

{8676} For a further cxample, a positive test for hepatitis C may trigger the further
testing of a sample from the same sabject. In embodiments, an initial test for hepatitis C may

comprise a test for the presence of antibodies to hepatitis C virus. In embodiments, such
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further testing of a sample from the subject may be a nucleic acid assay for the presence of
nucleic acids 1ndicative of hepatitis C viras. In embodiments, an initial test for hepatitis C
may comprise an antibody-based assay for the presence of epitopes {antibody targets)
indicative of the presence of hepatitis C virus in the sarmple. In embodiments, such further
testing of a sample from the subject may be a nucleic acid assay for the presence of nucleic
acids imndicative of hepatitis C virus. In crnbodiments, an initial test for hepatitis € may
comprise a test for the presence of nucleic acids indicative of hepatitis C virus. In
embodiments, such further testing of a sample from the subjoct may be a nucleic acid assay

for the presence of antibodies to hepatitis C virus.

(8077 For a further example, a positive test for the presence of syphilis may trigger
the further testing of a sample from the same subject. In embodiments, an initial test for the
presence of syphilis may comprise a nucleic acid test for the presence of nucleic acids
indicative of syphilis bacteria. In crobodiments, a subsequent test for the presence of syphilis
may comprise a higher stringency nucleic acid test for the presence of syphilis bacteria (as
compared to the stringency of the initial nucleic acid test for syphilis). In embodiments, a
subsequent test for the presence of syphilis may coruprise a Western blot test for the presence

of syphilis bacteria.

[6978] In ecmbodiments, an initial tost for the presence of syphilis may comprisc a tost
for the presence of antibodies to syphilis bacteria. In embodiments, such further testing of a
saraple from the subject may be an automatic test performed by a cytometer on a device a8
disclosed herein. In erobodiments, an automatic test performed by a cytometer on a device as
disclosed herein may be a cytometric test using darkficld illumination of a blood sample from
the paticot, n order to determine and/or guantify the presence of syphilis bacteria. In

embodiments, such further testing may be a “Manual” test performed by a trained person.

(8079 An initial assay may comprise an assay for the presence of hepatitis B. For
example, a sample obtained from a pregnant forale may be tested for hepatitis B surface
antigen {an antibody-based assay). I this initial test is found to be positive for the presence of
hepatitis B surface antigen, a nucleic acid reflex test may be performed for a more sensitive
and specific test for the hepatitis B virus; the reflex test may also provide quantification of the
viral load i the sample. The mucleic acid reflex test voay be perforroed on a different sample
than the antibody-based hepatitis B surface antigen assay; this different samiple may be a
portion of the original sample, obtained by dividing the original sample into portions, and

retained for future use if needed; this different sample may be a separate sample, obtained at
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the same, or nearly the same time, as the original sample, and retained for future usc if
needed; or this different sample may be a sample obtained after the original sample was

obtained (c.g., after the result of the initial test was determined).

{6088 For a further example, g saraple obtained from a pregnant female may be
tested for hepatitis B surface antigen {an antibody-based assay). I this mitial test 1s found to
be positive for the presence of hepatitis B surface antigen, a reflex assay for the presence of
syphilis may be performed. Such a reflex syphilis assay may be, for example, a nucleic acid
reflex test for the presence of nucleic acids indicative of the presence of syphilis bacteria in
the saraple. In erobodiments, such a reflex syphilis assay may be an antibody-based reflex test
for the presence of proteins indicative of the presence of syphilis bacteria in the sample. In
cmbodiments, such a reflex syphilis assay may be, for example, a cytometric assay for the
presence of syphilis bacteria in the sample. The reflex test may be performed on a different
sample than the antibody-based hepatitis B surface antigen assay; this different sample may
be a portion of the original sample, obtained by dividing the original sample into portions,
and retained for future use if needed; this different sample may be a separate sample,
obtained at the same, or nearly the same time, as the origival saraple, and retained for future
use if needed; or this different sample may be a sample obtained after the original sample was

obtained (e.g., after the result of the rutial test was determined).

[6081] For a further example, a urine sample may be assayed for the presence of
blood, for the presence of nifrite, for the presence of more than trace amounts of protein, or
for the presence of white blood cells {e.g., leukocyies) o the unne. In erabodimeunts, av inihal
assay performed on a urine sample may be an antibody-based assay. If the results of such an
antibody-based assay are found to be positive, then a reflex test may be performed, in which a
sample of urine is subjected to cytometric testing. Such cytometric testing may be automated,
or may be manual (i.c., involving observation of the sample by a technician using a
microscope, of a camera, or both}, or a combination of these. The cytometric reflex test may
sample may be a portion of the original sample, obtained by dividing the original sample into
portions, and retained for future use if needed; this different sample may be a separate
sample, obtained at the same, or nearly the same time, as the original sample, and retained for
future use if needed; or this different sample may be a sample obtained after the original

sample was obtained {(e.g., after the result of the inttial test was determined).
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[6082] For a further example, a urine sample may be assayed for the presence of
blood, for the presence of nitrite, for the preseoce of more thav trace aroounts of protein, or
for the presence of white blood cells {e.g., lcukocytes) in the urine, as discussed above. In
embodiments, an wnitial assay performed on a urine sample may be av antibody-based assay.
{f the results of such an antibody-based assay are found to be positive, then a reflex test may
be performed, in which an assay for the presence of bacteria 1s performed, using a sample of
urine. In embodiments, such an assay for the presence of bacteria in the urine comprises a
bacterial culture, in which urine 1s applied to a substrate suitable for the culture of bacteria
and the substrate incubated under conditions conducive to bacterial growth. Such a bacterial
culture retlex test may be performed on a different saraple than the antibody-based nitial
assay; this different sample may be a portion of the original sample, obtained by dividing the
original sample into portions, and retained for future use if needed; this different sample may
be a separate sample, obtained at the same, or nearly the same time, as the original sample,
and retained for future use if needed; or this different sample may be a sample obtained after

the original sample was obtained (e.g., after the result of the initial test was determined).

{6083} In erobodiroents, after providing a biological saraple to a device, all assays are
performed automatically by a device or system, ¢.g., by a device or system as disclosed
herein. In embodiments, after providiog a single biological sarple to a device, all assays are
performed automatically by a device or system, ¢.g., by a device or system as disclosed
herein. fo embodiments, after providing a plurality of biological samples to a device, all
assays are performed automatically by a device or system, e.g., by a device or system as
disclosed herein. In embodiments, after providing a biological sample to a device, an initial
assay is performed automatically by a device or system, e.g., by a device or system as
disclosed herein, and a further sample 1s requested; upon loading such further sample in 2
device, at least one subsequent assay is performed automatically on the subsequent sample by
a device or system, ¢.g., by a device or system as disclosed herein. In embodiments, after
providing a biological sample to a device, an initial assay is performed automatically by a
device or systern, ¢.g., by a device or systen as disclosed herein, and a further sample is
requested; upon loading such further sample in a device, all subsequent assays arc performed
automatically on the subsequent sample by a device or system, ¢.g., by a device or system as

disclosed herein.

{4984} fn emboduments, after providing a biological sample to a device, an initial

assay is performed automatically by a device or system, e.g., by a device or system as
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disclosed herein, and a further sample is obtained automatically; at least one subsequent assay
is perforroed on such subsequent sample antomatically by a device or system, e.g., by a
device or system as disclosed herein. In emboediments, after providing a biological sample to
a device, an initial assay is performed autoroatically by a device or sysieru, ¢.g., by a device
or system as disclosed herein, and a further sample is obtained automatically; all subsequent
assays are perforraed on such subsequent sample antomatically by a device or system, e.g., by

a device or system as disclosed herein.

[8485] Thus, in embodiments, reflex testing may be performed in response to an
assay result. For example, the results of a fivst assay A roay be determinative of whether or
not a second assay B should be run; in this example, assay A is the initial assay, and assay B,
contingent on the results of assay A, 1s the reflex assay. Thus, for exaraple, when an assay A
is ordered, a cartridge may be pre-loaded with reagents required by assay A, and also pre-
ipaded with reagents nocessary for assay B. If the result of assay A rocets a predefined
criterion initiating the reflex assay, then assay B is run with the same sample in the
device. The device protocol is planned to account for the possibility of running the reflex test
{1.c., the necessary reagents are loaded info the cartridge, sufficient sample is obtained to
perform both assay A and assay B, and sufficient sample 18 retained in reserve for running
assay B if needed).

[B086] in embodiments, some protocol steps of assay B may be performed before the
results for assay A are coraplete. For exaraple, sample preparation can be completed in
advance on the device,

{60871 In embodiments, a saraple of sufficient size may be obtained from the subject
sufficient to perform assay A and to perform assay B. In embodiments, a sample may be
obtained from the subject, and may be diluted with a reagent {¢.g., a diluent such as water,
saline, a buffered solution, or other diluent) 1n order fo provide sufficient volume of diluted
sample to perforn assay A and to perform assay B. In embodiments, a sample may be
obtained from the subject, used to perform assay A, and stored in order to be available for the
performance of assay B if indicated. In embodiments, a sample may be obtained from the
subject, and divided into two portions, onc of which may be used to perform assay A, and the
other of which may be stored in order to be available for the performance of assay B if
indicated. In crobodirnents, both portions of a saraple divided into two portions {onc of which
may be used to perform assay A, and the other of which may be used to perform assay B}

rnay be treated equivalently. In embodiments, the portions of a sample divided into two
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portions {one of which may be used to perform assay A, and the other of which may be used
to perform assay B) may be treated differently from cach other.

[6488] in embodiments, a reflex assay may be performed with a second sample from
the paticot. In such embodiments, a second sample way be obtained frov the subject
following the satisfaction of the criterion or criteria by the results of assay A. In
cmbodiments, a result of assay A may trigger a request for a second, or a subscquent, sample.
In embodiments, a request for a second, or a subsequent, sample may comprise a message,
e.g., a racssage displayed on the device, a roessage displayed on an mterface, s message sent
to an electronic address (e.g., an email, or an internet posting, or a tweet, or other address of
an electronic messaging systern), a message to the subject, or to an operator of g device, or to
a health~care provider, or to a payver {e.g., au insurance company), or wore than ove of these
messages, or to more than one of these individuals or entities.

(4989} A second or subsequent sample may comprise same type of sample as the
initial sample. A second or subsequent sample may comprise a different type of sample than
the nitial sample.

[6090] Alternatively, in such embodiments, a second sample may be obtained from
the subject prior to the satisfaction of the criterion or criteria by the results of assay A; for
example, two samples may be obtained from a subject at the same time, or may be obtained
at differcut times prior to obtaining the results frorm the initial assay A. In crabodiraents, both
samples may be treated equivalently. In embodiments, both samples may be treated

differently from cach other.

(6091} The assays and methods disclosed herein roay be perforracd on a device, or on
a system, for processing a sample. The assays and methods disclosed herein can be readily
mcorporated into and used 1 device for processing a sample, or a system for processing a
samaple, which may be an automated assay device, or may be an automated assay syster.
Such a device, and such a system, may be uscful for the practice of the methods disclosed
herein. For exaraple, a device moay be useful for receiving a sample. A device may be useful
for preparing, or for processing a sample. A device may be useful for performing an assay on
a sample. A device may be useful for obtaining data from 4 sample. A device may be useful
for transmitting data obtained from a sample. A device may be useful for disposing of a

sample following processing or assaving of g saraple.
e & o D X

(6892} A device may be part of a system, a componeut of which may be a sample

processing device. A device may be a sample processing device. A sampie processing device
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may be configured to facilitate coilection of a sample, prepare a sample for a clinical test, or
effect a chemical reaction with ove or more reagents or other chemical or physical
processing, as disclosed herein. A sample processing device may be configured to obtain data
from a sample. A sample processing device may be configured to transmit data obtained from
a sample. A sample processing device may be configured to analyze data from a sample. A
sarmple processing deviee may be configured to comraunicate with another device, or a

laboratory, or an individual affiliated with a laboratory, to analyze data obtained from a

sample.
{6993} A sample processing device may be configured to accept a sample from a

subject, cither directly or indirectly. A sample may be, for example, a blood sample (e.g., a
sarnple obtained from a fingerstick, or from venipuncture, or an arterial blood saraple), a
urine sample, a biopsy sample, a tissue slice, stool sample, or other bislogical sample; a water
sample, a soil sample, a food sample, an air sample; or other sample. A blood saraple may
comprise, e.g., whole blood, plasma, or serum. A sample processing device may receive a
sample from the subject through a housing of the device. The sample collection may occur at
a sample collection site, or elsewhere. The sample may be provided to the device at a sample

collection site.

(6094} Examples of saraples may inchude various fluid or solid saraples. In some
instances, the sample can be a bodily fluid sample from the subject. The samiple can be an
aqucous or gascous sample. In some instances, solid or semi-solid samples can be provided.
The sample can include tissues and/or cells coliected from the subject. The sample can be a

biological sample.

[6095] Any volume of sample may be obtained from a subject. Examples of voluroes
may include, but are not limited to, about 10 mL or less, 5 mL or less, 3 mL or less, 1
microliter (il also “ul” herein) or fess, 500 ul or less, 300 uL or less, 250 L or less, 200
ul orless, 170 pl or less, 130 uL or less, 125 L or less, 100 uL orless, 75 uL or less, 50
ul orless, 25 ul orless, 20 ul orless, 15 ul orless, 10 uL orless, 5 ul orless, 3 ub or
less, 1 ul orless, 580 ol or less, 250 nk or less, 100 nl or less, SO ul or less, 20 nk or less,
10 nl or less, 5 nl or less, 1 nl or fess, 500 pL or less, 100 pL or less, 30 pL or less, or 1 pLL
or less. In embodiments, a biological saraple way have a volurae of 250 pL orless. Tn
embodiments, a biological sample may have a volume of 100 ul or less. In embodiments, a
biological sample may have a volume of 50 uL or less. The amount of sample may be about a

drop of a sample. The amount of sample may be the amount collected from a pricked finger
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or fingerstick. The amount of sample may be the amount collected from a microncedle or a

venous draw. Any voluwme, including those described herein, may be provided to the device.

[8696] In embodiments, a biological sample may include cells.
(6097 in some embodiments, a sample processing device may be configured to

accept or hold g cartridge. In some embodiments, a saraple processing device may comprise a
cartridge. The cartridge may be removable from the sample processing device. In some
embodiments, a sample may be provided to the cartridge of the sample processing device.
Alternatively, a sample may be provided to another portion of a sample processing device.
The cartridge and/or device may comprise a sample collection unit that may be configured to

accept a sample.

[6098] A cartridge may include a sample, and may include reagents for use in
processing or testing a sample, disposables for use in processing or testing a sample, or other
materials. Following placement of a cartridge on, or insertion of a cartridge into, a sample
processing device, one or more components of the cartridge may be brought nto fluid
comurunication with other components of the sample processing device. For example, ifa
sample is collected at a cartridge, the sample may be transferred to other portions of the
samaple processing device. Simiarly, if one or more reagents are provided on a cartridge, the
reagents may be transferred to other portions of the sample processing device, or other
components of the sample processing device may be brought fo the reagents. In some
embodiments, the reagents or components of a cartridge may remain on-board the cartridge.
In some embodiments, no fluidics are included that require tubing or that require maintenance

{e.g., mamual or automated maintenance}.

(8499} i embodiments, a cartridge may include a biclogical sample, or may include
two or more biological samples. In embodiments, a biological saraple s froro a subject, and
multiple biological samples may be from a single subject. In alternative embodiments,
raultiple biological samples may be from rultiple subjocts. A cartridge that has one or more
identifier that is readable by the device. The device may include an automated lancing
cartridge. The cartridge may be disposable. One or more disposabic coraponent may be used
to collect a sample from a subject. The disposable component may provide the sample to a
non-disposable device. Alternatively, the disposable component may be the sample

processing device,
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(80166} in embodiments, a cartridge may include a reagent or a plurality of reagents,
and may be configured to allow delivery of saad reageot or reagents to said device. A
cartridge may be configured to deliver a biclogical sample and a reagent to the device. A
carttidge may be configured to deliver a plurality of hiological samples and a reagent to the
device. A cartridge may be configured to deliver a biological sample and a plurality of
reagents to the device. A cartridge may be configured to deliver a plurahity of bislogical
samples and a plarality of reagents to the device. Identification information may include
subject wdentifying information, information based on signals generated related to the sample,
information based on signals generated related to reactions performed with the sample,
information based on signals detected related to the sample, information based on signals
detected related to reactions performed with the saraple, device identification information,
cartridge identification information, component identifying information, and other

information transmitted from the device.

(68161} A sample or reagent carried by a cartridge may be transferred to a device, such
as a sample processing device. A sample or reagent may be transferred within a device. Such
transfer of sample or reagent may be accomplished without providing a continuous flind
pathway from cartridge to device. Such transfer of sample or reagent may be accomplished
without providing a continuous fluid pathway within a device. lo embodiments, such transfer
of sample or reagent may be accomplished by a fluid handling system {¢.g., a pipette); for
example, a saraple, reagent, or aliquot thereof may be aspirated into an open-tipped transfer
component, such as a pipetie tip, which may be operably connected to 8 fhuid handling
systern which transfers the tip, with the sample, reagent, or aliguot thereof contained within
the tip, to a location on or within the sample processing device. The sample, reagent, or
aliguot thereof can be deposited at a location on or within the sarple processing device.
Sample and reagent, or maultiple reagents, may be mixed using a fluid handhiug systemm in a
similar manner. One or more components of the cartridge may be transferred in an automated

fashion to other portions of the sample processing device, and vice versa.

(9162} In embodiments of the devices, systems and methods disclosed herein, a fluid
handling system may be used to transport and deliver a sample solution to a vessel, and to fill
a vessel (either partially or fully) with a sample solution. In embodiments, a fluid handling
systerm comprises a pipetic. A pipette may be configured to accept a pipette tip, ¢.g., to mount
and transport a pipetie tip attached to the pipette. In embodiments, a pipette comprises a

nozzle configured to accept a pipette tip. A pipette may be configured to aspirate a fluid, such
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as a sample solution, into a pipette tip attached to the pipette (e.g., a pipette tip which is
attached to a nozzle of the pipetie). In cmbodiments, a pipetie may be configured to dispense
a fhuid, such as a sample sohution, from a pipette tip attached to the pipette {¢.g., to a nozzle
of the pipette). A pipette may be configured to transmit force to a surface or component of a
device. In embodiments, a pipette nozzle may contact a surface or component of a device,
ctfective to transrmt force to that surface or component. Tn embodiments, a pipette nozzle
may contact a mating recess of a vessel, and, in embodiments, may engage a mating recess of
a vessel. In embodiments, two, or more pipette nozzles may contact mating recesses of a
vessel, and, in embodiments, may engage mating recesses of a vessel. In embodiments, a
pipette of 4 fluid handling systern may be movable, and 1s preferably movable in at least two,
and more preferably 1o three dimensions (¢.g., 1s movable in one, two, or all three of

horizontally, laterally, and vertically).

(60103} A device, such as g sample processing device, may have a fluid handling
systemy. A flutd handling system may perform, or may aid in performing, transport, dilution,
extraction, aliquotting, mixing, and other actions with a fhuid, such as a sample. In some
cmbodiments, a fluid handling system may be contained within a device housing. A fluid
handling system may permit the collection, delivery, processing and/or transport of a fluid,
dissolution of dry reagents, rovang of liquid and/or dry reagents with a Higuid, as well as
collection, delivery, processing and/or transport of non-fluidic components, samples, or
roaterials. The fluid may be a sarople, a reagent, diluent, wash, dye, or any other fluid that
may be used by the device, and may include, but not limited to, homogenous fluids, different
iiquids, enmalsions, suspensions, and other fluids. A fluid handling system, including without
limitation a pipette, may also be used to transport vessels (with or without fluid contained
therein) around the device. The tluid handling systern may dispense or aspirate a fluid. The

saraple may include one or more particulate or solid matter floating within a flnd.

(86164} In embodiments, a fluid handling system may comprise a pipette, pipette tip,
syringe, capillary, or other cornponent. The fluid handling system may have portion with an
intertor surface and an exterior surface and an open end. The fluid handling systerm may
comprise a pipette, which may include a pipette body and a pipette nozzle, and may comprise
a pipette tip. A pipette tip may or may not be removable from a pipette nozzle. In
embodiments, a fluid handling system may use a pipette mated with a pipette tip; a pipette tip
may be disposable. A tip way form a fluid-tight seal when mated with a pipette. A pipette tip

rmay be used once, twice, or more times. In embodiments, a fluid handling system may use a
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pipette or similar device, with or without a pipette tip, to aspirate, dispense, mix, transport, or
otherwise bandle the fluid. The fluid may be dispensed frovo the fluid handhng system when
desired. The fluid may be contained within a pipette tip prior to being dispensed, ¢.g., from
an orifice n the pipette tip. In embodiments, or instances during use, all of the fluid may be
dispensed; in other embodiments, or instances during use, a portion of the fluid within a tip
rnay be dispensed. A pipette may sclectively aspirate a fluid. The pipettc may aspirate a
selected amount of fluid. The pipette may be capable of actuating stirring mechanisms to mix
the fluid within the tip or within a vessel The pipette may incorporate tips or vessels creating
continnous flow loops for mixing, including of materials or reagents that are in non-~liguid
form. A pipette tip roay also facilitate mixture by metered delivery of multiple fluids

simaultaneously or 1n sequence, such as in two-part substrate reactions.

[8G105] The fluid handling system may include one or more fluidically isolated or
hydraulically independent units. For exaraple, the fluid handling systern may inchude one,
two, or more pipette tips. The pipette tips may be configured to accept and confine a fluid.
The tips may be fluidically 1selated from or hydraulically independent of one another. The
flnd contained within each tip way be fluidically 1solated or hydraulically independent from
one fluids in other tips and from other fluids within the device. The fluidically 1selated or
hydrautically 1ndependent units way be movable relative to other portions of the device
and/or one another. The fluidically isolated or hydraulically independent units may be
individually movable. A fluid bandhing system may comprise one or more base or support. A
base or support may support one or more pipette or pipette units. A base or support may

connect one or more pipettes of the fluid handling system to one another.

(60106} A sample processing device may be configured to perform processing steps or
actions on a sample obtained from a subject. Sample processing may include sample
preparation, including, ¢.g., sample dilution, division of a sample into aliquots, extraction,
contact with a reagent, filtration, separation, centrifugation, or other preparatory or
processing action or step. A sample processing device roay be configured to performm onc or
more sample preparation action or step on the sample. Optionally, a sample may be prepared
for a chemical reaction and/or physical processing step. A sample preparation action or step
may inchude one or more of the following: centrifugation, separation, filtration, dilution,
enriching, purification, precipitation, incubation, pipetting, transport, chromatography, cell
lysis, cytometry, pulverization, grinding, activation, ulirasonication, micro columu

processing, processing with magnetic beads, processing with nanoparticles, or other sample
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preparation action or steps. For example, sample preparation may include one or more step
to separate blood mto serum and/or particulate fractions, or to separate any other sample into
varigus components. Sample preparation may include one or more step to dilute and/or
concentrate a sample, such as a blood sample, ot other biological samples. Saruple
preparation may include adding an anti-coagulant or other ingredients to a sample. Sample
preparation roay alse include purification of 4 sample. In crobodiroents, all sample
processing, preparation, or assay actions or steps are performed by a single device. In
embodiments, all sample processing, preparation, or assay actions or steps are perforrned
within a housing of a single device. In embodiments, most sample processing, preparation, or
assay actions or steps arc performed by a single device, and may be performed within a
housing of a single device. In embodiments, many sample processing, preparation, or assay
actions or steps are performed by a single device, and may be performed within a housing of
a single device. ln embodiments, sample processing, preparation, or assay actions or steps

may be performed by more than one device.

(66167 A sample processing device may be configured to run one or more assay on a
saraple, and to obtain data from the sarople. An assay way mclude one or more physical or
chemical treatments, and may include ranning one or more chemical or physical reactions. A
sample processing device may be configured to perform one, two or more assays on a small
sample of bodily flmid. One or more chemical reaction may take place on a sample having a
volurueg, as described elsewhere herein. For exarople one or more chemical reaction may take
place in a pill having less than femtoliter volumes. In an instance, the sample coliection unit
is configured to receive a volume of the bodily fluid sample equivalent to a single drop or
less of sample or interstitial fluid. In embodiments, the volume of a sample may be a small
volurne, where a small volume may be a volume that 18 less than about 1000 ul, or less than
about 500 ul., or less thav about 250 ul., or less than about 150 L, or less than about 100
ul, or less than about 75 pl, or less than about 50 pl, or less than about 40 uL, or less than
about 20 pL, or less than about 10 ul, or other small volurae. In ermobodiments, all sample
assay actions ot steps are performed by a single device. In embodiments, sample processing,
preparation, or assay actions or steps may be performed by more than one device.

(86168} A sample processing device may be configured to perform a plurality of
assays on a sample. In embodiments, a sample processing device may be configured to
perform a plarality of assays on a single sample. A plurality of assays may be run

stimultaneously; may be run sequentially; or some assays may be run simultancously while
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others are run sequentially. One or more control assays and/or calibrators {(e.g., including a
configuration with a control of a calibrator for the assay/tests) can also be incorporated into
the device; control assays and assay on calibrators may be performed simultancously with
assays performed on a sarople, or may be performed before or after assays performed on a
sample, or any combination thereof. In embodiments, many sample assay actions or steps, of
a plurality of assays, are performed by a single device, and may be performed within a
housing of a single device. In embodiments, sample processing, preparation, or assay actions

or steps may be performed by more than one device.

(001991 fn embodiments, devices, and systems and methods comprising or using such
devices, may comprise a detector configured to detect analyte in a sample. A detector may be,
for cxample, an optical detector, such s a spectrophotometer, a photomultiphier, a charge-
coupled device, a camera, or other device or system counfigured to detect a light-based signal
indicative of the presence of a analyte. In crobodiments, a detector may be configured to, or
be effective to, detect a signal comprising chemiluminescence, luminescence, fluorescence,
absorbance, transmittance, turbidity, a color change, or other change in light, whether
emitted, transrtted, or absorbed, effective to signal the presence of a analyte in a sarople. In
embodiments, a detector may comprise an electrochemical detector, or a temperature sensor,
or 4 pH sensor, or a radiation sensor, or an on-sensiiive electrode, or other sensor capable of

detecting the presence of a analyte in a sample.

[60118] Methods for detecting analyte include assays for detecting nucleic acids {e.g.,
DNA or RNA), assays for detecting peptides and proteins (including glycoproteins), assays
for detecting other pathogen-related molecules, compleoment fixation assays,
hemagglutination assays {e.g., for influenza), and other assays. Methods for detecting nucleic
acids may be termed “nucleic acid assays” and include polymerase chain reaction (PCR)
racthods (including quantitative PCR (gPCR), reverse-transcriptase PCD (RT-PCR), “real-
time” PCR, one-step PCR, two-step PCR, and other methods known in the art. Methods for
detecting peptides and proteins include “antibody-based assays” such as, ¢.g., cnzyme
immuneassays such as Enzyme-Linked ImmunoSorbent Assays (ELISAs) and other assays
utilizing antibodics or antibody fragments, complement-based reactions, measureracnt of
absorbance of ultraviolet or other frequency of light, assays utilizing specific receptor-ligand
interactions, and other assays known in the art. Assays for detecting other pathogen-related
molecules meclude assays for bacterial sugars and lipids {e.g., bactenial lipopolysaccharide

{LPS)), and other assays known in the art. A detector for use with such assays may be an



WO 2014/160891 PCT/US2014/032071

optical detector, a pH detector, an electrochemical detector, a temperature sensor, an ion-

sensitive electrode, a radiation detector, or other detector.

[8G111] A sample processing device may be configured to detect one or more signals
relating to the samaple. A saraple processing device roay be configured to identify one or more
properties of the sample. For 1nstance, the saropie processing device may be counfigured o
detect the presence or concentration of one analyte or a plurality of analytes or a discase
condition ju the sample (e.g., in or through a bodily fluid, secretion, tissue, or other sample).
Alternatively, the sample processing device may be configured to detect a signal or signals
that may be analyzed to detect the presence or concentration of one or wore analytes (which
may be indicative of a disease condition) or a discase condition in the sample. The signals
rnay be analyzed on board the device, or at another location. Running a clinical tost may or

may not include any analysis or comparison of data collected.

(86112} A chemical reaction or other processing step may be performed, with or
without the sample. Exarples of steps, tests, or assays that roay be prepared or run by the
device may include, but are not limited to immunocassay, nucleic acid assay, receptor-based
assay, cytometric assay, colorimctric assay, enzymatic assay, electrophoretic assay,
electrochemical assay, spectroscopic assay, chromatographic assay, microscopic assay,
topographic assay, calorimetric assay, turbidmctric assay, agglutination assay, radioisotope
assay, viscometric assay, coagulation assay, clotting time assay, protein synthesis assay,
histological assay, culture assay, osmolarity assay, and/or other types of assays,
centrifugation, separation, filiration, dilution, enriching, purification, precipitation,
pulverization, incubation, pipetting, transport, celi lysis, or other sample preparation action or
steps, or combinations thercof, Steps, tests, or assays that may be prepared or run by the
device may include imaging, including microscopy, cytometry, and other techniques
preparing or utilizing images. Steps, tosts, or assays that may be prepared or run by the device
may further include an assessment of histelogy, morphology, kinematics, dynamics, and/or

state of a4 sample, which may include such assessment for cells.

(60113} A device may be capable of performing all on-board steps {e.g., steps or
actions performed by a single device) prior to the performance of a reflex test in a short
amount of time. A device may be capable of performing all ou-board steps on a single sample
in a short amount of time prior to the performance of a reflex test. For exarple, from sample
colection from a subject to transmitting data and/or to analysis prior to the performance of a

reflex test may take about 3 hours or less, about 2 hours or less, about 1 hour or less, about 50
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minutes or less, about 45 minutes or less, about 40 minutes or less, about 30 minutes or less,
about 20 minutes or less, about 15 minutes or less, about 10 minutes or less, about S minutes
or less, about 4 minutes or less, about 3 minutes or less, about 2 minutes or less, or about 1
minute or less. The amouut of tume frow accepting a sample within the device to transmitting
data and/or to analysis from the device regarding such a sample may depend on the type or
number of steps, tosts, or assays performed on the sample. The amount of time from
accepting a saraple within the device to transmitting data and/or to analysis from the device
regarding such a sample, prior to the performance of g reflex test, may take about 3 hours or
less, about 2 hours or less, about | hour or less, about 50 minutes or less, about 45 minutes or
fess, about 40 minutes or less, about 30 minutes or less, about 20 minutes or less, about 15
rnutes or less, about 10 minutes or less, about 5 minutes or less, about 4 minutes or less,

about 3 minutes or less, about 2 minutes or iess, or about 1 minute or less.

(60114} A device may be configured to prepare a sample for disposal, or to dispose of

a sample, such as a biological sample, foliowing processing or assaying of a sample.

(63115} In embodiments, a sarapie processing device may be configured to transmit
data obtained from a sample. In embodiments, g sarapie processing device may be configured
to communicate over a network. A sample processing device may include a communication
module that may mterface with the network. A saraple processing device may be connected
to the network via a wired connection or wirelessly. The network may be a local area
network (LAN) or g wide arca network (WAN) such as the ternet. In some embodiments,
the network may be a personal arca network. The network may wmchude the cloud. The
sample processing device may be connected to the network without requiring an intermediary
device, or an intermediary device may be required to connect a sample processing device to a
network. A sample processing device may communicate over a network with another device,
which may be any type of networked device, inchuding but not himited to a personal
computer, server computer, or iaptop computer; personal digital assistants (PDAs) such as a
Windows CE device; phones such as cellular phones, smartphones {e.g., iPhone, Android,
Blackberry, etc.}, or location-aware portable phones (such as GPS); a roaming device, such as
a network-connected roaming device; a wireless device such as a wireless cmail deviee or
other device capable of communicating wireless with a computer network; or any other type
of network device that may communicate possibly over a network and handle clectronic

transactions. Such comomunication may include providiog data to a cloud computing
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infrastructure or any other type of data storage infrastructure which may be accessed by other

devices.

(86116} A sample processing device may provide data regarding a sample to, e.g., a
health care professional, a health care professional location, such as a laboratory, or an
affiliate thereof. Ouve or more of a laboratory, health care professional, or subject may have a
network device able to receive or access data provided by the sample processing device. A
samaple processing device may be configured to provide data regarding a sarople to a
database. A samiple processing device may be configured to provide data regarding a sample
to an electronic medical records system, to a laboratory information syster, to a laboratory
automation systern, or other system or software. A sample processing device may provide

data 1 the form of a report.

[86117) In erobodiroents, devices, and systems and methods coraprising or using such
devices, may comprise a controller. In embodiments, a controlier may comprise a processor.
In evobodiments, a controller may be conuected to, and may control the operation of,
components of a device; such components are typically disposed within a housing of the
device. In emnbodiments, a controller may control the operation of a fluid handling system. In
embodiments, a controller may control the operation of a detector. In embodiments, a
controller may control the operation of any component or unit of the device. Other
components may inchude, for example, a camera, a chemistry assay unit, a nucleic acid assay
unit, a heating unit, a comraunication unit, a protein chemistry unit, or other component or
unit. In embodiments, a controller may coutrol the operation of one or more coraponents of a
device according to a protocol. In embodiments, a protocol by which a controller controls the
operation of any one or more component or unit of a device roay be preprogramraed, ¢.g.,
may be resident on the device. In embodiments, a protoco! by which a controlier controls the
operation of any onc or more component or unit of a device may be obtained from another
device, or from a user, or from a laboratory, or from a network, or from the cloud. In
embodiments, a protocol by which a controller controls the operation of any one or more
component or unit of a device may be updated, or may be updatable, according to
mformation or nstructions from another device, or frorn 8 user, or from a laboratory, or from
a network, or from the cloud. In embodiments, a device may receive information, or
instructions, or updates, or protocols, via a user interface. In embodiments, a device may

recerve information, or instructions, or updates, or protoceols, via a communication assembly.
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[06118] in embodiments, devices, and systerns and methods comprising or using such
devices, may coraprise a display effective to provide a user with 1nformation regarding the
operation of the device, information regarding the progress of an assay performed by the
device, or information regarding the results of an assay performed by the device. In
embodiments, a display may comprise a visual display, or may comprise a printed display, or
rnay coraprise an audio signal, which may include an audio signal understandable as speech
by a user, or may comprise any combination or all of such displays. In embodiments, a
display ruay comprise a user interface. In embodiments in which a display coraprises a user
interface, a device may receive, e.g., information, commands, protocols, or other input. For
example, & user interface roay comraunicate a request for a sceond, or subsequent, biological
sample. For example, a user interface roay communicate instructions regarding obtaining a
second, or subsequent, bislogical sample.

60319 fn embodiments, devices, and systems and methods comprising or using such
devices, may comprise a communication assembly effective to communicate with one or
more of a user, another device, a laboratory, a network, the cloud, or other communication
target. In embodiments, a commumication assembly may provide a communication target
with information regarding the operation of the device, information regarding the progress of
an assay performed by the device, or information regarding the results of an assay performed
by the device. In erabodiments, a cormrmunication asserobly may be configured to allow a
device to receive, ¢.g., information, commands, protocels, or other input from an outside
source, such as, e.g., a user, another device, a laboratory, a network, the cloud, or other
courunication source.

(60126} in embodiments, a protocol may inchide instructions regarding one or more of!
preparation of a sample; preparation of a plurality of samples; performing a chemical
reaction; performing a plurality of chemical reactions; sequence of performing a plurality of
chernical reactions; performing a clinical test; performing a plurality of clinical tests;
sequence of performing a plurality of clinical tests; detecting the presence of an analyte;
detecting the presences of a plurality of analytes; sequence of detecting the presences of @
plurality of analytes; detecting the concentration of an analyte; detecting the concentrations of
a plurality of analytes; sequence of detecting the concentrations of a plurality of analytes; pre-
processing data; and sequence of steps in processing data. In erabodiments, protocol
information may be changed according to transmitted data obtained from said biological

saraple within said housing of said device according to said protocol.
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(06121} Embodiments of the methods and assays disclosed herein are further described
in the following examples.

Example I — HIV Assavs

{68122} Assays for the detection of human immunodceticiency virus (HIVYin a
biological sample typically report negative vesults, 1.e., no HIV is detected in the sample.
However, since detection of the virus in a biological sample is of such importance, and may
have such dire consequences for the subject frova whom the sample was obtained, Applicant
discloscs methods for performing confirmatory follow-up testing on the basis of positive
resulis to an initial assay. In embodiments, such confirmatory follow-up testing ruay be
performed prior to reporting positive assay results to a health-care provider or to a subject. In
embodiments, such confirmatory follow-up testing may be performed concurrent with, or

following, the reporting of positive assay results to a health-care provider or to a subject.

160323] in embodiments, an anti-HIV antibody screening test may be performed on a
biological sample obtained from a subject; for example, an anti-HIV antibody screening test
may be performed on a sample of blood obtained from a subject. In embodiments, an anti-
HIV antibody screening test may be performed on a sample of 4 bodily fluid obtained from a
subject other than a blood sample; such a sample may be, for example, a sample of urine,
sputurn, semen, fears, interstitial fluid, a sample obtained from a nasal swab, a sample
obtained from a throat swab, a sample obtained from a vaginal swab, or other sample. In
cmbodiments, a sutficient arnount of a biological sample is obtained 50 as to allow the
automatic reflex testing of the sample, or of a portion of the sample, without need to obtain a
further sample in order to perform a further assay. In embodiments, only the amount of a
biological samiple needed for an initial assay or assays is obtained; i such an embodiment, a
further biological sample must later be obtained if needed in order to perform a further assay

contingent on the results of an intial assay.

[8¢124) For example, an antibody-based assay may comprise contacting a saraple with
a substrate to which antibodics specific for a target antigen are bound. In embodiments of
such an antibody-based assay, the sample may be mixed, or diluted, with a reagent containing
a known amount of labeled conjugate, where the labeled conjugate binds the bound
antibodies. For example, the labeled conjugate may be a conjugate comprising the target
analyte covalently linked with a detectable label. The mixture of sample and reagent may be
then added to a chamber containing the substrate to which the antibodics are bound, and left

to incubate for a sufficient time for target analyte, and analyte-conjugate, to bind to the
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substrate. Following the incubation period, the chamber may be washed with a washing
solution, in order to wash out any reroaining unbound analyte and unbound analyie-
conjugate. After washing, the amount of labeled conjugate bound to the substrate may be
deterroined, and the amount of target analyte in the sample determined. Sach a determination
may be made, ¢.g., by comparison with the amount of labeled conjugate bound in the absence
of any target, and optionally by comparison with the amount of labeled conjugate bound in
the presence of one or more known amounts of, or otherwise by comparison with control
values, such as with a control curve. For example, after washing, a reagent sllowing the
detection of the label may be added to the chamber {e.g., where the label is an
chemilurninescent label which emits light in the presence of g substrate, the reagent allowing
the detection of the label may comprise the required substrate).

{88125} i embodiments, the anti-HIV antibody screening test may comprise an anti-
HIV-1 antibody screening test. In embodiments, the anti-HIV antibody screening test may
comprise an anti-HIV-2 antibody screening test. In embodiments, the anti-HIV antibody
screening test may coraprise an anti-HIV-1 and an anti-HIV-2 antibody screening test. In
embodiments, the possible results of such an assay may comprise a result reporting that the
sample 18 negative for the presence of HIV-1, and may comprisc a result reporting that the
sample is positive for the presence of HIV-1; in such embodiments, a normal result comprises
a resulf reporting that the sample is negative for the presence of HIV-1. In embodiments, the
possibie resuits of such an assay may comprise a result reporting that the sample is negative
for the presence of HIV-2, and may comprise a result reporting that the sarmple is positive for
the presence of HIV-2; in sach embodiments, a normal result comprises a result reporting that

the sample is negative for the presence of HIV-2.

(06126} As disclosed herein, where the result of such a test comprises a result that the
saraple is negative for the presence of HIV-1, or negative for the presence of HIV-2, no
further HIV test 1s automatically performed. As disclosed herein, where the HIV test
comprises testing for the presence of both HIV-1 and HIV-2, and the result of such a test
comprises a result that the sample is negative for the presence of HIV-1 and is negative for
the presence of HIV-2, no further HIV test is automatically performed.

(84127} As disclosed herein, where the result of such a test comprises a result that the
sample is positive for the presence of HIV-1, or is positive for the presence of HIV-2, or is
positive for the presence of both HIV-1 and HIV-2, a further HIV test is automatically

performed. Such a further HIV test may be performed on the same sample, or on an
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additional sample. In embodiments where the further HIV test 18 performed on an additional
saruple, the additional sample may be, or may be obtained from, a sample that was oniginally
obtained from the subject; or, in embodiments, a further sample may be obtained from the

subject and used for the further HIV test,

001281 fn embodiments, where a further HIV test 1s automatically performed
subsequent to a positive result obtained from an initial HIV test, the further HIV test may
comprise a nucleic acid assay. For exarople, in embodiments, where a further HIV test is
automatically performed subsequent to a positive result obtained from an initial HIV test, the

further HIV test may coraprise a Western Blot HIV test.

(401291 In embodiments, the possible results of such a further HIV test may comprise
a result reporting that the sample is negative for the presence of HIV-1, or is negative for the
presence of HIV-2, or 1s negative for the presence of both HIV-1 and HIV-2. In such
embodiments, a normal result comprises a result reporting that the sample is negative for the
presence of HIV. As disclosed herein, where the result of a further HIV test comprises a
result that the sample is negative for the presence of HIV-1, or negative for the presence of
HIV-2, no further HIV test 1s automatically performed. Such results may be reported to a
health-care provider, or to a subject, if appropriate, as indicating that the biological sample

obtained from the subject is free of HIV.

001361 However, 1o embodiments, results of such a further HIV fest may comprise a
result reporting that the sample is positive for the presence of HIV-1, or is positive for the

presence of HIV-2, or 18 positive for the presence of both HIV-1 and HIV-2.

HTEREE: However, where the result of a further HIV test comprises a result that the
sample 18 positive for the presence of HIV-1, or positive for the presence of HIV-2, such a
result indicates that HIV was present 1n the biological sample obtaimed frorn the subject.
Accordingly, such results indicate that the subject may suffer from HIV. Such results may be
reported to a health-care provider, or to a subject, it appropriate, as indicating that the

biological sample obtained from the subject contains HIV.

{86132} Additional testing may be indicated in the event of a positive result for either
HIV-1 or HIV-2. For example, since HIV is a disorder of the immune system, cylometric
testing directed to blood, and particularly to white blood cells, in which the blood cells in a
sample of blood obtained from a patient, may be performed contingent on positive HIV

results. Examples of cytometric tests are provided herein in a subseguent example.

3G,



WO 2014/160891 PCT/US2014/032071

Example 2 — White Blood Cell Count Assavs

(80133} In erobodirnents, an tnitial assay may be an assay for the determination of the
white blood cell count of a sample of blood obtained from a subject. For example, white
blood cell count may be obtained as part of a complete blood cell count. A white blood cell
count assay roay determine that the white blood cell count of blood obtained from a subject
falls outside a normal range, ¢.g., may be below about 2000 cells per microliter (uL). Where
an indtial white blood cell count assay result determines that the white blood cell count of a
blood sample is cutside of a normal range, a reflex blood test may be reguired. Accordingly,
Apphicant discloses methods for performing confirmatory follow-up testing o the basis of
white blood cell count results that fall outside of a pre-determined range. In embodiments,
such confirmatory follow-up testing may be performed prior to reporting the initial white

blood cell count results to a health-care provider or to a subject.

[66134] For example a normal range for an adult male subject {e.g., a male subject
over the age of 12) roay be between 3200 white blood cells/ul. and 10,600 white blood
cells/ul. If the result of an initial test is that a blood sample has a white blood cell count of
icss than 2000 white blood cells/uL (c.g., a white blood cell count of 1800 cells/ul), then g
reflex blood test may be performed. Such a reflex blood test may comprise cytometric
examination of the blood of the subject, such as a cytometric examination of white blood
cells in a sample of blood from the subject. In embodiments, the sample of blood examined in
the reflex assay may be a portion of the sample of blood that was exarmined in the nitial test,
e.g., where a portion of the sample was retained for further testing. In embodiments, the
sample of blood examined in the reflex assay may be a sample of blood that was obtained at
the sarme time as the saraple of blood that was examined in the mitial test, e.g., where a
second blood sample was obtained and retained for further testing. In embodiments, a
subsequent sample of blood may be obtained from the sabject for reflex testing at a tivae after
the time at which the initial sample of blood was obtained. In embodiments, the subsequent

sample of blood may be obtained following determination of the results of the initial assay.

(60135} As discussed 1o more detail m the following Example, an astomatic cytometric
assay may be used to identify, quantify, and classify white blood cells in a sample. Blood
samaples may be pre-treated so as to avoid interference by red blood cells and platelets, e.g.,
by causing swelling and lysis of red blood cells and platelets, allowing white blood cells to
settle and attach to a substrate, or by other means. White blood cells may be contacted with

one or more labels specific for cell markers, which are thus useful for identifying and
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classifying the white blood cells. Such labels may include labels, such as fluorescent labels,

to case the detection of the labels and of cells labeled thereby.

Example 3 - Cviomelry

{88136} Assays and tests that may be contingent on the results of an initial test may
include assays and tests that obscrve and describe cells i a biological sample, including
assays and tests that identify cells, that determine the numbers of cells of one or more
populations of cells, or that determine whether or not abnormal cells are present, or whether
or not abnormal numbers of a cell type or cell types are present. Such tests and assays may

utilize cytometry.

(691371 Cytometry may include preparing and analyzing two-dimensional images of
cells in a biological samiple, where the cells are labeled {(e.g., with fluorescent,
chemilurninescent, enzymatie, or other labels) and plated {c.g., allowed to settlc on a
substrate} and imaged by a camera. The camera may include a lens, and may be attached to or
used in conjunction with a raicroscope. Cells may be identified in the two-dimensional

images by their attached labels (e.g., from light emitted by the labels).

[¢9138] 80 microliters of whole blood obtained from a fingerstick was loaded into a
capped vessel preloaded with 2 mg/mi EDTA. The capped vessel was contrifuged at 1200 x g
for 5 minutes, to separate the blood cells from the blood plasma. Centrifugation of the capped
vessel resulted in the separation of the blood sample in the capped vessel into two major
components (from top of the capped vessel to the bottom): 1) blood plasma and 2) packed
blood cells. This process ensures that no droplets of blood remain isolated, but coalesce with
the main body of the hiquid. In addition, this process separates the cells from elements of the

plasma thus reducing metabolism and allowing for longer storage of the sample.

(60139} The centrifuged capped vessel was loaded into a cartridge containing rultiple
fluidically isolated reagents, tips, and a cytometry cuvette. The cartridge contained all the
reagents required for the assay. The cartridge was loaded into a device equipped with at least
a centrifuge, a pipetie and a platform to load the cuvette. The pipetie in the device has a

plurality of nozzles, some nozzles being of a different size than some other nozzies.

(09146} Inside the device, a nozzle on the pipette was lowered on a cuvette carrier tool
causing it to engage a corresponding hole on the carrier tool. This tool was subsequently

roved to the cartridge and lowered on the eytometer cuvette. Pins on the tool were then able
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to engage corresponding holes on the cuvette and pick it up. The cuvette was transferred to a

ioading station elsewhere 1o the device.

1061413 Next, inside the device, a larger nozzle of the pipette was lowered into the
cartridge to engage a pipette tip stored in the cartridge. The pipette and tip together were then
used to mx the cells and plasroa in the capped vessel by positioning the pipette tip within the
sample in the capped vessel and repeatedly aspirating material into and dispensing material
from the tip. Once the cells were resuspended in the plasma so that the whole blood sample
was thoroughly mixed, 5 microliters of the mixed whole blood was aspirated to provide an
aliquot for measurernents of properties of the blood sample. This S microliter aliquot was
used for measurements directed to the red blood cells and platelets in the sample. As
discussed below, a portion of the sample remaining after removal of this 5 microliter aliguot

was used for measurements directed at white blood cells in the sample.

{88142} The 5 microliters of whole blood was dispensed into a vessel containing a
mixture of phosphate buffered saline and 2% by weight of bovine seram alburin, to dilute
the whole blood twenty-fold (resulting in 100 microliters of diluted sample). After mixing
vigorously, 5 microliters of this sample was transferred to another vessel containing a
cocktail of labeling antibody reagents: anti~-CD2352 conjugated to alexa-fluor 647 (AF647),
anti-CD41 and anti-CD61 conjugated to phycoerythrin (PE). The mixture was incubated for 5
minutes. Subsequently, 10 microliters of this mixture was mixed with 90 microliters of a
buffer containing a zwitterionic surfactant at <0.1% by weight. The surtactant molecules
roodity bending properties of the red cell membrane such that all cells assume a stable
spherical shape. This transformation is isovolumetric as the buffer used is isotonic with
cytoplasm and no exchange of flnd can occur across the cell voembrane. After incubating this
for another 2 minutes, 30 microliters of this solution was mixed with a solution containing
glutaraldehyde, a fixative and non-fluorescent beads of 10um diameter. The mixture had a
final concentration of 0.1% ghutaraldehyde and 1000 beads per microliter. Glutaraldehyde

rapidly fixes cells thus preventing cell lysis and other active bislogical processes.

(69143} The pipette then engaged a tip 1o the cartridge, aspirated 7 microliters of the
above mixture of and loaded the 7 microliters into a channel within the cuvette placed on a
platform with the carrier tool. After the mixture was loaded 10 into cuvette, the pipetie
aspirated 10 microliters of mineral oil from a vessel in the cartridge, and placed a drop of
mineral o1l on both open ends of the loaded channel of the cuvette. Mincral o1l was added to

the ends of the open channel to prevent evaporation of Hquid from the loaded cuvetie
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channel. Next, the device-level sample handling apparatus engaged the cuvette carrier /
cuvetie combination, and transported the cuvette carrier / cuvetie combination from the
module containing the cartridge to the cytometry module of the device. At the cytometry
maodule, the device-level saraple handling apparatus placed the cuvetie carrier / cuvette
combination on the microscopy stage of the cytometry module. The time required for these
operations, in addition to a 2 minute wait time allowed the swollen cells to settle to the floor

of the cuvette prior to Imaging.

[80144] After the cuvette carrier/cuvette was placed on the microscopy stage, the
stage was moved to pre-determined location so that the optical system of the cytorneter could
view onc end of the channel containing the sample. At this location, the optical system
relayed mages of the sample acquired with darkficld illumination from a ringlight. These
images coupled with actuation of the optical system on an axis perpendicular to the plane of
the cuvette were used to find the plane of best focus. Once focused, the optical system was
used to acquire fluorescence images of the sample at different wavelengths, commensurate
with the fluorophores that were being used. For example, to visualize red blood cells that had
been labeled with anti-CD235 conjugated to alexa fluor 647, a red (630 nro wavelength) light
source was used to excite the sample and wavelengths between 650nm and 700nm were used
to image the sample. A combination of a polychrote rvoirror and a bandpass cmission filter
was used to filter out unwanted wavelengths from the optical signal. Since the cells had
settled on the floor of the cuvette, images at a single plane of focus were sufficient to

visualize all cells in the region.

{80145} Data from the images was processed by a controller associated with the
sample processing device. The frage processing algorithms employed here utilized
fluorescence images of celis to detect them using a combination of adaptive thresholding and
edge detection. Based on local intensity and mteunsity gradients, regions of interest {Rol} were
created around each cell. Using darkfield images, beads in the sample were also identified
and Rels were crcated around the beads. All the Rols m cach field of view were cnumerated
and their intensity in each image of that field of view were calculated. The information cutput
by the image processing algorithm consisted of shape or morphometric measurements and
fluorescence and darkfield intensities for each Rol. This information was analyzed using
statistical methods to classify cach object as cither a red blood cell {positive for CD2335a, but
negative for CD41/CD6T), a platelet (positive for CD41/CD61 and negative CD235a)or a

bead. The shape descriptors such as perimeter, diameter and circularity were used to calculate
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the volume of each red blood cell and platelet. Since the beads were added at a known
concentration, the average ratio of beads to cells over the whole chanoel was used to calculate
cell concentration in terms of celis/microliter. Based on the steps performed for processing
the saraple, this concentration was corrected for dilution to arrive at concentration of cells in
the original whole blood sample. The following quantities were calculated from a sample: 1)
number of red blood cells in the cuvette; 2) average volume of red blood cells in the cuvette;
3} red blood cell distribution width (RDW) of red blood cells in the cuvette; 4) number of
platelets in the cuvette; and 5) average volume of platelets in the cuvette. Based on these

calculations, the following was calculated for the original blood sample.

Measured Value Result | Exemplary Range
Concentration of red blood cells (million cells per 4.8 4-6

microliter)

Mean volume of red blood cells, femtoliter 88 R0O-100

red blood cell distribution width (RDW), (%) 12 11-14.6
Conceuntration of platelets (thousand cells per microhter) | 254 150-400

Mean volurue of platelets, feratoliter 10.4 7.5-11.5

{80146} After rernoval of the 5 microliter aliguot used for analysis of RBC and platelct
information, the remaining 75 microliters of sample was used to analyze the white blood cell
population of the whele blood sample. The remaining 75 microliters of whole blood had also
been mixed by repeatedly aspirating and dispensing the sample within the same the vessel by
the pipette. Approximately 40 microliters of the remaining 75 microliters of mixed whole
blood was aspirated into a pipette tip, and transferred by the pipette to a centrifuge tube in the
cartridge. The centrifuge tube containing the blood sample was engaged by the pipette, and
transferred to and deposited in a swinging bucket 1o a centrifuge within the module. The
centrifuge was spun to provide 1200 x g for 3 minutes, separating the blood into EDTA-
countaining plasma as the supernatant and packed cells in the pellet.

[8G147] After centrifugation, the centrifuge tube was removed from the centrifuge and
returned to the cartridge. The plasma supernatant was removed by the pipetie and transferred
to a separate reaction vessel in the cartridge. From a reagent vessel in the cartridge, 16
raicroliters of resuspension buffer was aspirated by the pipette, and added to the ccli pellet in
the centrifuge tube. The pipette then resuspended the cell pellet in the resuspension buffer by

repeatedly aspirating and dispensing the muxture in the centrifuge tube. Next, the pipetic
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aspirated 21 microliters of the resuspended whole blood and added it to another vessel
containing 2 microfiters of anti CD14-pacific blue and DRAQS®, mixed, and incubated for 2
mimutes. Twenty microliters of this mixture was then added to 80 microliters of a tysis buffer.
The lysis buffer is a solution of a gentle surfactant such a saponin in conjunction with a
fixative such as paraformaldehyde. The detergent causes a large number of holes to be
formed in the membrances of cells, Red blood cells, due to their unique membrane propertics,
are particularly susceptible to this hole formation and lyse completely, their contents leaking
out into the liguid around. Presence of the fixative prevents unintentional lysis of the white
blood celis. Platelets also remain unlysed. The purpose of this step is to remove red blood
cells from the mixture as they cutnumber white blood cells by about 1000:1. Platelets do not
interfere with iroaging and hence are irvelevant to this process. The Lysis buffer also
contained 10 uM non-fluorescent beads at a known concentration.

001481 After a S minute incubation, the vessel was spun again at 1200 x g for 3
minmutes. The supernatant was aspirated by a pipette tip, removing the red blood cell ghosts
and other debris, and deposited into a waste area n the cartridge. Approximately 15
microliters of Hauid with packed white blood cells were present in the cell pellet.

[60149] I order to determine a rough approximation of the nuraber of white blood
cells present in the cell pellet, the pipette first resuspended the white blood cells in the vessel
and then aspirated the hquad, transferred it to spectrophotometer in the blade The white blood
cell suspension was illuminated with light at a wavelength of 632 o, which is the excitation
wavelength for alexa fluor 647 dye and DRAQS”. The light emitted by the cell suspension
was filtered by a 650 nm long pass filter and measured n the spectrophotometer. This
measurement was correlated with previously generated calibration curve to estimate a rough
concentration of white blood cells in the cell suspension. Typically, cell concentrations
ranged from about 1000 cells per microliter to about 100,000 cells per microliter. This
estimate was used to calculate an appropriate dilution factor to ensure that the concentration
of cells in the cuvette was constrained to within a two-fold range around a pre-defined target
concentration. The purpose of this step was to ensure that cclls are not present at too high or
too low a density on the cuvette. I the cell deusity is too high, the accuracy of image
processing algorithims is compromised, and if the cell density is too low, an insufficient
number of cells are sampled.

(80156} Based on the dilution factor calenlated in the above step, a diluent containing
iabeled antibodies against CD45 {pan-leukocyie marker), CD16 (neutrophil marker) and
CD123 (basophil marker} was added to the cell suspension and mixed.
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30151 Once the cuvette in complex with cuvette carrier was placed on the cuvette
carrier block, 10 microliters of the mixture of white blood cells resuspended in cytometry
buffer was loaded into cach of two channels in the cuvette. After the mixture was loaded mto
channels of the cuvette, the pipette aspivated 10 ul of roineral o1l from a vessel in the
cartridge, and placed a drop of mineral oil on both open ends of both channels in the cuvette
ioaded with white blood cells.

(86152} Next, the device-level sample handling apparatus engaged the cuvette carrier /
cuvette cornbination, and transported the cuvette carrier / cavette corabination from the
meodule containing the cartridge to the cytometry module of the device. At the cytometry
module, the device-level sample handling apparatus placed the cuvette carrier / cuvette
combination on the microscopy stage of the cytometry module. After the cuvette carrier /
mn@ﬁemmspkwedﬁntheHﬁmmﬁmpysmgqtheﬁw@chmnmh{ﬁﬁhecuwﬁwcmnmhﬁngmhﬁe
blood cells were imaged as described above for the RBC / platelet vaixture.

[06153] Darkficld images of the white blood cells were used to count the numbers of
cells 1o g field (as shown in Fig. 1A). Cell surface markers were used to determine the cell
type of individual white blood cells in an image; for example, CD14 marks monocytes;
CD123 marks basophils; CD16 marks neutrophils; and CD45-AF647 were used to mark all
ieukocytes (Figs. 1B-1E}. The nuclear stain DRAQS5™ was used to mark celf nuclei, and so to
differentiate nucleate cells (such as white blood cells) from mature red blood cells, which
have no nucleus.

[88154] The image processing algorithms employed here utilized fluorescence images
of cells to detect them using a combination of adaptive thresholding and edge detection.
Based on local intensity and intensity gradients, boundarics of regions of interest (Rol) were
created around each cell. Using darkfield ivoages, beads n the sample were also identified
and Rol boundaries were created around the beads. All the Rols in each field of view were
enumerated and their infensity in cach iruage of that ficld of view were caleulated. The
information output by the image processing algorithm consisted of shape or morphometric
racasurcments and fluorcscence and darkfield intensitics for cach Rol. This information was
avalyzed using statistical roethods to classify cach object as a lymphocyte, monocyte,
basophil, cosinophil, neutrophil or a bead. Bascd on enumeration of cells of different types,
the corresponding bead count and the dilution ratio implemented during sample processing,
an absolute concentration of cells per microliter of original whele blood was calculated. Thig
was calculated for all white blood cells and each subtype, and reported as both absolute
concentration {cells per microlitery and proportion (%).
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[80155] Examples of images and plots of results of such measurements are presented

in Figs. 1, 2, and 3.

[8G156] Fig. 1 shows representative images of blood cells from a sample of whole
blood; these fimages were taken using different imaging techniques and dyes. The image
shown in Fig. 1A was taken of cells from whole blood using dark-field illuraination. The
image shown in Fig. 1B was taken of cells from whole bloed showing fluorescence from anti-
(D14 antibodies labeled with PAC Blue dye; the fluorescent cells are monocytes. The image
shown in Fig. 1C was taken of cells from whole blood showing fluorescence from anti-

CD 123 antibodies labeled with PECyYS dye; the fluorescent cells are basophils. The image
shown in Fig. 1D was taken of cells from whole blood showing fluorescence from anti-CD16
antibodies labeled with PE dye; the tluorescent cells are neutrophils. The image shown in Fig.
TE was taken of cells from whole blood showing fluorescence from anti-CD45 antibodies
iabeled with AF647 dye; all leukocytes tluoresce under these conditions. The image shown in
Fig. 1F was taken of cells from whole blood dyed with DRAQS” to stain cell nuclei. Thus,
icukocytes and platelets are stained and fluoresce under these conditions, but red blood cells

{lacking nuciei) are not stained and do not fluoresce.

[BG1ST] Fig. 2 shows a representative compaosite image of cell-types in whole blood
from iraages ascquired according to the methods disclosed herein. Images of a monocyte
{labeled and seen in the upper left quadrant of the figure, with a reddish center surrounded by
a blue-purple ring), a lyrmaphoeyte {labeled and scen in the center of the figure, with g bright
red center surrounded by a divomer red ring), an eosinophil (labeled and seen in the lower left
quadrant of the figure, with a green center surrounded by a red border), and a neutrophil
{labeled and seen in the lower right quadrant of the figure, with a green center surrounded by
a yellow and green border} are shown in the figure.

[80158] 1t 1s of mterest to identify and quantity various cell types found in such blood
samples. There may be multiple ways to approach such a classification process, which, in
some ermbodirnents, raay be considered as being a statistical problern for multi-dimensional
classification. It will be understood that a wide variety of methods are available in the ficld to
solve these types of classification problems. A particular embodiment of such an analysis is
provided below.

[80159] Fig. 3 shows plots of various cell types identified and quantified by the
cytometric assays described in this example. Fig. 3A shows a plot of spots (cells) by intensity

of the marker FL-17 versus intensity of the marker FL-9 to identify monocytes. Fig. 3B

AT
..41..
/



WO 2014/160891 PCT/US2014/032071

shows a plot of spots {cells} by intensity of the marker FL-1%versus intensity of the marker
FL-15t0 identify basophils. Fig. 3C shows a plot of spots {cells) by intensity of the marker
Fi-15 versus intensity of the marker FL-11 to identify lymphocytes. Fig. 3D shows a plot of
spots {(cells) by intensity of the warker FL-15 versus intensity of the wmarker FL-9 to identify

neutrophils and eosinophils.

(06166} The initial identification of monocytes (9.6%, as shown in Fig. 3A} is used to
guide the subsequent wdentification of basophuls {0.68%, as shown in Fig. 3B). The
identification of monocytes and basophils as shown in Figs. 3A and 3B 13 used to guide the
subsequent wdentification of neutrophils and cosinophuls {68% veutrophils, 3.2% ecosinophils,
of the WBCs shown in Fig. 3D). Finally, lymphocytes are identified as shown in Fig. 3C
{93% of the WBCs plotted in Fig. 3D, corresponding to 18% of' the cells in the original

sample).

601617 The present methods correlate well with other methods. Counts of white
blood cells, red blood cells, and platelets were made with samples of EDTA-anti coagulated
whole blood. The white blood cells were further counted to determine the numbers of
neutrophils, monocytes, and lymphocytes in the sample. In the measurements shown in Fig.
9, EDTA-anti coagulated whole blood samples were split into two, and one part of the
samples were run on the system disclosed herein, using the methods disclosed herein. The
other part of the samples was run on an Abbott CELL-DYN Ruby System (Abbott
Diagnostics, Lake Forest, 1L, USA), a comumercial multi-parameter autornated hematology

avalyzer. A comparison of the results obtained with both methods 1s shown in Fig. 4.

[8G162] As shown in Figs. 4A-4C, the numbers of white blood cells (“"WBCs”, Fig.
4A}, red blood cells (“RBCs”, Fig. 4B} and platelets (Fig. 4C) measured by the present
methods correlate well with the numbers of WBCs, RBCs, and platelets measured by other
methods in corresponding aliquots of the same samiples as were analyzed by the present
rocthods. As shown in Figs. 4D3-4F, the numbers of neutrophils, monocytes, and lymphocyies

measured by cither method were very similar, and correlated well with cach other.

{60163} While the above 1s a complete description of the preferred embodiment as
described herein, it is possible to use various alternatives, modifications and equivalents.
Theretore, the scope of the present invention should be determined not with reference to the
above description but should, tusiead, be determined with reference to the appended claims,

along with their full scope of equivalents. Any feature, whether preferred or not, may be
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combined with any other feature, whether preferred or not. The appended claims are not to
be interpreted as mchuding rocans-plus-function limitations, unless such a limitation 18
explicitly recited in a given claim using the phrase “means for.” It should be understood that
as used in the description heretn and throughout the claims that follow, the meaning of "a,”
"an," and "the" includes plural reference unless the context clearly dictates otherwise. Also,
as used in the description herein and throughout the claims that follow, the meaning of "in”
includes "in" and "on" unless the context clearly dictates otherwise. Finally, as used tn the
description herein and throughout the claims that follow, the meanings of "and” and "or”
include both the conjunctive and disjunctive and may be used interchangeably unless the
context expressly dictates otherwise. Thus, in contexts where the terms "and” or "or™ are
used, usage of such conjunctions do not exclude an “and/or” meaning unless the context
expressly dictates otherwise.

(69164} This document coutains roaterial subject to copyright protection, The
copyright owner (Applicant herein} has no objection o the facsimile reproduction by anyone
of the patent docuraent or the patent disclosure, as they appear in the US Patent and
Trademark Office patent file or records, but otherwise reserves all copyright rights

whatsoever. The following notice shall apply: Copyright 2013-2014 Theranos, Inc.
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(j LAIM L;
i A method of testing a biological sample in g dCViCQ, cormprising:
o & x o

performng an nitial assay 1o said device for an analyie in said biological sample,
whereby an initial result is obtained, wherein said initial assay may provide a negative result
indicating that the presence of said analyte 1s not detected, or 1s detected at a normal level, in
the biological sample, or may provide a positive result indicating that the presence of the

analyte 1s detected, or is detected at an abnormal level, 1o the binlogical sample; and

determining further testing of said biological samiple contingeunt on said witial result,
wherein if the initial result is negative, then no further assay is performed on said biological
sample; and wherein if the mitial result 1s positive, then a further assay s performed 1o said

device on said biological sample.

2. The method of claim 1, wherein said further assay comprises an assay of a
type selected from the group of assay types consisting of antibody-based assays, nucleic acid
assays, general chemistry assays, and cytometric assays.

3. The method of claim 1 or claim 2, wherein said further assay comprises a
different type of assay than said initial assay.

4. The method of any of claims 1 to 3, wherein the analyte to be detected by said
further assay comprises a different analyte than the analyte detected by said initial assay.

5. The method of any of claims 1 to 3, wherein the initial assay comprises
measurement of an analyte, and said further assay comprises a cytometric assay.

6. The method of claim 5, wherein said cytometric assay comprises a
rocasurement of a morphological characteristic of a cell.

7. The method of claim 6, wherein the measurement of a morphological
characteristic of a cell comprises measurement of a morphological charactenistic of a blood
cell in a blood sample.

8. The method of any of claimns 1 to 7, wherein said initial assay comprises use of
a detector to obtain said initial result, wherein said detector is selected from an optical
detector, a pH detector, an clectrochemical detector, a teraperature sensor, an ion-sensitive
electrode, a radiation detector, and other detectors.,

9. The method of any of claims 1 to 7, wherein said further assay comprises the

use of a detector to obtain a further result, wherein said detector is selected from an optical
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detector, a pH detector, an electrochemical detector, a tomperature sensor, an ion-sensitive
clectrode, a radiation detector, and other detectors.

10. The method of any of claims 1 to 5, wherein said further assay comprises an
assay that is more scusitive for the detection of said analyte than said initial assay.

it The method of any of claims 1 to 10, wherein said biological sample
comprises a sample sclected from blood, serum, plasma, g throat swab, a nasal swab, a
nasopharyngeal wash, saliva, urine, gastric fluid, cerebrospinal fluid, tears, stool, mucus,
sweat, carwax, oil, a glandular secretion, sernen, vaginal fluid, interstitial fhuids derived from
tumorous tissue, ocular fluids, breath, hair, finger nails, skin, biopsy tissue, placental fluid,
amniotic fluid, cord blood, lymphatic fluds, cavity fluids, sputur, pus, microbiota,
meconium, breast milk, and other secretions or excretious.

12.  The method of any of claims 1 to 11, wherein said initial assay and said
further assay are performed on different portions of a single biological saraple

13. The method of claim 12, wherein at least one of said different portions of said
single biological sample comprises a diluted biological sample.

14, The method of any of claims | to 11, wherein said initial assay and said
further assay arc performed on different biological samples.

15.  The method of claim 15, wherein said different biological samples are ¢ach
the same type of bivlogical sample.

16.  The method of claim 15, wherein cach of said different biological samplesis a
blood sample.

17.  The method of claim 16, wherein each of said different blood samples s a
different fraction of blood.

18. The method of claim 17, wherein said fractions of blood are selecied from
whole blood, serum, and plasma.

19, The method of claim 15, wherein said different biological samples are cach
different types of biological sample.

20.  The mothod of claim 19, wherein said different types of biological saraples are
selected from the group of biological sample types counsisting of blood, serum, plasma, a
throat swab, a nasal swab, a nasopharvngeal wash, saliva, urine, gastric fluid, cercbrospinal
fluid, tears, stool, mucus, sweat, carwax, oil, a glandular secretion, semen, vaginal fluid,
interstitial fluids derived from tumorous tissue, ocular fluids, breath, hair, finger nails, skin,
biopsy tissue, placental flaid, amniotic fluid, cord blood, lymphatic fluids, cavity fluids,
sputurn, pus, microbiota, meconium, breast milk, and other secretions or excretions.

51



]

W N

WO 2014/160891 PCT/US2014/032071

21, The method of claim 1, wherein said further assay is performed within a short
amount of time from the time at which the biological sample tested by said further assay was
accepted within said device.

22, The method of claim 21, wherein said irutial assay and said further assay are
cach performed on at least a portion of the same biological sample.

23. The method of any of claims 1 to 21, wherein the biological sample upon
which the further assay is performed is obtained after the results of said initial assay are
obtained.

24, The method of claim 23, wherein if the result of said initial assay performed in
a device is positive, then a further assay is perforrued in said deviee on said biological sample
within a short amount of time from the tiroe of accepting a sarple within said device,
wherein said short amount of time is a time prior to the performance of said further assay.

25, The method of any of claims 21 to 24, wherein said short amount of tivoe is
selected from the group of short amounts of time consisting of about 3 hours or less; about 2
hours or less; about 1 hour or less; about 50 minutes or less; about 45 minutes or less; about
44 minutes or less; about 35 minutes or less; about 30 minutes or icss; about 25 minutes or
less; about 20 minutes or less; about 15 minutes or less; about 10 minutes or less; about 5
minutes or less; about 4 minutes or less; about 3 minutes or less; about 2 minutes or less; and
about 1 minute or less.

26.  Adevice for testing a biological sample, wherein said device is configured to
perform an initial assay and a further assay according to the method of any of claims 1 to 25.

27.  The device for testing a biological sample of claira 26, wherein said further
assay COmMprises a cytometric measurement.

28.  The device for testing a biological sample of claim 27, wherein said
cytometric assay comprises a measurement of a morphological characteristic of a cell.

29.  The device for testing a biological saraple of claira 26, 27, or 28, wheremn said

biological sample comprises a blood sample.

36, A systern for testing a biological sample comprising a device of any of claims
26 t0 29,
31, The system of claima 27 for testing a biological sample, wherein said biological

sample comprises a blood saraple.

32, A method of testing a biological sample in a device, comprising:
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performing an initial assay in said device for an analyte in said biological sample,
whereby an initial result is obtained, wherein said nitial assay may provide a negative result
indicating that the presence of said analyte is not detected, or is detected at a normal level, in
the biological sample, or may provide a positive result indicating that the presence of the

analyte is detected, or is detected at an abnormal level, in the biological sample;

performing further testing of said binlogical sample, wherein a further assay is
performed in said device on said biological sample regardless of the results of said wnitial

assay; and

reporting the results of said further assay of said biological sample contingent upon
the resuits of said initial assay.

33.  The method of claim 32, further comprising reporting the results of said initial
assay.

34, The method of claim 32 or 33, wherein the results of said further assay are not
reported if said initial assay provides a negative result, and wherein the results of said further
assay are reported if said initial assay provides a positive result.

35.  The method of claim 32 or 33, wherein the results of said further assay are not
reported if said imitial assay provides a positive result, and wherein the results of said further
assay are reported if said initial assay provides a negative result.

36, The method of claim 35, wherein said further assay is an assay for the same
analyte as said mitial assay, and wherein said further assay 18 a more sensitive assay than said
initial assay.

37.  The method of any of claims 32 to 36, wherein the biological sample upon
which the further assay is performed is obtained before the results of said juitial assay are
obtained.

38, The method of any of claims 32 to 36, wherein the initial assay and the further
assay are performed on portions of the same biological sample.

39, The method of claim 38, wherein at least one of said portions of said
biological sample is a diluted portion of the biological sample.

40.  The method of any of claims 32 to 39, wherein said further assay comprises an
assay of a type selected from the group of assay types consisting of antibody-based assays,
nucleic acid assays, general chemistry assays, and cytometric assays.

41. The method of any of claims 32 to 39, wherein said further assay comprises a

different type of assay than said initial assay.
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42, The method of any of claims 32 to 39, wherein the analyte to be detected by
said further assay comprises a different analyte than the analyte detected by said 1ntial assay.
43. The method of any of claims 32 to 39, wherein the initial assay comprises

measurement of an analyte, and said further assay comprises a cytometric assay.
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