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(57) Abstract: An analyzer system includes a cartridge configured to

FIG. 19

receive a sample. The cartridge has a plurality of chambers for isolating a
target analyte of the sample and collecting a quantity of a first label that is
proportional to a quantity of the target analyte in the sample. The system
includes an analyzer with a first electromagnetic radiation source a first
detector and a controller. The first electromagnetic radiation source is
configured to provide electromagnetic radiation to form an interrogatio
n space within a detection chamber of the cartridge. The first detector is
configured to detect electromagnetic radiation emitted in the interroga-
tion space by the first label if the first label is present in the interrogation
space. The controller is configured to identify the presence of the target
analyte in the sample based on electromagnetic radiation detected by the
first detector.
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POINT OF CARE CONCENTRATION ANALYZER

CROSS REFERENCE TO RELATED APPLICATIONS

[0061] This application claims the benefit of US Provisional Patent Application No.
62/817,433, filed March 12, 2019, which is incorporated herein by reference in its entirety.

FIELD

[6002] This invention generally relates to the automated sample processing, measurement
and analysis of samples in order to isolate, label, detect and determine the amount of specific

target analytes that may be present in very low concentrations.
BACKGROUND

[60063] Numerous studies and advances in the understanding of the underlying causes and
the progression of disease have shown that detection of infectious agents or the detection of
an impairment at an early stage coupled with appropriate treatment substantially improves
clinical outcomes. Many conditions that once required the use of expensive symptomatic
measurements like anatomical imaging, which require trained specialist to administer and
interpret, can now be diagnosed at the cellular and molecular level via the presence and / or
concentration of specific biomarkers. These biomarkers inchude up- or down-regulated
proteins, nucleic acids or other molecules that are highly specific to a disease condition or

infection.

[6064] 1t is often desirable to diagnose certain conditions at the point-of-care where timing
and administration of the correct treatment is critical for patient outcome. This is especially
true in the acute care settings of trauma centers where patients may have experienced an
acute myocardial infarction (AMI), acutely decompensated heart fatlure, pulmonary
embolism, sepsis, or other conditions requiring a timely response. In non-acute settings a
quick turnaround time is also desirable especially in the case of highly infectious diseases like
C. difficile infection where a quarantine might be required. However, even in the doctor’s
office or retail clinic it is highly beneficial to determine if a condition is viral or bacterial

prior to administering antibiotics.

[0005] With some disease conditions the concentration of the biomarker or analyte of

interest is relatively high and simple low-cost lateral flow devices may be employed for

SUBSTITUTE SHEET (RULE 26)
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sample processing and readout. These devices and the consumable components that interact
with the sample are very low cost and can be used quickly with relatively little or no training
at the point~-of-care. However, lateral flow type tests also tend to suffer from poor precision
making guantitative measurements of marginal guality even if an objective reader system is
used to measure the strips. Also, depending on the stage of a disease or infection the
concentration of the target analvte is ofien too low to detect with lateral flow in the blood,

urine, saliva or other sample types.

{0006]  In these cases the sample processing and readout is more complex. It often requires
precise metering (o assess concentration, high efficiency to avoid loss of the target analvie
and centrifugal separation as a primary siep in the purification process. Bevond
centrifugation, additional purification steps typically include incubation with reagents
containing binding partners or molecules with complimentary sequences or structures to bind
io the target analvte biomarker. These binding partners may be substrates such as micro- or
nanoparticles with complimentary molecules on their surfaces or molecules comjugated to
transduction labels, or both. Once binding occurs additional process steps must then be taken
to wash and further isolate the target analvie to suspend it in pristine buffer solution or lay it
down on a clean surface prior to measurement. To perform these processing steps, multiple
evices including centrifuges, mixers, incubators, precision pipettors, and thermal cyclers are
used wherein the sample is often transferred and metered between the processing steps with
mutiiple disposable tips, tubes, plates and other sample containers eic. Once the processing is
complete highly sensitive and highly precise instruroents are used to measure the processed

sample to determine the presence and or abundance of the target analyte.

{08077 While the analysis of low concentration biomarkers may take several forms, in
general the processing and measurement of the sample has the following principal

characteristics:

I. A separation step to perform a first isolation of the target analyte from other sample

components

t

Introduction of binding partners and reagenis

3. Mixing and incubation to label and bind targetl analvies to a subsirate

4. Tntroduction of buffers and steps to wash away unbound labels and other contaminates
5. Sterile containers for precise metering and sample contamment during processing

3
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6. An efficient and precise means of sample transfer

7. A means of measurement providing high sensitivity and precision to determine the

presence and abundance of the target analyte,

{0008} At present the processing and measurement of low concentration biomarkers must
be done by trained staff or with the use of highly specialized equipment in centralized
locations. Consequently, the turn-around time from sample acquusition to result is long, the

msinimentation cost is high, and the measurement cannot be done at the poimnt-of-care.

{0009}  Accordingly, the present inventors have recoguized that an troproved technique that
can address the principal characteristics listed above for low concentration biomarker
processing and measurement is desired. The technique should be suitable for the point-of-
care environrent with minimal consumables, precise metering, fast turmaround tiroe, and

with sensitivity that overcomes the limitations of the prior art.

[0016] U.S. Patent No. 8,264,684, and U.S. Patent Application Publication No.
2016/0178520, each of which is incorporated herain by reference, describe previous systems
that achieved extremely sensitive detection. The disclosure provides further development in

thas field.

SUMMARY
{0011} Disclosed herein are analyzer systems, cartridges, and methods for detection of a
target analvte of a sample. Beneficially, embodiments of the analyzer svsiem use a compact

cartridge to process and analyze the sample, which allows the analyzer 1o be of a reduced size

so that it can be provided at the point of care.

[08012] Thus, in a first aspect, the present disclosure provides an analvzer svstem
comprising;

a cartridge configured to receive a sample, the cartridge inchuding a plurality of
chambers for isolating a target analyte of the sample and collect a quantity of a first label that
ts proportional to a guantity of the target analyie in the sample;

a first electromagnetic radiation source configured to provide electromagnetic

radiation to form an interrogation space within a detection chamber of the cartridge;
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a first detector configured to detect electromagnetic radiation emitted in the
mterrogation space by the first label if the first label is present in the interrogation space: and

a controller configured to identify the presence of the target analvte in the sample
based on electromagnetic radiation detected by the first detector.

[8013] This as well as other aspects, advantages, and alternatives, will become apparent to

those of ordimary skill in the art by reading the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

{06614} The accompanyving drawings are included to provide a further understanding of the
methods and devices of the disclosure, and are incorporated in and constitute a part of this
specification. The drawings are not necessarily to scale, and sizes of various elemenis may
be distorted for clanty. The drawings illusirate one or more embodiment(s) of the disclosure,
and together with the description serve to explain the principles and operation of the

disclosure,

[0015] FIG. 1 1s a schematic perspective front view of a high sensitivity analyzer according

to an embodiment of the disclosure;
18016] FIG. 215 a schematic perspective rear view of the analyzer of FIG. 1;

18617 FIG. 3 1s a schematic perspective view of an optical system used in the analyzer of

FiG. 1;

[0018] FIG. 4 is a schematic perspective view of a portion of the analyzer of FIG. 1

including a centrifuge;

{8019 FIG. 5 is a schematic perspective top view of a portion of the analyzer of FIG. 1

mcluding a manifold;
[00208] FIG. 615 aschematic perspective bottom view of the manifold of FIG. §;

[0021] FIG. 7 1s a schematic side view of a portion of the analvzer of FI(G. 1 including an

objective;

{6622} FIG. 8 is a schematic depiction of a fluid system of the analyzer of FIG. 1
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[8023] FIG. 915 a schematic top view of a cartridge in accordance with an embodiment of

the disclosure;

[8024]  FIG. 1015 a schematic top view of another cartridge in accordance with an
embodiment of the disclosure at a first instance of a method according to an embodiment of

the disclosure;

{8625] FIG. 11 s a schematic top view of the cartridge of FIG. 10 at a second instance of a

method according to an ermnbodiment of the disclosure;

[08026] FIG. 1218 a schematic top view of the cartridge of FIG. 10 at a third instance of a

method according to an embodiment of the disclosure;

[08027] FIG. 13 13 a schematic top view of the carinidge of FIG. 10 at a fourth instance of a

method according to an embodiment of the disclosure;

[6028] FIG. 1415 a schematic top view of the cariridge of FIG. 10 at a fifth instance of a

method according to an embodiment of the disclosure;

[002%9] FIG. 15 1s a schematic top view of the cartridge of FIG. 10 at a sixth instance of a

method according 1o an embodiment of the disclosure;
{8036] FIG. 1618 a schematic top view of the cartridge of FIG. 10 at a seventh instance of a
method according to an embodiment of the disclosure;

8031 FIG. 17 18 a schematic top view of the cartndge of FIG. 10 at an eight instance of a

method according to an embodiment of the disclosure;

{80632 FIG. 18 15 a schematic top view of the cartridge of FIG. 10 at a ninth instance of a

method according to an embodiment of the disclosure;

{3033 FIG. 1915 a schematic top view of a cartridge according to another embodiment of

the disclosure;

{00634} FIG. 20 1s a schematic side view of a portion of the analyzer of FIG. 1 including

magnetic stages;

{60635} FIG. 21 s a schematic side view of various steps in a washing operating utilizing
magnets in accordance with an embodiment of the disclosure; and

8036 FIG. 2218 a schematic side view of various steps in another washing operation

utilizing magnets in accordance with an embodiment of the disclosure,

5
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DESCRIPTION

{0637} The following detailed description presents an overview of an example embodiment
of a method and sysiem according to the invention. This overview 1s followed by further
descriptions of various example embodiments of methods, systems and apparatuses in

conmection with the invention.

Overview of an Example Embediment

Separation and Metering

[30338] The present invention is directed io a sample processing and analysis svstem {o
isolate target analvtes and determine their concentration. A cartridge, in the form of a single
consumable disc 150, as shown in— FIGS. 9-19mav be used for all sample processing,
metering and containment of the resulting processed sample during measurement. The
processing involves high speed spinning of the disc to spin down dense elements contained in
the onginal sample. During the inttial centrifugation step as shown mn FIG. 11, the sample
152 1s transferred from a sample chamber 158 to the separation chambers 161, 162 shown in
FIG 12. The cartridge 150 is then spun at a higher speed, for example 7000 rpm, {0 separate
dense elements into separation area 162, The resulting supernatant in separation area 161 15
then transferred to a nuxing chamber 175 containing reagents composed of binding partners.
The volumes of the separation chamber 161 and mixing chamber 175 as well as the method
of the transfer of the supernatant act to meter the amount of sample used in processing in
order to maintamn precision. The spin down process and transfer may be imaged by a
processing guakity control camera and analyzed during processing to ensure proper separation

and metering.
Reagents and Binding Partners

{08397  The binding partners include several species which may be in the form of dried
reagents or lvophilized pellets 180 shown in FIG. 13, and may be stored mn the mixing
chamber. The first species are paramagnetic bead substrates that are functionalized with
molecules that have binding sites spectfic to the target analvte. A second species of binding
partner includes fluorescent labels conjugated to molecules with binding sites specificto a
separate and distinct portion of the target analvte. Another component in the reagents may
include a control analyte comprised of an engineered protein or other molecule that would not
be found 10 a patient sample containing the targetl analyie. In connection with the control

6
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analyie is another set of paramagnetic capture beads and labels that are specific to binding
sites on the control analvte in the same manuver that the first set of paramagnetic capture
beads and labels are specific to the target analvte. The control will undergo the same process
and measurement as the target analyte. However, the amount of the conirol, unlike the targst
analyte, is precisely known before the process. Therefore, when the control is measured,
since the concentration 1s known a priori, it can serve as a monitor of the efficacy of the

sample processing and a means for normalizing imprecision in the process.
Mixing and Incubation

[0048]  Once the supernatant and reagents are in the mixing chamber, a mixing process will
occur in which the disc 150 will spin slowly, but at a vanable rpm. Specifically, the disc will
accelerate and decelerate rotationally at a controlled rate to execute a preferred motion profile
during the spin. As shown in FIG 13 a nuxing ball 176 of higher density than the sample,
such as brass or glass, may also be incorporated in the mixing chamber. Beneficially, the
acceleration and deceleration of the cartridge will induce the ball to move through the
supernatant to facilitate dissolving and disbursement of the dried reagents and ensure a
homogeneous muxture of all reagents and the target analyte. The mixing chamber geometry
may be configured along a substantially constant radius from the center of rotation.
Moreover, this chamber may contain varous features to further facilitate nuxing and
mncubation and to ensure the mixture stavs in the mixing chamber during the nixing process.
The result of the mixing process will promote a homogeneous suspension to facilitate binding
of the target analyte to the paramagnetic capture beads and labeled molecules. To ensure

precision, the nuxing process can be carried out for a controlled amount of time.

[0041] The cartridge 150 also includes a wash chamber 181 that is coupled 1o the mixing
chamber through a channel 173, While the supematant may otherwise be free to flow into the
wash chamber via the channel 173, the wash chamber may be advaniageously positioned at a
smaller radius from the center of rotation such that centrifugal force keeps the supernatant
and reagents in the mixing chamber. Capillary breaks in the form of flared channel widths
178, 179 as shown in FIG 14 may be present to further prevent capillary action from pulling
the superatant and mixed suspension from the muxing chamber mito the wash chamber. The
capillary breaks 178, 179 can also serve to sfore supernatant which will displace air captured

in fyophilized peliets during manufacture of the pellets.
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[8042] Once the mix and incubation processes are compiete, the cartridge 150 mav be
rotated into alignment with a manifold 108 (FIG. 3) having four ports 111, 112, 113, 114 and
associated seals that will move to interface with the cartridge. The mamifold mayv be coupled
to a motor 110 for precision rotary movement and the manifold may also beheld on a
suspension svstem (o ensure contact and sealing of the ports 111, 112, 113, 114 on the
cartridge. The manifold may also be on a moveable arm 109 as shown in FIG 1 to lower and
raise manifold to and from the cartridge. The manifold mayv also contain features to precisely
register if with respect to the cartridge to ensure the various ports line up with sufficient
positional accuracy. Once the manifold is registered and in contact with the cartridge, the
mantfold motor enables precise rotary motion of the cartridge 150 about the axis of the
centrifuge motor. At this point the centrifuge motor may be deenergized and its bearings and
shaft can serve as a precision rotary stage for the cartridge. The manifold 1s connected to a
series of pumps and valves to enable the introduction of buffers into the cartndge from
external reservoirs through precision syringe pumps. The buffers preferentially include a
wash buffer, an elution buffer and DI water for cleaning and storage. Likewise, the ports on
this cartridge may include a wash buffer eniry port 154, a wash buffer draw port 156, an

elution buffer entry port 153 and an elution buffer draw port 157 as shown in FIG. 9.

[0043] After the manifold 108 is registered on the cartridge 150, one or more magnets are
moved into position over the mixing chamber. The magnets are positioned above and below
the cartridge on a Z-stage with an axis of motion perpendicular to the flat surface of the
cartridge as shown in FIG 20. This enables magnet 130 to move closer to the cartridge 150
mcreasing its effective pull on the paramagnetic capiure beads while the other magnet 131
moves away from the cartridge 150 decreasing its affect. The magnet Z-stage 132 is also
coupled to a radial stage 133. The radial stage allows movement of the magnets closer to or
away from the axis of rotation of the cartridge. As discussed later, various channels and
chambers on the cartridge are arranged radially or circumferentially. The various Z- and
radial stages in combination with the manifold motor enable the magnets o be placed at any

desired position relative to the chambers and channels contained within the cartridge 150

[0044]  After the magnets are introduced, the magnet 7- and radial stages are conirolled
along with partial cartridge rotation to execute a predefined sequence of movements to pull
all the paramagnetic capture beads which are now binding the target analyie and control
analyte out of suspension as shown in FIG 15. The magnet 130 on the bottom side of the

cartridge is brought into proximity of the surface of the cartridge in a preferred location to

3
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pull the beads o a tight bolus. The bead bolus may be imaged by a processing quality
control camera and analyzed to ensure the beads have been properly pulled from suspension.

e
i

Introduction of Wash Buffers and Washing

[0048] At this point the wash valve connects the wash pump to the wash entry port 154 on
the cartridge and the draw pump 1s connacted to the wash draw port 156 The other poris
remain closed. The wash pump and draw pump are controlled to empty and draw respectively
at defined volumetric flow rates. This causes wash butfer to fill the wash chamber and the
channel leading to the nux chamber as shown in FIG. 16, The sequence continues unti} the
supernatant is pushed out of the mix chamber and back into the separation chamber. This
serves to wash much of the unbound labels and contaminates away from the bead bolus
which is held in place by the magnet. Once the wash buffer fill sequence has completed, an
tmage of the wash chamber may be collected from a processing quality control camera and
processed to ensure complete proper filling of the wash chamber, channel and mix chamber

with wash buffer.
Magnetic Transfer for Washing

10846] At this point the magnet stages and manifold motors execute a sequence of motions
to drag the paramagnetic bead bolus out of the mix-incubation chamber and radially along the
channel between the wash and mix chamber into the wash chamber. At various points in this
process imagery may be captured and processed to ensure that the bead bolus 15 of
appropriate size and that the process has executed in a manner to ensure all of the bead bolus

has been puilled into the wash chamber.
Wash Sequence

[8047] When the bead bolus has been transferred 1o the wash chamber the mamfold motor,
magnet 7-stage, and radial stages are controlled to execute a sequence of motions to disperse
the beads and re-condense the bead bolus using the magnets altemately on different sides of
the wash chamber along the fength of the wash chamber. This process 1s done to remove any
remaining unbound label or other contaminates that may been trapped 10 the bead bolus.
When the wash sequence 15 complete, the paramagnetic capture beads are again pulled into a
tight bolus, Clean wash buffer is then pumped into the wash chamber while the contaminated
buffer 1s pushed out through the mixing chamber and into the wash waste chamber 166
focated on this cartridge. The wash waste chamber 166 is sized such that the contaminated
wash, original sample and supermnatant never completely fill the wash waste chamber and exit

9
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through the wash draw port located at the far end of the wash waste chamber. This ensures
the manifold never comes into contact with any sample or with any buffers that may have

mixed with the sample.
Air Dam Removal and Elution Buffer Fili

{0048] The wash chamber 181 is connected to an elution chamber 184 at the end opposite
the mixing chamber via a connecting passage 187. The elution chamber 184 is also connected
io the elution port 155 and elution draw port 157, When the wash chamber is filled, as
praviously discussed, the sequence is carried out in a manner to deter wash buffer from
entering the channel and the elution chamber 184. This is important because contaminated
wash buffer contains anbound label and other elements that might be sources of noise during
subsequent measurement. A sufficient air gap between the wash chamber 181 and elution
chamber 184 may be confirmed via analysis of images taken by the processing quality control
camera during each wash fill sequence. After the last magnetic wash sequence and after the
wash charober is again filled with clean wash buffer, a sequence 1s conducted to fill the air
gap (if desired) in connecting passage 187 between the wash chamber and elution chamber
184 with wash buffer. The wash draw port valve is closed. the elution draw port is opened.
and the draw pump 15 connected to the elution draw port 114, A pump sequence is execuled
with the wash and draw pumps at predefined volumetric flow rates to fill the channel between
the wash and elution chambers. The process may be confirmed via image collection and

analysis.

18048] When complete, ancther sequence is carned oul wherein the ehution pump fills the
elution chamber with elution buffer. ITmage processing mayv be performed to ensure the
channel and elution chamber fill correctly. At this point a pre-read of the pure elution buffer,
prior to sample introduction into the elution chamber, may be performed in the same manner
that the processed sample will be read to serve as a negative conirol for the assay. The elution
buffer is designed to cleave the bonds between the target analvte and its associated label as
discussed below. It is important that this process be avoided when the sample bead bohis is

outside the elution chamber.
Magnetic Transfer to Detection Chamber

{0056 Once the elution chamber is filled with elution buffer the magnet stages and
manifold motors are controlled in a predefined sequence to pull the bead bolus from the wash

chamber 181 through the connecting passage 187 into the elution chamber 184,

16
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Preparation for Measurement

[8051]  Once the bead bolus is in the elution chamber, a process similar to the wash process
ts conducted in the elution chamber. While the wash steps left contaminates suspended and (o
e washed away, the elution process is designed to leave the labels which were once bound to
the target analyvies (and control analyie) dissociated and in suspension. The combined
movemeni of the upper and lower magnets combined with precise rotary movement of the
cariridge causes the head bolus 1o repeatedly disperse and re-condense across the length of
the channel. The elution buffer cleaves the non-covalent bonds hetween the target analvte
and the paramagnetic capture beads as well as the bonds between the target analyte and its
tabel, which results in a homogeneous solution of eluted labels in the ehution chamber. The
same cleaving occurs for the conirol analyte. The entire purification process described briefly
herein is designed to create a suspension containing only the 1solated target analyie and the
labels that were once bound {0 that target analyie in a one 1o one relationship. The
paramagnetic capture beads which were used to capture the target analyte are a source of
noise for the read process. After the elution sequence in which the target analvie bonds are
cleaved, the dissociated paramagnetic capture beads may be pulled to a preferred location in

the elution chamber via the magnets and away from where the processed sample will be read.
Measurement

[0052] In the measurement step, a confocal laser-based optical system is focused within the
efution chamber, for example at a point in the ehition chamber away from the walls, upper
and lower surfaces of the chamber. Measurement and detection of analyte occurs in the
elution chamber 184, therefore chamber 184 serves as both the elution chamber and the
detection chamber and both ferms are used throughout the disclosure to refer to chamber 184,
The cartridge itself may be made of ultra-low autofluorescence material and the elution
buffer, pump materials, valves, ffuidic hines elc. may be selected such that they do not shed or
leach materials which might autofluorasce if carried into the elution chamber. A small
interrogation space is scanned through the Hiquid in the elution chamber by spinning the
cariridge at a predefined rpm back and forth via the mamfold motor. The interrogation space
is defined by the lateral extent of the laser spot and the lateral extent of the cone angle of light
fornving the laser spot. The interrogation space is further defined along the optic axis by the
size of the confocal stop positioned conjugate to the field in the optical system. As those

skilled 1n the art will appreciate a confocal architecture 1s used to remove hight from positions
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away from the focal plane. The further away from the focal plane and the smaller the
confocal stop, the more the light coming from distant positions s attenuvated. In imaging
applications, this reduction in out~of-focus hight reduces noise and provides crisp image
slices. Light coming from positions away from the focal plane {or image slice} does not
represent the structure in the image shice and is therefore noise. The same process of noise
reduction roay be emploved in the present invention: however, in this case the confocal
system is not used for imaging. As the laser spot scans through the fluid it may encounter a
fluorescent label from the target analyte. When it does, the laser excites fluorescence from the
tabel and individual photons are emitted from the label and directed by the oplical system on
1o a detector where they are counted. On the way to the focal plane, and beyond the focal
plane, the laser light may encounter elements that autofluoresce, including the glasses and
bonding materials that comprise the optical svstem, the window on the cartridge, the back
side of the elution chamber, the elution buftfer and any other material that rmght have made 1t
mito the elution chamber. Any fluorescence from those components is noise since if is not
from a target analyte label. The confocal architecture attenuates those signals by
preferentially allowing signal from target analyte labels in or near the focal plane. As a result,
when the laser passes over a target label, the stream of photons received and counted by the
detector increases over the background photon level. Processing algorithms detect and
ciassify the elevated photon count as a molecule of interest. In this manner individual
molecules from the target analvte can be counted to determine a concentration of the target

analyte in the original sample.

[00583]  The present invention described herein enables substantial advantages over the prior
art to precisely detect and quantify the number of target analvies in a sample wherein the
concentration of target analytes in the sarople is low. Further, the methods and apparatus of
the present invention have characteristics suitable for deplovment in a point-of-care setting.
Other aspects of the present invention disclosed herein are directed towards methods of
sample processing and analysis {0 1solate larget analyvtes and delermineg their concentration.
These methods implement steps that are generally consistent with the sample processing and

measurement above.

Exanmple Embodiments

{0054} Examples and systems are described herein. 1t should be understood that the words

“example” and “exemplary” are used herein to mean “serving as an example, instance, or
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Hlustration.” Any embodiment or feature described herein as being an “example” or
“exemplary” 15 not necessarily to be construed as preferred or advantageous over other
embodiments or features. In the following detailed description, reference is made to the
accompanying figures, which form a part thereof. In the figures, similar symbols typically
identify similar components, unless context dictates otherwise. Other embodiments may be
utilized, and other changes may be made, without departing from the scope of the subject

matter presented herein.

{0085 The example embodiments described herein are not meant to be limiting. It will be
readily understood that the aspects of the present disclosure, as generally described herein,
and llustrated in the figures, can be arranged, substituted, combined, separated, and designed

in a wide variety of different configurations, all of which are explicitly contenmplated herem.

[0056] Unless otherwise mdicated, the terms “first,” “second,” etc. are used herein merely
as labels, and are not intended to impose ordinal, positional, or hierarchical requirements on
the items to which these terms refer. Moreover, reference 1o, e.g., a “second” item does not
require or preciude the existence of, e g, a “first” or lower-numbered item, and/or, e.g.. a

“third” or higher-numbered item.

2% e

[80387] Reference herein 1o “one embodiment,” “an embodiment,” “one example,” or “an
example” means that one or more {eature, structure, or characteristic described in connection
with the example 1s included in at least one implementation. The phrases “one embodiment”
or “one example” in various places in the specification may or may not be referring to the

same example.

18058] As used herein, a system, apparaius, device, structure, article, element, component,
or hardware “configured to” perform a specified function is indeed capable of performing the
specified function without any alteration, rather than merely having potential 1o perform the
specified function after further modification. In other words, the system, apparatus, structure,

[

article, element, component, or hardware “configured to” perform a specified function is
specifically selected, created, implemented, utitized, programmed, and/or designad for the
purpose of performing the specified function. As used herein, “configured 0™ denotes
existing characteristics of a system, apparatus, structure, article, element, component, or
hardware which enable the system, apparatus, structure, article, element, corponent, or
hardware to perform the specified function without further modification. For purposes of this

disclosure, a system, apparatus, structure, article, element, component, or hardware described
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as being “configured to” perform a particular function may additionally or alternatively be

described as being “adapted to” and/or as being “operative 107 perform that function.

[8089]  In the following description, numerous specific details are set forth to provide a
thorough understanding of the disclosed concepts, which may be practiced without some or
all of these particulars. In other instances, details of known devices and/or processes have
been omitled lo avoid unnecessanly obscuring the disclosure. While some concepts will be
described m conjunction with specific examples, it will be understood that these examples are

not intended to be limiting.
Example Analyzer Svstem

{8068]  In one aspect, the disclosure provides an analyzer system shown in FIG. 1 that
mcludes an analvzer 100 and a cartridge 150, The cartridge 150 is configured to receive a
sample and includes a plurality of chambers for isolating a target analyte of the sample and
coliecting a quantity of a first label that is proportional 1o a quantity of the target analyte in
the sarmnple. The analyzer 100 includes an optical system 120, which is more clearly seen in
the rear view of the analyzer 100 in FIG. 2. Further, components of the optical svstem 120
are shown separately from other parts of the analyzer in FIG. 3, for clarity. As shown, optical
system 120 includes an electromagnetic radiation source 121 configured to provide
electromagnetic radiation o form an interrogation space within a detection chamber of the
cartridge 150. The optical system 120 also includes a detector 122 configured to detect
electromagnetic radiation emitted in the interrogation space by the first label if the first label
15 present in the interrogation space. Other components of the optical system 120 are

described in more detail below.

{0061}  Analvzer 100 also includes a controller 140, which s schematically represented in
FIG. 1. The controller 140 includes a non-transitory computer-readable medium with
program instructions siored thereon for carrving out the steps conducted by the analyzer 1060
and 1dentifies the presence of the target analvie 1o the sample based on the electromagnetic
radiation detected by the detector 122. Controlier 140 includes a processor 141, a memory

142, and a network interface 143,

{8062] Processor 141 of controller 140 includes a computer processing elementis, e.g., a
central processing unit (CPU), an integrated circuit that performs processor operations, a
digital signal processor (DSP), or anetwork processor. In some embodiments, the processor

mncludes register memory that temporarily stores insiructions being executed and
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corresponding data, as well as cache memory that temporarily stores performed instructions.
Memory 142 15 a cornputer-usable memory, e.g., random access memory (RAM), read-only
memory {ROM), or non-volatile memory such as flash memory, solid state drives, or hard-
disk drives. in some embodiments, memory 142 stores program instructions that are
executable by controlier 140 for carrying out the methods and operations of the disclosure.
MNetwork miterface 143 provides digital communication between controller 140 and other
computing systems or devices. In some embodiments, the network interface operates viaa
physical wired connection, such as an ethernet connection. In other embodiments, the
network interface communicates via a wireless conmection, e.g., IEEE 802,11 (Wifi) or

BLUETOOTH. Other communication conventions are also possible,

[0063] In some embodiments, the analyzer 100 includes at least one motor configured to
rotate the cartridge in order to manipulate any sample placed in the cartridge and to align the
cartridge with parts of the analyzer. Tn some embodiments, the motor 1s a centrifuge drive
motor and in other ernbodiments the motor 1s a positioning motor. Further, in some
embodiments, the analyzer includes both a centrifuge and a positioning motor. For example,

analyzer 100, shown in FIG. 1, includes both a ceninfuge 101 and a positioning motor 110.

{0864} Tu analyzer 100 the centrifuge 101 is coupled to the cartridge 150 in order to spin
the cartridge at a speed of at least 100 rpro. Details of the centrifuge 101 are shown more
clearly in FIG. 4. As illustrated, a centrifuge drive motor 103 is configured to couple to the
cartridge using a dock 102, The dock 102 may include a retaining mechanism, such as a
plurality of registration pins 103 and cantilevered clips 104 that mate with mouniing
apertures 153 of the cartridge 150 (shown in FIG. 9). In some embodiments, the cantilevered
clips 104 are at the end of leaf springs that clamp over the cartridge when the cartridge 150 18
received in the dock 102, The cantifevered clips 104 may be configured to engage the
cartridge 150 in an outward direction. As the centrifuge 101 spins, the cantilevered chps 104
are urged cutward by centrifugal force increasing the holding force on the cartridge 150
Accordingly, the cartridge 150 may be securely held in the dock 102 when mserted into the

analyzer 100,

[006%]  The dock 102 15 connected to the centrifuge drive motor 103 n order to rotate the
dock 102 and the cartridge 150 that is attached thereto. Further, the centrifuge drive motor
103 may include electronic drive phase sensors 106 and a flag wheel 107 for high-speed
precision control of the centrifuge 101 during operation. In some embodiments, the dock 102
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is driven directly by the centrifuge drive motor 103, while in other embodiments, a power
transfer system, such as a gearbox or a belt drive, may be used to couple the dock 102 {0 the
centrifuge drive motor 103, As explained below, the dock 102 may also be driven by a
manifold 108 {see FIG. 1}. Specific embodiments of operations of the centrifuge 101 are

escribed i more detail below.

18066] In some embodiments, the analyvzer mcludes a manifold 108 with a plurality of ports
that are each configured to couple to a respective port of the cariridge. A depiction of the
manifold 108 coupled to the cartridge 150 is shown in FIG. 5. Further, a bottom view of the
manifold 108 is shown in FIG. 6 to illustrate the ports 111 to 114, In some embodiments, the
mani fold includes supply poris 111, 112 for supplying fludd to the cartridge 150 and draw
ports 113, 114 for drawing fluid from the cartridge 150. In some embodiments, the supply
ports 111, 112 are used to provide one or more liquids to the cartridge 150, while the draw
ports 113, 114 draw the liguid into the cartridge 150 by exiracting gas from the cartridge 150.
In other embodiments, the draw ports extract liquid, or both liquid and gas, from the cartridge
150, In order to transfer fluids to and from the cariridge. the manifold 108 includes fluidic

fines 115 that are connecied to the ports 111 to 114

{8067  Each of the ports of the manifold 108 may include a seal that covers the respective
corresponding port of the cartridge 150 in order to 1solate the fluid transfer between the
manifold 108 and the cartridge 150, For example. each of the ports 111 to 114 may include
an O-ring or other feature {0 create a seal between the manifold and cartridge ports that
surrounds the respective port of the cariridge 150, In some embodimenis, the ports of the
cartridge 150 are already open when the cartridge 150 is placed in the analyzer. In other
embodiments the manifold is configured to pierce the cariridge 150 so as to open each of the

ports of the cartridge 150

[3068]  In some embodiments, the manifold 108 is disposed on a movable arm 109 (shown
i FIG. 1), which allows the manifold 108 1o be decoupled from the cartridge 150 when the
cartridge 150 is rotaied at high speeds by the centrifuge 161, Coupling of the manifold 108 1o
the cartridge 150 mav be enabled by an alignment structure. For example, the manifold 108
may include pins that are received in mounting apertures 153 of the cartridge (see FIG. 9). In
other embodiments, the pins 104 of the dock 102 may pass through the mounting apertures
153 of the cartridge 150 into receiving holes in the manifold 108, Such a structure provides a

secure connection between the manifold 103, the cartridge 150 and the dock 102, Other
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mounting structures are also possible, as will be appreciated by those of ordinary skill in the

art.

[30369]  In some embodiments, the analyzer 100 includes a positioning motor 110 that is
coupled to the cartridge 150. In some embodiments the positioning motor 110 may be
coupled to the manifold 108 which couples to the cartridge 150. The posttioning motor 110
may be configured to pivot the cariridge 130 50 as to align the detection chamber 184 (see
FIG. 9) of the cartridge 150 with the electromagnetic radiation from the first electromagnetic
radiation source 121, Moreover, the positioning motor 110, in concert with one or more
magnets or by the fhud dynamics of the sample, may further be used to circulate the target
analytes through the chambers of the cartridge 150, as descnbed in more detat] below. The
positioning motor 110 may be a stepper motor or another actuator with specific positioning
control. For example, in some embodiments, the location of the positioning motor 110 may
be specified to within 2° of rotation, or within 1° of rotation, or smaller than 17 increments.
Specific examples of embodiments of using the positioning motor 110 are described in more

detail below.

{8678]  In some embodiments, the positioning motor 110 is directly coupled to the mamfold
108, while in other embodiments, a power transfer system, such as a gearbox or a belt drive,
may be disposed between the positioning motor 110 and the manifold 108, 1In the analyzer
100 shown in FIG. 1, the positioning motor 110 15 coupled fo the cariridge 150 via the
manifold 108. In particular, manifold 108 is disposed on the shaft of the positioning motor
110, Accordingly, the manifold 108 and cartridge 150 may move synchronously while

maintaining a closed fhuid connection therebetween.

{00671} In some embodiments, the analyzer 100 includes an optical system 120 (FIGS. 2-3)
that directs the electromagnetic radiation from the first electromagnetic radiation source 121
to the detection chamber 184 of the cartridge 150, and that directs the electromagnetic
radiation emitted by the label to the first detector 122. The optical system 120 may include
one or more mirrors and ienses to manipulate and direct the electromagnetic radiation to and
from the interrogation space. In addition, the optical system may include an objective 123, as
shown in FIG. 7, for focusing the electromagnetic radiation from the first electromagnetic
radiation source to the interrogation space in the cartridge 150. In some embodiments, the
objeciive 123 is conpled to a movable stage 124, which allows movement of the objective

with respect to the cartridge 150
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{08672  In some embodiments, the optical system 120 is a confocal system. For example,
the electromagnetic radiation source 121 is imaged as a spot in the focal plane of the
objective lens 123 within the detection chamber 184, Light enmitied from a label in the
detection chamber 184 excited by the electromagnetic radiation source 121 is collected by
objective lens 123 and directed by the optical svstem 120 onto a confocal stop 125 in the
optical system 120 as shown 1o F1G. 3. The confocal stop 123 is then imaged onto the
detector 122. The confocal arrangement preferentially passes light from the label in the focal
plane of the objective 123 while excluding light from beyond the focal plane. In this manner
the arrangement increases the signal to noise ratio by passing signal from the label while
excluding light from elements in the liquid suspension, cartridge and optical system that are
not originating from the label. As is known to those skilled in the art, this arrangement may
also use a dichroic filters 126 to reflect laser light and pass light emitted by the label to only
allow hight from the label to reach the detector while prohibiting laser light from reaching the
detector. Further, if more than one radiation source is used for detection of additional labels
than one or more additional dichroic filters 126 mav be used to reflect iaser and label
electromagnetic radiation from the first electromagnetic radiation source and label while
passing electromagnetic radiation from a second electromagnetic radiation source and second

label as shown i FIG. 2 and FIG. 3.

{8673} In some embodimenis all of the components of the analvzer 100 are disposed in a
common housing. The common housing may be small in size, 50 as to fit on a countertop.
For example, n some embodiments, the dimensions of the coramon housing are no greater
than 1 meter in any direction. Further, in some embodiments, the common housing fits

within a 30 inch x 30 inch x 30 inch cube.

[8074]  In some embodiments the coniroller 140 includes a network imterface 143 for
receiving control information from a user and for outputting analvsis data 1o the user. For
example, in some embodiments, the analyzer communicates with a user via software on an
external device, such as a smartphone, table, noiebook computer, or desktop computer. The
analy zer receives information from and outputs information {o the user of the external device
by communicating with the external device via the network interface. Such communication
may be through a wireless or wired connection, such as a USB or other bus. In some
embodiments, the analyzer 100 may mclude an input and/or cutput devices for
communicating directly with a user, such as a keyboard for receiving inputs and a display for

outputiing information. Moreover, in some embodiments the display may include a
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touchscreen for both outputting information and receiving information from a pser. In some

embodiments the analyzer includes a network interface, an input, and a display.

[80738]  In some embodiments the method of the disclosure includes directing portions of
the sample through the chambers of the cartridge 150 without the cariridge 150 including any

valves. Further, in some embodiments, the cartridge 150 is free of any valves.

{8676] In some embodimenis, liquids within the cartridge 150 are, at least in part, moved
through the cartridge using pumps 116- to 118 and valves coupled (o the supply and draw
ports of the cartridge, as described in more detail below. A schematic view of fluid transfer
componenis of the analyzer 100 is shown in FIG. 8. Manipulation of portions of the sample
within the cariridge 150 may also be facilitated using external motive forces, such as
magnets, or by movement of the cartridge 150 and utilizing ivertia and fhud dynamics to

move portions of the sample around the cartridge.

{0077} Asshown in FIG 8, in some embodiments, the carinidge 150 includes a plurality of
ports 134 to 157 for introducing and extracting fluid from the carindge 150, For example, n
some embodiments, the cartridge 150 includes inlet ports 154, 155 and outlet ports 156, 157,
The inlet ports 154, 155 may be configured to align with the supply ports 111, 112 of the
manifold 108. Likewise, the outlet ports 156, 157 of the cartridge 150 may be configured to
align with the draw ports 113, 114 of the manifold 108. Use of the inlet and outlet ports of

the cartridge 150 is described in greater detail below.

{0078] In another aspect, the disclosure provides a plurality of chambers for isolating a
target analyte of the sample and collecting a quantity of a first label that is proportional to the

concentration of the target analyie in the sample.

{8079  In some embodiments, the cartridge 150 1s planar and the chambers of the cartridge
fie in a single plane. For example, in some embodiments, the cartridge 150 is a flat cartridge
and the chambers of the cariridge are positioned circumferentially around the cartridge. The
term circumnferentially, as used herein, refers to the angular or circumferential direction, as
opposed to a radial or axial direction. Unless otherwise stated, the term circumferentially is
not intended to mean extending about the entire circumference of the cartridge, but rather to
denote the circurnferential direction in the plane of rotation. In some embodiments, al least a
group of the chambers may be sequentially connected circumferentially around a portion of

the cartridge.
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[0088]  In some embodiments, the cariridge may include a base, a body disposed over the
base, and a cover disposed over the body, where the body includes an open path extending
therethrough that defines the plurality of chambers of the cartridge 150, In some
embodiments, the body may be a single integral piece. Thus, for example, in some
embodiments, the side walls of all of the chambers and imnterconnecting channels of the
cartridge may be formed by a single integral piece that forms the body. Moreover, in some
embodiments the bodv and the base together form a single integral piece and the cover is
attached thereto. Likewise, in other embodiments, the body and the cover form a single
mniegral piece, and the base is attached thereto. For example in this embodiment, the body
and base may be a single molded piece of cvclic olefin polymer that is Som thick and the
cover may be a laminate of cyclic olefin polymer that is 188 microns thick. The laminate may
be bonded to the body using laser welding or wlirasonic welding to provide a bond that is as
strong as the maternials being bonded together. In some embodiments, the base, the body, and
the cover may be lavers of a laminate structure. For example, in some embodiments, the base
and the cover are both laminaled over opposing sides of the body. In some embodiments, the
cover and base of the cariridge 150 exiend over and close the chambers and microfluidic
charnels of the cariridge. although thev may include ports, as described above, to supply or

extract fluids from the cartridge.

{6681} In some embodiments, the cartridge is configured fo receive a sample in a range of
50 microhiters to 1 mulliliter. For example, in some embodiments, the cartridge is configured
io receive a sample in a range or 100 to 300 microliters. In particular, the cartridge may

mnclude a metered chamber for receiving the sample,

[0082] In some embodiments, the cartridge includes reagenis stored within at feast one of
the plurality of chambers. For example, in some embodiments, the cartridge mcludes
reagents that are stable and dried before the cartridge 15 inserted into the analvzer. For
example, the reagents may be lyophilized or dried onto the surface of one or more chambers
of the cartridge. Or they may be in the form of lvophilized pellets placed into one or more of

the chambers or the carinidge.

[6083] While the cartridge is shown and described herein in the form of a disc that spins
within the analyzer, in other embodiments, the cartridge is not a disc. Moreover, some

aspects of the disclosure are carried out without the use of a cartridge at all. For example, in
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some embodiments, aspecis of the disclosure are camied out in discrete separaie elements that

form the different chambers.
Processing Quality Control Camera

[0084] In some embodiments the analyzer 100 includes a processing quality control camera
for monitoring the movement of substances through the cartridge 150, For example, the
processing quality control camera may be mounted over the cartridge 150 so0 as to view the
substances mside the cartridge 150, Tn some embodiments, the processing quality control
camera is configured 1o output a representation of only light detected in the visible
wavelength spectrum, 1.e. the camera is not enabled to detect infrared or uliraviolet light. In
some embodiments, the controller 140 is confligured to analvze images from the processing
quality control camera so as to confirm that the sample processing occurs as expected or to
detect any unexpected circumstances. For example, the controller 140 may be configured to
detect the presence of an undesired air bubble in the cartnidge. Other example embodimenis

of using the processing quality control camera are described below.

[808%]  In some embodiments the analyzer includes a strobe that 1s positioned to illununate
the field of view of the processing quality control camera. For example, the strobe may be
configurad to activate at a frequency that corresponds to the rotational speed of the cariridge
150, in order to monitor a specific region of the cartridge 150 as 1t 1s rotated. Tn particular, in
some embodiments the strobe may be used when the centrifuge 101 is rotating the cartridge

150.
Optics Quality Control Camera

18086] In some embodiments, the analyzer 100 includes an oplics quality control camera
for monutoring the performance of the optical svstem 120. For example, the optics quality
control camera may use a mirror on a slide to intercept the optical path before after the
confocal stop to image the laser af the confocal stop in order 1o visualize that the
electromagnetic radiation has the appropriate intensity, is focused in the correct location, and
or has the correct intensity profile. In order to image the laser at the confocal stop the
objective may be positioned so that the electromagnetic radiation source is imaged onto the
surface of a window on the cartridge 150, When thus is done a portion of the radiation will
reflect off the window back towards the objective due to the difference in the index of
refraction of the window and the media on the other side of the window. This radiation will

be imaged by the oplical system onto the confocal siop. The window on the cartridge may be
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sized of the correct thickness to simulate the thickness of the window of the detection
chamber and height of the fluid layer between the window and focused spot of
electromagunetic radiation. The irnage of the electromagnetic radiation at the confocal step can
be analyzad by the controller 140. The controller 140 may be used to analyze the images
from the optics quality control camera to verify that the electromagnetic spot is of the correct
size, shape, intensity and position relative to the confocal stop to ensure there are no
anomalies in the optical system. The measured size, shape, intensity and position can be
compared to known and accepied values for these parameters. If the measured values are
outside accepted values or approaching the hmits of accepted values, the controller can notily

the user of the analyzer or prevent usage of the analyzer.
Example Method

{0087} FIGS. 10 to 18 illustrate an example cartridge and method that utilizes various
embodiments of the disciosure where the sample is blood. In other embodiments the
chambers of the cartridge and methods used mayv be suited for other sample types. For
example, analyzers, methods and cartridges of the disclosure may be suited for use with other
biological fluids, such as urine, diluted stool or oral fluid. Gther types of samples are also

possible. Further, the samples may be neat or diluted.
Loading and Sample Separation

{0088} As shown in FIG. 10, cartnidge 150 1s mitially loaded with a sample 152 in an indet
chamber 158. The nlet chamber 158 includes an input port 151 that receives the sample 152
prior to analysis. In some embodiments, the sample 152 is received in the cartridge 150 prior
io insertion in the analyzer 100, for example bv a medical professional or robot that uses a
syringe. in other embodiments, the inlet chamber 138 is loaded with the sample 152 after the
cartridge 150 is received in the analvzer 100. As mentioned above, in some embodimenis the
mput port 151 can be sealed prior 1o insertion of the sample 152, and the seal can either be
pierced or removed fo enable insertion of the sample 152, In other embodiments, the input
port 151 can be a simple opening that is available to receive the sample 152 without being
“opened.” In some embodiments the input port 151 can be sealed after the sample has been
imput. In other embodiments the manifold 108 contains a seal to cover the port when the
manifold is in contact with the cartridge. In some embodiments, the inlet chamber 158 1sa
metered chamber configured to receive a specific amount of sample, while in other

embodiments, the inlet chamber 158 1s oversized and can accommodale more sample than is
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used in the analysis. The inlet chamber 138 in the iHustrated example of FIGS. 910 18 is

configured to receive about 20041 of liquad.

[0089]  Once the sample 152 15 loaded mito the inlet chamber 138, as shown in FIG. 10, and
the cartridge 150 is inserted into the analyzer 100, the cariridge 150 is coupled to the
centrifuge 101 so that the centrifuge 101 may spin the cartridge 150, As explained in more
detail below, the geometry of the chambers and channels within the cartridge 150 are
designed to influence the transfer of fluid through the cartridge 150, In order to facilitate an
understanding of these geometries, the following description makes reference to
cylindrical/polar divections. In particular, use of the terms “inper,” “inward”, “outer”,
“outward” and similar descriptors refer to a radially ioner and radially outer direction with
respect to the center of rotation of the cartridge, which typically lies near the geometric center
of the cartridge. The description also references a first circumferential direction and a second
circumferential divection, which are related to the divection that the cartridge s configured o
be spun by the centrifuge, where the cariridge 15 configured to be spun in the first
circumferential direction. For example, an area at a first circumferential end of a chamber
will pass a stationary reference position before an area at the second circamferential end of
the same chamber. In the embodiment shown in FIGS. 9 to 18, the first circumferential
direction 1s clockwise, however other embodimenis of the cartridge may be configured o
spin in the opposite directions, such that in these embodiments the first circumferential

direction 1s counter-clockwise.

{0090}  With the cartridge 150 loaded in the analvzer 100, the centrifuge 101 15 activated to
rotate the cartridge 150 in order to move the sample 152 from the inlet chamber 158 through
an inlet channel 159 inio a separation area 160, as shown in FIG. 11, The rotation of
cariridge 150 causes the sample 152 1o move radially outward as a result of “centrifugal
force,” 1.e., the inertial phenomenon that causes ohjects to move outward when rotated. I the
sample volume is greater than the amount needed for analvsis, any excess may flow out of
the separation area 160 through an overflow channel 165, In some embodiments, the inlet
chamber 158 may be offset from the center of the cartnidge 150 to facilitate the transfer of the
sample to the separation area 160, In other embodiments, the inlet chamber 158 is located at
the center of the cartridge 150 so that rotation of the disc-shaped cartridge 150, once loadad
with the sample, will keep the sample and any other liquids received in the cartridge 150
away from the input port 151 Further, in some embodiments, input port 151 may be

centerad on the cartridge 150. In some embodiments to move the sample from the inlet
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chamber 158 to the separation area 160 the cartridge may for example, be spun up from 0
rpm to 1000 rpro at a rate of 2000 rpovs and held at that speed for a couple seconds, for
exampie 2-10 seconds. Thus the sample transfer may occur very quickly. The rotation rates
and accelerations provided are exemplary and the actual rates chosen will depend on the
sample being processed and may vary in rotation from 100 to 10,000 rpm with accelerations

varying between 100 rpro/s and 8000 rpi/s.

{06091} In some embodiments, the separation area mav include an joner separation chamber
161 and an outer separation chamber 162 configured to hold the different constituents of the
sample after they are separated. In some embodiments the center of the inner separation
chamber may be located at 19mun from the center of rotation and the center of the cuter
separation chamber may be located at 28mm from the center of rotation.  As the centrifuge
spins the cartridge 150, denser constifuents of the sample are pushed radially outward into the
outer separation chamber 162, while the less dense constituents move radially inward into the
imner separation chamber 161, In some embodiments, the inner and outer separation
chambers 161, 162 of separation area 160 are separated by a constricted neck 163 located for
example at 22mm from the center of rotation. The constricted neck 163 has a smaller cross-
sectional area than either of the charnbers. For example, in some embodiments the
constricted neck 163 may have a cross sectional area of 3mm’ while the inner separation area
162 has an average cross-sectional area of 12mm’ and the outer separation area 162 has an
average cross sectional area of 30nun®. In this example embodiment the neck 163 is sized to
readily allow more dense constituents to move downward while less dense constituent move
upward through the neck 163 quickly. However, as is discussed below the constricted neck
163 limiis the movement of more dense constituents into the inner separation area 161 when

the cartridge 1s rapidly decelerated.

[0092] In order to generate an accurate concentration value of the sample for further
processing, the precise volume of the sample should be known. If the sample 1s unable 1o fill
the separation area 160 and is unintentionally wasted, or if the separation area is sized to
accept more than the sample volume, accurate conceniration values might be difficult to
obtain. Therefore, in some embodiments the cartridge 150 may include various features for

metering a precise amount of fluid into the separation area 160.

[8093] For example, some embodiments of the cartridge 15¢ may include one or more

features to avoid the trapping of air in the cartridge, particularly during the transfer of the
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sample from the inlet chamber 158 {0 subsequent chambers. If air is irapped in the separation
area 160 as the sample 15 loaded therein, some of the sample may prematurely flow through
the overflow channel 165 and precise metering of the sample into the separation area 160
may be unsuccessful. Accordingly, avoiding the formation of frapped air in the cartridge

during loading s beneficial.

18024] In some embodiments, the mnlet channe! 159 15 coupled to a first circumferential end
of the inmer separation chamber 161, As the sample moves outward from the inlet chamber
158 through the inlet channel 159 and into the separation area 160, the rotation and/or
acceleration of the cartridge 150 m the first circumferential direction by the centrifuge 101
can cause the sample to flow in the second circumferential direction. Accordingly, if the inlet
channel 159 is coupled to the middle of the inner separation chamber 161, additional
precautions may be necessary to avoid the formation of trapped air in a corner at the first
arcamferential end toward the inner side of the inner separation chamber 161, However, if
the inlet chanmel 139 1s coupled to the first circumferential end of the inmer separation
chamber 161, as shown in the cartridge 150 of FIGS 9 1o 18, the inclusion of an inner comer
that 1s further in the first circumferential direction than the inlet channel 159 opening 1s

avoided. Likewise, air that maght be trapped in such a comer 15 also avoided.

[0095]  Further, 10 some embodiments, the inlet channel 159 may be constricted in size and
depth compared to the separation area 160. Such a constriction can slow the flow of sample
into the separation area 160, allowing air to be purged from the separaiion area 160 while it is
filling. Furthermore, the constricted size and depth may also help avoid the formation of a
sheet of liquid across a cross section of the separation area 160, which could also form
trapped air. For example, in one embodiment the depth of the mlet channel 159 may be
0.5mm while the depth of the inner separation chamber 161 1s Zmm.  Accordingly, the stream
of sample flowing into the mner separation chamber 161 from the mlet channel 159 will not
span the entire depth of the inner separation chamber 161, allowing air to flow around the

stream and out of the separation area 160.

18096] Further, in some embodiments, the cross-sectional area of the inlet channel 159 may
be narrower than the cross-sectional area of the constricted neck 163 between the inner
separation chamber 161 and the outer separation chamber 162, For example the inlet channel
159 may have a cross sectional area of 0.5 mm?’ while the constricted neck 163 has a cross

sectional area of 3mm?®. Accordingly, the volumetric flow rate of the sample indo the
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separation area 160 is unlikelv to overwhelm the constricied neck 163 and trap air in the outer

separation chamber.

{00977 To prevent the trapping of air in the outer separation chamber 162, 1n some
embodiments, the inner edge 164 of the outer separation chamber 162 extends at an angle
projecting inward as the inner edge 164 approaches the constricted neck 163 that separates
the inner separation chamber 161 from the ouler separation chamber 162, Accordingly, as
the outer separation chamber 162 fills with the sample due to the rotation of the cartridge. air
i the outer separation chamber 162 will “float” inward fo the inner edge 164 and then follow
the inner edge 164 to the consiricted neck 163, The air will then pass through the constricted

neck 163, through the inner separation chamber 161 and out of the separation area 160,

{0098] In some embodiments, the controller 140 1s configured to capture an image of the
separation area 160 or a portion thereof using the processing quality control camera after the
separation area 160 is filled. The controller may further be configured to analyze the image
io confirm that the volume of any air bubbles within the separation area 160 1s void of any air
bubbles or that the volume of air in the separation area is below a predetermined threshold.
For example, the coniroller may be configured to calculate the shape of any air bubbles
within the separation area 160 and calculate the overall volume of air within the separation
area 160. If the calculated volume of air 1s above a predetermined threshold, the controller
may be configured to discontinue the analvsis. Likewise. the controller may be configured to
continue the analysis if the calculated volume of air is below a predetermined threshold or is

ZL10.

[8099]  In some embodiments, the separation area 160 and swrrounding chamnels may
mnclude one or more features for precise metering of the sample and controlled separation of
componenis of the sample. For example, in some embodiments, the overflow channel 165
may be positioned to enable precise metering of the amount of sample 152 info separation
area 160. I the aroount of sample 152 received in the cartridge 150 is more than needed for
the analvsis, the excess wili discharge through the overflow channel 165. In some
embodiments, the overflow channel 165 leads to a waste chamber 166 where the excess

hquid may be stored.

{01066} Due to the rotation of the cartriidge 130 and the centrifugal force on the sample, the
separation area 160 fills from the outer end toward the inner end.  Accordingly, positioning

the opening of the overflow channel 165 at a particular radial position in the inner separation
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chamber 161 dictates the quentity of sample that can be loaded into the separation area 160.
For example, as the centrifuge 101 spins the cartridge 150 the sample will move toward the
outer end of the outer separation chamber 162 and produce a fill line that rooves mward as
the separation area 160 fills. Once the fill line reaches radial position of the overflow channel
165, for example at a radial distance of 17mm, any additional volume of sample that enters
the separation area 160 will exit the separation area 160 through the overflow channel 165,
Therefore, the quantity of the sample that will be analyzad can be precisely metered hased on

the radial position of the overflow channel 165.
Separation of Sample Constituents

{0101} As shown in FIG. 12, after the sample has been loaded into the separation area 160,
the centrifuge 101 may continue to spin the cartridge 150 in order to separate the sample 152
mnio different constituents. For example, the centrifuge 101 may spin the cartridge 150 so as
to send denser constituents of the sample outward leaving less dense constituents radially
mward. In some embodiments, the speed of the centrifuge 101 may be increased to separate
constituents of the sample 152. For example, in one embodiment, after loading the sample
the cenirifuge 101 may accelerate the cartridge 150 to a speed of 10600 rpm at an acceleration
of 2000 rpiv/s. Upon reaching 1000 rpm the centrifuge 101 may further accelerate the
cartridge 150 at 5000 rpnvs to a rate of 7000 rpm and hold at that rate for 90 seconds to
separate the constituents. In another embodiment the centrifuge 101 may skip the mitial
transfer rotation speed and proceed directly from O rpm to a separation speed of 10,000 rpm
at an acceleration of 2000 rpnv/s. The separation step may occur at rotational speeds from
1000 rpm to 20,000 rpm depending upon the sample being analyzed, the radius of the
separation chamber from the center of rotation, and the strength of the cariridge 150 to resist
fracture. The duration of the separation may be carried out in a range of 10 second to S

minutes.

{0102} In some embodiments, the sample 152 mav be whole blood and the continued
rotation of the cartridge 150 may separate the red blood cells from the plasma, as depicted in
FIG. 12, For example, in the separation area 160 of the illustrated erabodiment, the imner
separation chamber 161 may act as a plasma compartment and the outer separation chamber
162 may act as a red blood cell trap. In response to high-spead rotation of the cartridge 150,
the more dense red blood cells are pushed radially outward, while the less dense blood

plasma rooves radially inward into the plasma corapartment 161
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{01831 The angled inner edge 164 of the outer separation chamber 162 may aid in
separating the constituenis of the sample n a similar manner as it promoted removal of air
from the outer separation chamber 162, as described above. As the centrifuge 101 spins the
cartridge 150, the more dense constituents will move cutward and the less dense constituents
will move inward. Accordingly, stmilar to the flow path of air in the outer separation
chamber 162 during the filling process, the light constituents of the sample will move mward
and then follow the angled inner edge 164 of the outer separation chamber 162 until they

reach the constricted neck 163 and pass through to the inner separation chamber 161,

[#104] In some embodiments, the controller 140 may be configured to capture an image of
the separalion area or a portion thereof using the processing quality control camera after the
separation process. The controller 140 may further be configured to analyze the image to
determine the fill level of denser constituents of the sample in the separation area 160. In
some embodiments the coniroller 140 15 configured to confirm that ceriain denser
constituents of the sample have moved outward from a predetermined fill level. The
controller may likewise be configured to continue the analysis in response to such a

confirmation.

[8108]  For example, where the sample is whole blood, the controller 140 may be
configured to analyze the image to determine the fill level of red blood cells in the separation
area. if the fill level of the red blood cells is outside of a predetermined radius, the controller
140 may be configured to continue the analysis. On the other hand, if the fill level of the red
blood cells is inside of the predetermined radius, the controller 140 may be configured to
send a control signal to the centrifuge 101 to continue spinning the cariridge in order o
further separate the constituents of the blood sample. For example an image may be captured
and analyzed at 90 seconds of separation time. If the level of red blood cells 1s inward of a
threshold distance of, for example 22nun from the center of rotation, the controller 140 may
be configured to send a control signal to spin for another 30 seconds before capturing an
addifional image and reevaluating the level of red blood cells. In some embodiments, the
duration or speed of this additional conirol signal may be based on the identified fill level of
the red blood cells. Alternatively, the controller 140 may be configured to discontinue the
analysis. In some embodiments, the method is configured to transfer a portion of the sample
that excludes the red blood cells. The inclusion of red blood cells will add hemoglobin to the

plasma, which can impact the analysis. Accordingly, identifying the fill level of the red
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blood cells allows the guality of the blood plasma that 15 transferred for further analysis to be

determined.

{01061 Likewise, in some erbodiments the image of the separation area 160 after the
separation process may be analyzed by the controller to determine the clarnity of the blood
plasma in the inner separation chamber. Further, the controller 140 may be configured to
proceed with the analysis in response to confirming that the blood plasma meets a threshold

clarity.

[0107]  Further still, m some embodiments the controller 140 may be configured to analvze
the image of the separated blood samiple to determine a hematocrit level of the blood based
on the radial distance of the red blood cell hine and the time of spin. Those skilled in the art
will readily appreciate that for a given chamber geometry, rotation rate and rotation tire,
blood of a lower hematocrit level will exhibit a separation line at a larger radius than blood
with a higher hematocrit level. For a given carindge geometry and spin parameters, different
hernatocrit tevels can be run and evaluated to determine a calibration table that 1s stored in the
controller 140. When a sample of unknown hematocrit is run the separation line, after a
predefined spin time, can be compared to values stored in the controller to determine the
hematocrit level of the sample being run. Further, the controller 140 may be configured to
proceed with the analysis in response to confirruing that the hematocrit level is below a

predetermined threshold.
Transfer of Supernatant

{0168} As shown in FI(. 13, a portion of the sample 152 may be removed from the
separation area 160 through a siphon 167 exiending from the separation area 160, The siphon
167 may be in the form of a microfluidic channel with a cross sectional area of Im? that
feads to a second chamber, such as mixing chamber 175, The siphon 167 may include a first
section 168 extending from the separation area 160, a peak 169, and a second section 170 that
extends from the peak 169 to the nuxing chamber 175, The first section 168 of the siphon
167 extends from a siphon infet 171 away from the inner separation chamber 161 toward the
peak 169 in a direction that has a radially inward component. Further, the second section 170
extends from the peak 169 1o a siphon outlet 172 point that is further radially outward than
the siphon inlet 171 of the siphon. For example, the siphon inlet 171 may be at a radial
position of 21mm from the center of rotation, whereas the siphon peak may be at 16mm from

the center of rotation and the siphon outlet 172 may be at aradial distance of 30mm from the
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center of rotation. Other radial distances may be chosen to suit the needs of the application as
tong as the siphon outlet 172 1s at greater radial distance than the siphon infet 171 and the
peak 169 is at a radial distance of less than both the siphon indet 171 and siphon outlet 171
Thus, the peak 169 is the radially inner-most point of the siphon 167 and the siphon outlet
172 is radially outward compared to the siphon inlet 171, Accordingly, because the rotation
of the centrifuge generally drives the sample radially outward, once a portion of the sample
passes over the peak 169, the siphon 167 will drive a portion of the sample from the inner

separation chamber 161 to the mixing chamber 175.

{8109 In some embodiments, the siphon mav be primed, 1.e., a portion of the sample may
be compelled past the peak to begin the siphonmng action, through capillary action. In other
words, capitiary force mav draw the sample into the first section 168 of the siphon 167 and
over the peak 169 until the siphoning action draws further fluid from the inner separation
chamber 161, The cross-sectional area of the siphon 167 may be smaller, for example about
0.1 mm? to about 0.3 mm?, or about 0.2 o, to facilitate capillary action. In other
embodiments, the siphon 167 may be primed through the use of pumps that draw the sample

o the siphon 167 until the sample passes the peak.

[6118] Further, in some embodiments the siphon may be primed by acceleration. For
exarnple, in one embodiment after the cartridge 130 completed the separation step at 7000
rpm it 18 slowed down by centrifuge 101 to 3000 rpm at 2000 rpnv/s to prepare for the siphon
step. While the cariridge 150 is spinning in the first circumferential direction, inertia will
cause the sample to be impelled to continue moving in that direction. Accordingly, if the
cartridge 150 is decelerated quickly from 3000 rpim to O rpm for example at 8000 rpm/s,
inertia will cause the sample 152 to continue moving in the first circumferential direction and
the sample will flow through the first section 168 of the siphon 167 due to its extension along
the first circumferential direction and through the peak 169 which is radially outward of the
fill fevel of the separation area 160. At this point the centrifuge 101 may reverse the direction
of spin to -1000 rpm at an acceleration of 2000 rpm/s and hold that speed. Centrifugal force
will cause the fluid in channel 170 to move radially outward toward the siphon outlet 172
which is radially outward of the siphon inlet 171 The separation area 160 will continue to
drain until the fill level is radially outward {or “drops below™) the connection where the first
section 168 of the siphon 167 opens inio the muner separation chamber 161, This method of
priming and siphon is significantly faster than the capiliary action and or pump-based

priming and siphon as the entire process can occur in several seconds. In some embodiments,
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the peak 169 is radially inward of the overflow channel 165, which prevents sample from
flowing through the siphon 167 while the separation area 160 is being filled. Other rotational
speeds and accelerations can be used as long as the acceleration is enough to force the fluid
over the siphon peak 168 and the cartridge 150 continues to spin pulling fluid out of the

separation area 160,

18111} As stated above, the first section 168 of the siphon 167 extends in the first
circumnterential direction and radially inward. Further, in some embodiments, the shape of
the first section 168 of the siphon 167 is particularly shaped to promote priming of the siphon
167. For example, in some embodiments a portion of the first section 168 at the end that 1s
connected 1o the tnner separation chamber 161 15 substantially parallel to the {irst
circumferential direction, e.g. within 10 degrees of paraliel. As the first section 168 extends
toward the peak 169 it gradually curves inward. As stated above, upon deceleration of the
cariridge 150 the sample is urged in the first circumferential direction. Accordingly, with the
first portion of the first section 168 substantially aligned with the fust circumferential
direction, the sample flows into the siphon 167 with great momentum. As a result of this
momentum, the sample is able to reach and flow past the peak 169, thereby priming the

siphon 167.

{0112} In some embodiments, the position of the connection between the first section 168
of the siphon 167 and the inner separation chamber 161 is selected to transfer a metered
amount of sample through the siphon 167, For example, in the depicted embodiment in FIG.
13, the siphon 167 will transfer a precise amount of the sample, for example SO microliters,
based on the distance between the opening of the overflow channel 165 and the opening of
the first section 168 of the siphon 167 i the radial direction. As the sample is transferred
through siphon 167, the fill level in the mner separation chamber 161 will fall (1.e., move
radially outward} and be replaced by air from the mlet channel 159 or overflow channel 163,
Once the interface between the sample and the air reaches the first section 168 of the siphon
167, no additional amount of the sample will be pulled from the inner separation chamber
161, Accordingly, the postiion where the first section 168 opens into the inner separation
chamber 161 may be used to define a metered amount of sample that is transterred to

downstream chambers.

{01131 The position of the opening of the first section 168 of the siphon 167 into the mnner

separation chamber 161 may also be selected to limit the transfer through the siphon 167 of
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only certain constituents of the sample. For example, in the embodiment where the sample 15
whole blood and the separation chamsbers 162, 161 are used to separate the red blood cells
from the plasma, the opening of the first section 168 may be positioned radially mward from
the separated red blood cells. An unintentional inclusion of red blood cells in the sample that
is transferred to the mixing chamber can result i hemoglobin contamination during the
mixing process. Accordingly, it 15 advantageous to place the opening of the first section 168
to avoid the inclusion of red blood cells in the sample that is transferred through the siphon
167. Therefore, where the owter separation chamber 162 is a red blood cell trap that is
configured to receive the red blood cells after the separation process, the opening of the first
section 168 may be positioned radially inward from the from the red blood cell trap and
within the plasma container. Likewise, the volume of the outer separation chamber 162 may
be selected based on typical red blood cell volumes, for example a hematocrit level of 52% to
ensure that the volume of the red blood cell tfrap can accommodate the volume of red blood

cells present in most whole blood samples.

[0114] In some embodiments the outer separation chamber 162 extends away from the
constricted neck 163 in the first circumferential direction. Accordingly, as the cartridge 150
is decelerated and the less dense constituents of the sample are urged through the siphon 167,
the more dense constituents are likewise wrged toward the closed end of the outer separation
chamber 162 and away from the constricted neck 163 and the siphon entrance 171. For
example, in embodiments using whole blood, as the blood plasma that 1s above the
constricted neck 163 1s transferred through the siphon 167, the red blood cells are urged

toward the closed end of the red blood cell trap formed by outer separation chamber 162,

[#118] As discussed a large deceleration may be used o prime the siphon. As the cartridge
is decelerating the dense components in the outer separation charnber move towards the
closed end and away from constricted neck 163 . However, there mav be a density gradient in
the outer separation chamber where the fluid density is higher toward the more radially
outward portions of the outer separation chamber 162. In this case there can be some
backflow at the top of the outer separation chamber where the separated components at the
top of the chamber move toward the constricted neck 163. If those components move far
enough toward the neck 163 they may be carried up into the upper separation chamber 161
and siphoned oul of the upper separation chamber 162 into the mix chamber 176, While this
can be controlied by spinning longer to further pack the dense componenis or by decelerating

at a lower rate it may advantageous to add baffles 191 in the lower separation chamber as
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shown in FIG 14. The baflles 191 may extend substantially through the depth of the outer
separation chamber 162 and be positioned to impede motion of the dense constituenis in the
outer separation chamber. To facilitate the removal of air during nitial filling of the lower
separation chamber and to facilitate separation in the lower separation chamber the baffles
191 mav be spaced away from the outer walls of the outer separation chamber 162. The
baffles can be round, oval, square or rectangular. Further there can be multiple rows of
baffles at different radial distances to form a grid. Further, the rows can be offset in the

circumferential direction.

{8116} Figure 19 shows an alternative embodiment of siphon 167 including a vent channel
174 at the peak of the bend 169, The vent channel 174 extends from the peak of the bend 169
mward toward the center of the cartridge and is used to facilitate pump-based transfer of the
sample from the separation area 160 to the mixing chamber 175. When the manifold 108 is
not engaged the vent channel 174 1s open to air. When manifold 108 registers on cariridge
150 the vent may be covered by a seal and closed. In an example method of operating the
siphon 167 including the vent channel 174, after separation of the blood plasma the manitold
108 is brought into registraiion and contact with the cartridge 150. The draw pump 118 draws
gas from the cartridge 150 through outlet port 156 pulling sample from separation area 160
through siphon line 167 and into mixing chamber 175. After a precise, predefined draw
volume, the manifold 108 is raised and disconnected from the cartridge 150 and the vent
channel 174 is opened to air. Centrifuge 101 then spins the cartridge 150 such that the sample
remaining n siphon line 167 moves down both sides of the siphon line due to centrifugal
force and away from the vent channel 174, The vent channel 174 enables movement of the
sample by allowing air pulled in through the vent channel o displace the sample in the siphon
line 167 as the sample moves away from the center of rotation toward nux chamber 175 and
toward the separation area 160. Upon spinning of the cartridge, in the absence of the vent
channel 174, siphon action would drain the separation area 160 up to the point where air
reaches the entrance {0 the siphon line as previously discussed. In the vented embodiment of
the siphon line 167 the amount of sample transferred to the mixing chamber can be
determined by the pump draw volume rather than the geometry of the separation area and

siphon line. Therefore, the volume of sample transferred is selectable rather than fixed.

Sample Mixing
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{8117} From the separation area 160, the biood plasma moves to the mixing chamber 175
which may have reagents therein. For example, the mixing chamber 175 may include
Ivophilized paramagnetic capture beads 177, a detection label, a control analyte, and a control
label. Once in the nuxing chamber 175, the blood plasma is mixed with the reagents by rapid
acceleration and deceleration of the cartridge 150, all while continuing to rotate in the first

circumnferential direction, as shown in FIG. 14

[0118] In some embodiments, the mixing of the blood plasma with the reagents is
facilitated by a mixing ball 176 disposed i the mixing chamber 175, The acceleration and
deceleration of the cartridge 150 as if rotates in the first circumferential direction causes the
mixing ball 176 {0 move back-and-forth through the mixing chamber 175 bouncing off the
walls thereof. For example, in one embodiment the centrifuge 101 may move the cartridge
150 at rotational speed between 200 rpm and 3500 rpm accelerating and decelerating at 1500
rpiv/'s. This corresponds o a nux frequency of SHz, The turbulent movement of the mixing
ball 176 mitially rehydrates and releases the paramagnetic capture beads. detection label,
control analyte, and control label into the plasma. The nuxing ball 176 furthermore helps
facilitate the binding kinetics of the target analyie to the paramagnetic capture beads 177 and
detection label. After the nuxing step, the target analyte and detection label may be attached
together and to the paramagnetic capture beads that are dispersed throughout the bicod
plasma. In some embodiments, the rehydration of the reagents and the incubation of the
iarget analyte occur in less than 20 minules, for example, less than 10 minutes, or less than 5

munutes.

[0119] In some embodiments the mixing chamber 175 has geometric features that enhance
the mixing ability of the mixing ball 176 by varving the direction of the mixing ball 176. For
exarmple, in some embodiments, the outer surface of the mixing chamber 175 includes a
rough or textured surface to promote bouncing of the mixing ball as it rolls back and forth.
Likewise, in some embodiments, the outer surface of the mixing chamber 175 may include a
radiaily inward projection so as to cause the mixing ball to “jump”™ as it passes over the
projection. Further, in some other embodiments the ends of the muxing chamber 175 are
sloped in the radially inward direction to push the mixing ball inward at the ends of the
mixing chamber and cause the mixing ball reverse directions and pass back through mixing
chamber near the radially immer side of the mixing chamber. For example, both ends can have
such a slope to enable a figure eight pattern of the nuixing ball as the cartridge i1s moved

rotational back and forth.
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[#128] The term “mixing ball” is used herein in reference to the movement of this feature,
and not with regard to any particular shape. Thus, the mixing ball 176 may be spherical in
some embodiments, but have another shape in other emboduments. As examples, the nuxing
ball 176 may be oval, cubical, or star shaped. In some embodiments, the mixing ball is non-
magnetic. The term non-magnetic, as used herein, includes those materials that are neither
magnetic nor paramagunetic. Further, in some embodiments, the surface of the nuxing ball
mcludes a substance that has low reactivity. For example, in some embodiments the mixing
ball 176 may include brass, glass or Teflon. Plastic, ceramic or other hard materials with a
density higher than the sample may also be used for the mixing ball. In other embodiments,
particularly those where paramagnetic capture beads are not used, the mixing ball 176 may
mclude ferromagnetic materials, such as sieel. Likewise, in some embodiments the mixing

ball is coated with a substance that has a low reactivity.

18121} In some embodiments, the miking chamber and surrounding channels include one or
more features o retain the sample in the nuxing chamber during a maxing process. For
example, in the cartridge 150 shown in FIGS. 910 19, both the ante mixing chamber channel,
which is formed by the siphon 167, and the post mixing chamber channel 173 extend radially
mward from the mixing chamber 173, Accordingly, centrifugal force as the cartridge 15015

spun by the centrifuge 101 urges the sample outward and into the mixing chamber 175

{0122} Likewise, to prevent movement of the sample out of the mixing chamber by
capillary action, at least one of the channels 167, 173 connected directly o the mixing
chamber 175 may mclude a capillary break 178, 179, For example, in the cartridge 150 as
shown in FIG. 14, both the ante nuxing chamber channel 167 and the post mixing chamber
channel 173 include respective capillary breaks 178, 179. Each of the capillary breaks 178,
179 1s formed bv a section of the respective channel 167, 173 that expands in the direction
leading away from the mixing chamber 175 The expanding cross sectional area of the
capillary break 178, 179 results in a reduced capillary force as the sample moves away from
the mixing chamber 175. The use of capillary breaks 178, 179 reduces the effect of capillary
action and keeps the incubated fluid in the chamber after the mixing and ncubation of the
paramagnetic capture beads, detection labels, control analytes, and conirol labels. This
enables time for the magnet 130 to pull the paramagnetic beads out of suspension without the
mcubaled fhuid teaving the chamber 175 as 15 discussed in more detail below. In the

embodiment shown in FIGS. 9-19, the capillary breaks are in the form of diamonds. In other
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embodiments, other shapes that expand as they project away from the mixing chamber 175

are also possible.

[6123] Further, the use of two capillary breaks may help balance the forces on the sample
to retain the sample in the muxing chamber 175, For example, the mixing chamber 175 may
be filled to such an extent that the fill line lies on both sides of the mixing chamber 175
within the capiliary breaks 178, 179, Accordingly, if the sample moves toward one side of
the mixing chamber, such that the fill line in one of the channels moves radiallv inward
toward a widened section of the respective capiliary break {e.g., 178), the capillary force
within that channel will be reduced. Simultaneously, the fill ling in the channel on the
opposing side of the mixing chamber 175 should move radially outward and into a smaller
cross-sectional area of the opposing capillary break (e g.. 179) where the capillary force will
be stronger. Thus, the capiliary forces on the sample from both capillary breaks will urge the
sample o remain within the mixing chamber. To help facilitate this balancing effect, in some

erobodiments the two capillary breaks 178, 179 are at the same radial position.

{0824} The capillary breaks 178, 179 may also serve as a reservoir to hold a portion of the
sample during the early stages of the mixing process. In some embodiments the reagents may
be stored in a stable and dry form within the cartridge 150, For example, the reagents may be
Ivophilized prior to the analysis method of the disclosure. In such a case, the mixing of the
blood plasma and the lvophilized reagents that occurs within the mixing chamber 175 may
esult in the release of air that was captured during the lyophilization process. Again, due to
cenirifugal force caused by rotation of the cartridge, this air will move radially inward and
out of the sample as the mixing process ensues. Thus, the overall volume that 1s occupied by
the sampie when i first reaches the mixing chamber is larger than later in the mixing process
when the air has been released. The capillary breaks 178, 179 can act as aveservoirto hold a

portion of the sample until the air has been released and allowed to escape from the sample.

{0125} In some embodiments, the controller 140 may be configured to capture an image of
the mixing chamber 175 or a portion thereof using the processing quality control camera after
the transfer from the separation area 160, The controller 140 may further be configured 1o
analyze the image to determune the fill level of the nuxing chamber 175, Knowledge of the
pracise volume of the sample that is analyzed can be useful in determining an accurate
concentration of the target analvte. Accordingly, the controller 140 may be configurad to

proceed with the analysis in response to determining that the volume in the mixing chamber
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175 exceeds a threshold value. Furthermore, the controller 140 may be configured to use the

volume of the sample that 15 analyzed for normalizing the data resulting from the analysis.

[#126] In some embodiments, the volume of the portion of the sample that is transferred to
the nuxing chamber 175 15 larger than the volume of the nmixing chamber, such that a portion
of the sample remains in the ante mixing chamber channel 167 and the post mixing chamber
channel 173, Thus, the controller 140 may be configured to identify the meniscus line of the
sample m both channels from the 1mage captured by the processing quality control camera

and calculate the volume based on the position of these meniscus lines.
Magnetic Movement of Sample

{01271 In some embodiments the analyzer 100 may nclude one or more magnets 130 {106}
configured to move the paramagnetic caplure beads as described in more detail below. As
iustrated in the cross-sectional portion of the analyzer 100 shown in FIG. 20, each of which
may be coupled to moveable stages 132, 133, The magnets 130, 131 may be positioned
above or below the cartridge in order to enable movement of the paramagnetic capture beads
177 from outside of the cartridge 150, Linear movement of the magnet 130 in the radial
direction and axial directions, combined with rotation of the cartridge 150 by the positioning
motor 110 of the manifold allows the magnet 130 to be positioned over any portion of the
cartridge 150 without the need to move the magnet 130 in the circurnferential direction.
Thus, in some embodiments, the stage 133 may be enabled to move the magnets 130, 131
forward and backward along the radial direction of the cartndge 150 using the radial magnet
stage 133, as well as toward and away from the carindge 150 in the axial direction to
miroduce or remove the magnetic attraction of the paramagnetic capture beads 177 using the
axial magnet stage 132, In other embodiments, movable stages may be operable to move in
three dimensions $o as {0 move over any portion of the cartridge 150 without the need for the
cariridge 150 {0 be rotated. In some embodiments, the magnet may be an electromagnet,
while in other embodiments, the magnet may be a permanent magnet. Further, in some
embodiments the electromagnets can be activated using AC or 126 current to further facilitate
manipulation of the paramagnetic beads.

{0128} Once the conients of the mixing chamber 175 are thoroughly mixed and the target
analytes are attached to the dispersed paramagnetic capture beads 177 (as shown in FIG. 14),

the magnets 130, 131 may be mtroduced to move the paramagnetic capture beads 177

through the cartridge 150, With the magnet 130 placed adjacent to the muxing chamber 175,
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the cartridge 150 may be rotated back-and-forth over the magnet 130 in order to gather the
paramagnetic capture beads 177 o a bolus, as shown in FIG. 16, In some embodiments,
the controller 140 1s configured to capture an image of the bead bolus afier the paramagnetic
capture beads have been collected using the magnet 130. Further, in some embodiments, the
controlier 140 is configured to measure the size of the paramagnetic bead bolus and proceed
with the analysis if the size of the bead bolus 15 within a predetermined range. Otherwise the

controller 140 may identify an error and discontinue the analysis.

[0829]  In some embodiments, after the paramagnetic capture beads 177 are secured by the
magnet 130, a wash buffer 182 may be pumped through the mixing chamber 175 so as to
remove the blood plasma therefrom, as shown in FIG. 16, In some embodiments, during the
purging of the blood plasma from the mixing chamber 175, the bolus of paramagnetic capture
beads 177 may be held in a particular location of the mixing chamber 175 to avoid dispersion
of the bolus. For example, the bolus may be positioned in a comer of the mixing chamber

175 during the purging of the blood plasma.

[0136] In some embodiments, the wash buffer 182 15 deliverad to the mixing chamber 175
via 8 wash chamber 181. The mixing chamber 175 and wash chamber 181 may be radially
offset from one another. Further, in some embodiments, the microfluidic channel between
the nuxing chamber 175 and the wash charober 181 mayv extend along a radial line and have a
cross sectional area of 1mm?. In other words, the microfluidic channel between the mixing
chamber 175 and the wash chamber 181 does not extend along the circumferential direction.
Accordingly, the fhnd n the mixing chamber is not compelled to flow through the channel
from the mixing chamber 175 {o the wash chamber 181 dwwing either acceleration or
deceleration of the cartridge 150 during the mixing step. Moreover, as explained above, the
post mixing chamber channel 171506 mav include a capillary break 178 that helps retain the

sample in the mixing charober 175

[0131] In some embodiments, the wash buffer 182 is introduced into the cartndge 150 via
the manifold 108 using a wash pump 116 and the elution buffer 185 may be pumped into the
cariridge 150 via the manifold 108 using an elution pump 117, as shown 1o FIG. 8. Tn one
erobodiment, 150 microliters of wash buffer 182 may be pumped by the wash pump 116
through the wash supply port 111 of the manifold 108 and into the cartridge 150 through the
wash mlet port 154 to fill the wash chamber. Likewise, in another embodiment, for example

25 mucroliters of elution buffer 185 may be purnped by the elution pump 117 through the
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glution supply port 112 of the manifold 108 into the cartridge 130 through the elution infet
port 155 1o fill the elution chamber. As explained above, each of the supply ports 111, 112
can be carefully positioned to engage with the respective inlet ports 154, 155 soasto form a

sealed connection.

{0132} In some embodiments, the controller 140 mav be configured {0 capture an image of
at feast a portion of the wash chamber 181 after 1t 15 filled with wash buffer 182, Further, the
controller 140 may be configured to analyze the image of the wash chamber 181 to confirm
the absence of air within the wash chamber 181 or to confirm that the volume of any air
bubbles within the wash chamber 181 is below a predetermined threshold. For example, the
controller 140 may be configured to calculate the shape of any air bubbles within the wash
chamber 181 and calculate the overall volume of air within the wash chamber 181, fthe
calculated volume of air is above a predetermined threshold, the controller may be configured
io pump i more fluid or discontinue the analvsis. Likewise, the controller may be
configured to continue the analvsis if the calculated volume of air is below a predetermined
threshold or is zero. A similar process can be used with regard to air in the elution chamber
184, Specifically, the controller 140 may be configured to analyze the image of the elution
chamber 184 to confirm the absence of air in the elution chamber 184 or {o confirm that the
volume of any air bubbles within the elution chamber 184 is below a predetermined
threshold. For example, the controller 140 may be configured to calculate the shape of any
air bubbles within the elution charnber 184 and calculate the overall volume of air within the
elution chamber 184, f the calculated volume of air is above a predetermined threshold, the
controlier may be configurad to discontinue the analysis. Likewise, the controller may be
configurad to continue the analvsis if the calculated volume of air in the elution chamber 184

is below a predeternuned threshold or is zero.

{0133} The analyzer 100 may also mclude a draw pump 118 that is coupled to the cartridge
150 via the manifold 108, In particular, the cartridge 150 may include a wash outlet port 156
and an elution outlet port 157 that are connected 1o the draw pump 118 via the manifold 108.
In particular, the wash outlet port 156 may be coupled o the wash draw port 113 of the
manifold 108 and the elution outlet port 157 may be coupled to the elution draw port 114 of
the manifold 108. The inlet and outlet poris may form two respective fluid lines through the
cartridge 150, In particular, wash inlet port 154 and wash oulet port 156 may form a wash
line 183. Likewise, elution inlet port 155 and elution outlet port 157 may form an elution line

186 through the cartridge 130, Operation of the wash pump 116 and draw pump 118 may
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control the flow of wash buffer 182 through the wash line 183, while operation of the elution
pump 117 and draw pump 118 may control the flow of elution buffer 185 through the elution
line 186. Notably, in some embodiments, no wash buffer 182 or elution buffer 185 15
actually drawn through the respective wash outlet port 156 and elution outlet port 157, but
instead only gas is removed through these outlet ports as a wayv o control the movement of
the respective fluids through the wash line 183 and elution hine 186, For instance, waste
chambers in the cartridge may be large encugh that it is not necessary to remove fluid from
the cartridge. Further, in some embodiments, each of the wash line 183 and elution line 186
may be coupled {0 a respective draw pump, rather than both being coupled to a single draw
pump. Further, a single draw pump may be connected fo the wash line 183 at one point in

time and alternatively connected only to the elution line 186 at a different point in time.

{0134} In some embodiments, the wash pump 116 and the draw pump 118 are carefully
controlled to avoid wash butfer 182 from entering the detection chamber 184, Further, in
some embodiments, the analyzer operates the wash purap 116 and draw punp 118 to
maintain a body of air in the connecting passage 187 as the wash fluid is drawn inio the wash
chamber, as shown in FIG. 16, For example, in some embodiments the controlier operates
the wash pump 116 and draw pump 118 at stmilar flow rates to transfer wash buffer along the
wash line to avoid wash fluid from straying outside of the wash line. Stmilarly, in some
embodiments the elution pump 117 and the draw pump 118 are controlled to avoid ehation

buffer 185 from entering the wash chamber 131,

18135] Moreover, in some embodiments the elution buffer and wash buffer are introduced
to the cartridge simultaneously and controlled so as to avoid cross contamination. For
example, in some embodiments, as the wash buffer 182 and elution buffer 185 are introduced
mio the respective wash line 183 and elution hine 186, the wash pump 116, the elution pump
117 and the draw purap 118 are controlled s0 as to forra an air bubble 10 the connecting
passage 187 connecting the wash line 183 and elution line 186, In particular, in some
embodiments, this connecting passage 187 extends between the wash chamber 181 and the
detection chamber 184, The air bubble forms a dam that prevents mixing of the wash buffer
182 and elution buffer 185, serving as an “air spring.” Moreover, the air bubble can be
visibly monitored to verify that the fluids are not mixing, as explained in more detail below.
In some embodiments, this air bubble is mamtained until the target analyie is moved into the

detection chamber 184,
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[#136] The use of a body of air, or air bubble, in the connecting passage avoids the nead for
a valve that controls flow between the wash chamber and elotion chamber. In some
embodiments, the controller 140 may be configured to capture an image of connecting
passage 187 between the wash chamber 181 and the elution chamber 184 in order to confirm
the presence of a body of air therein. If, after analyzing the image of the connecting passage
187, the controller identifies the presence of a body of air in the connecting passage 187, the
controller 140 may be configured to proceed with the analysis. On the other hand, if the
controller 140 does not identify a body of air in the connecting passage 187, the controller

maybe configured to discontinue the analvsis of the disclosure.

41371 In some embodiments, at least one of the wash hine or elution line mcludes an air
trap. For example, in some embodiments the depth of the wash line 183 is increased in an
area between the wash inlet port 154 and the wash chamber. This increase in the depth of the
wash line 183 provides a space for any air that is pumped into the wash line to be caught. For
example, in some embodiments, the analyzer holds the cartridge horizontally such that the
depth direction is parallel to gravity. Accordingly, any air in the wash line 183 will float up
and into the air trap caused by the increased depth of this section of the wash line. The

elution line 186 may have a sinular air trap in a vicinity of the elution inlet port 155,

{0138} With the paramagnetic capture beads 177 collected into a bolus in the mixing
chamber 175, as shown in FIG. 15, the magnet 130 may be moved by the movable stage 133
in conjunction with rotation of the cartnidge 150 to carry the bolus of paramagnetic capture
beads 177 into the wash chamber 181, In some embodiments, the controller 140 may be
configurad to capture an image of af least a portion of the wash chamber 141 after the bead
bolus of paramagnetic capture beads 171 has been {ransferred to the wash chamber 181,
Further, in some embodiments, the controller 140 1s configured (o measure the size of the
paramagnetic bead bolus in the wash chamber 181 and proceed with the analysis if the size of
the bead bolus in the wash chamber 181 is within a predetermined range. Otherwise the

controller 140 may identify an error and discontinue the analysis.

1813%8] Once the paramagnetic capture beads 177 are disposed in the wash chamber 181,
the cartridge 150 mav be rotated back and forth to effectively wash the paramagnetic capture
beads 177, removing all contaminants from the sample except the target analyte, detection
iabel and any controls used in the system, as schematically shown in FIG. 17. In some

embodiments, the spent wash buffer may be swept out of the wash chamber 181 and anew
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volume of wash buffer 182 added to the wash chamber 181 before repeating the wash step.

The washing step may be performed several fimes, for example three or more times.

{0140} To some embodiments, a second magnet 131 may be introduced during the washing
step to disperse and recondense the paramagnetic capture beads 177 during a series of steps
of a washing operation. In particular, the magnet 130 and the second magnet 131 may be
disposed on oppostie sides of the wash chamber 181 1n order to disperse and recondense the
paramagnetic capture beads 177 as they move across the wash chamber 181, Spreading out
the paramagnetic capture beads 177 allows them to be more efficiently washed by the wash
butfer than if the beads held together in a bolus. Accordingly, the time and number of cycles

needed for the washing step may be reduced compared to conventional washing methods.

{0141} FIGS. 21 and 22 illustrate two example embodiments of a washing operation
according the invention. FIG. 21 dlustrates a washing operation in which two magnets 130,
131 are moved with respect to the wash chamber 181 in a saw tooth patiern. In particular,
FIG. 21 illustrates five discrete locations P1-PS that the first magnet 130 and second magnet
131 occupy during the saw tooth washing operation. In position P1, the second magnet 131
1s remote from the wash chamber 181 while the first magnet 130 is adjacent to the wash
chamber 181, which causes the paramagnetic capture beads to form a bolus adjacent to the
first magnet 130, The magnets 130, 131 are then moved in the axial direction so that second
magnet 131 draws near wash chamber 181 while first magnet 130 moves away from wash
chamber 181. In concert with this movement, the cartridge 150 may also be rotated so that
the magnets 130, 131 are also repositioned laterally with respect to the wash chamber 181,
As the first magnet 130 moves away from the paramagnetic capture beads 177, the bolus is
dispersed into the wash solution so that needless constituents of the blood plasma may be
separated and washed from the paramagnetic capture beads 177. The dispersion of the
paramagnetic capture beads 177 is illustrated in FIG. 21 between positions P1 and P2, As the
second magnet 131 approaches the wash chamber 181, the paramagnetic capture beads 177
are drawn out of suspension and again o a tight bolus. The dispersion and recondensing
steps can then be repealed m the oppostie direction as the magnets 130, 131 move from
position P2 to position P3. Likewise, this process can be continued in a sawtooth pattern for

several additional steps.

[#142] FIG. 22 illustrates another embodiment of a washing operation in which the two

magnels 130, 131 are moved with respect to the wash chamber 181 in a square wave patiern.

42



CA 03133265 2021-09-10

WO 2020/186062 PCT/US2020/022399

in particular, FIG. 22 tllusirates nine discreie locations P1-P9 that the first magnet 130 and
second magnet 131 occupy during the saw tooth washing operation.  Again, in position Pl
the second magnet 131 1s remote from the wash charaber 181 while the first magnet 130 1s
adjacent to the wash chamber 181, which causes the paramagnetic capture beads to form a
bolus adjacent to the second magnet 131. The cartridge 150 is then rotated such that the
magnets 130, 131 move with respect to the wash chamber 181, Advantageously, the
cartridge 150 may be rotated at a sufficient velocity to spread the paramagnetic capiure beads
177 along the surface of the wash chamber 181, thereby dispersing the paramagnetic capiure
beads along the surface of the chamber 181 m the wash solution. The magnets 130, 131 are
then moved to position P3 such that the second magnet 131 draws near wash chamber 181
while first magnet 130 moves away from wash chamber 181. Again, as the first magnet 130
moves away from the paramagnetic capture beads 177, the bolus is dispersed into the wash
solution so that needless constituents of the blood plasma may be separated and washed from
the paramagnetic capture beads 177. Likewise, as the second magnet 131 approaches the
wash chamber 181, as shown at posttion P3, the paramagnetic capture beads 177 are drawn

out of suspension and against the wash chamber wall.

{0143} While the emnbodiments of wash operations shown in FIGS. 21 and 22 include
econdensing the paramagnetic capture beads into a tight bolus, in other embodiments, the
paramagnetic capiure beads may be directed through the wash chamber without strictly being
coalesced into a bolus during the operation. For example, during the steps of the operation
ihe beads may remain relatively dispersed in the wash fluid but moved back and forth and

along the length of the wash chamber by the magnets.

[#144] As stated above, in some embodiments, the magnet 130 and second magnet 131 are
positioned on opposite stdes of the cartridge 150, for example above and below the cartridge
150. In other embodiments, the magnets 130, 131 are disposed on the same side of the
cariridge 150 but on opposite sides of the wash chamber 181 with respect to the radial
direction. Further, in some embodiments, the magnets 130, 131 spread the paramagnetic
capture beads 177 along the length of the wash chamber 181, Moreover, i some
embodiments, the distance between the first magnet 130 and the second magnet 131 13 varnied
using the movable stage 132 during the washing step. This relative movement of the magnets
130, 131 may promote the disruption of the bolus of paramagnetic capture beads 177,

enhancing the washing operation.
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[#148] After the washing operation, the paramagnetic capture beads 177 may be gathered
again with the first magnet 130 and moved through the connecting passage 187 nto the
detection chamber 184, which 1s filled with elution buffer 185, as shown mn FIG. 19. While
holding the paramagnetic capture beads 177 using one or more magnets 130, 131, the
cartridge 150 may be rotated back-and-forth to pass the paramagnetic capiure beads 177
through the detection chamber 184 and elution buffer 185, which removes the bonds between
the paramagnetic capture beads 177 and the target analyte and between the label and target
analyte. This leaves a pure flusrochrome conjugate suspension in the elution buffer 185

within the detection chamber 184

[#146] To enhance elution of the target analyie and labels, a magnetic elution operation
may be used that is simular to the wash operations explained above. For example, the
magnets 130, 131 may move with respect to the detection chamber 184 i a particular pattern,
such as those shown in FIGS. 21 and 22. Controlling the paramagnetic beads it a controlled

manner simular to that of the washing operation enhances the magnetic elution operation.

ey
I/

[0847]  After the elution process has been carried out, the paramagnetic capture beads 1
may be moved outside of the detection chamber 184, or to one end of the detection chamber
184 s0 as to avoid interfering with the optical system 120, The optical system 120 of the
analyzer 100 may then be activated to analyze the solution in the detection chamber 184 so as
o determine the presence or concentration of target analyie in the volume of fluid in the

detection chamber 184, as explained above.

{0148} In another aspect of the disclosure, the optical system 120 of the analyzer 100
mcludes a second electromagnetic radiation source 128 and a second detector 129 for a
multiplexing operation. In some embodiments, the analyzer second electromagnetic radiation
source 128 and second detector 129 may be used for determining the presence of a second
target analvte in the sample. In other embodiments, the second eleciromagnetic radiation
source 128 and the second detector 129 may be used to measure a concentration of a control
analyte in the cartridge 150. For example, the cartridge 150 may include a precise and known
quantity of the control analyte. Accordingly, the measured concentration of the control
analyte may be used as a comparator for the target analyte. This measured concentration can

then be used to adapt the detected concentration of the target analyte.

[0149] For example, 1f the measured concentration of the control analyie is only 95% of the

actual known conceniration of the control analyte, the controller 140 can use this percentage
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difference 1o adapt the detected concentration of the {arget analyte. For example, the
controtler 140 may determine that the analyzer 100 1s also only detecting 95% of the target

analyte in the sarople, and adjust the calculated concentration accordingly.

[0156] In some embodiments, the electromagnetic radiation from the first electromagnetic
radiation source 121 and the second electromagnetic radiation source 128 are directed to the
cariridge using the same objective. Indeed, in some embodiments, the electromagnetic
radiation from the two sources 15 directed to the same mnterrogation space. n some
embodiments, the first electromagnetic radiation source 121 and the second electromagnetic
radiation source 128 emit electromagnetic radiation of different wavelengths, for example,

different colors.

{0181} The disclosure provides systems and methods for highly sensitive detection and

guantitation of one or more target analyies, such as markers for bioclogical states.
Singleplex and Multiplex Assays

{0152] In one aspect, the disclosure provides systems and methods that can perform a
“singleplex” assay of a sample to detect and analyze a single type of target analyte in the
sample. In other aspects, the disclosure provides systems and methods that can perform a
“mulitiplex” assay of a sample to detect and analyze multiple (e.g., two, three or more)
different types of target analyies in the sample. Using the multiplexed systems and methods
described herein may provide for more rapid detection and analysis of multiple target
analvtes, using reduced sample volume, and reduced reagent volume than may be required fo
perform a similar analysis of those target analvtes via singleplex assavs. Further, the
mutiiplexed systems and methods described herein can allow analysis of a sample including a

target analyte to be compared 1o a control assay of a known concentration.

[0883]  To detect and analvze multiple, different types of target analvies in a sample, the
multiplexed analyzer system can distinguish one type of target analyte from the others. This
can be achieved, in part, by labeling the different target analytes with different labels, which
have excitation wavelength bands and/or emission wavelength bands that differ from one
another. In some implementations, the different labels have excitation wavelength bands
and/or enussion wavelength bands with relatively little overlap or no overlap. In other
implementations, there may be some overlap aroong the excitation wavelength bands and/or
the emission wavelength bands of the labels. Multiplexing can also be achieved by

implementing more than one fluidic circuit on the same cartridge with each fluidic circuit
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spatiadly distinct and carrying reagents for different target analvtes. With different fhudic
circuits it is not necessary for the different target labels to have different excitation and
enmussion wavelengths. The additional circuits may collect sample from the same sample

chamber or from different sample chambers.
FElectromagnetic Radiation Power and Bin Size

{0154] In the optical system, the electromagnetic radiation source 121 may be set so that
the wavelength of the electromagnetic radiation 1s sutficient to excite a fluorescent label
attached to the target analvte. In some embodiments, the electromagnetic radiation source
121 1s a laser that enuts light in the visible spectrum. In some embodiments, the laseris a
continuous wave laser with a wavelength of 639 nm, 532 nm, 488 nm, 422 nm, or 405 nm.
Any continuous wave laser with a wavelength suitable for exciting a fluorescent moiety as
used in the methods and compositions of the disclosure can be used without departing from
the scope of the disclosure. The power setting for the laser is generally between 1mW and
100mW. However, those skilled in the art will appreciate the laser power can be anv setting
to achieve the optimal signal to noise ratio of the measurement. To do so the aser power
should be set to achieve as many excifation emission cycles as possible during the dwell time
of the label in the interrogation space. The detector bin time should also be set accordingly. A
bin time that 1s Jonger than the fime it takes to photo bleach the label and or longer than the
dwell time of the label in the interrogation space will simply enable the collection of excess
noise. A laser power setting that is too low or too high or a bin time setting that s to long will

not yield the highest possible signal to notse ratio.

{01585]  As the interrogation space in the analvzer 100 passes over the labeled target analvte,
photons emitted by the fluorescent particles are registered by the detector 122 with a time
delay indicative of the time for the interrogation space to pass over the labeled particle. The
photon intensity is recorded by the detector 122 and the sampling time 1s divided info bins,
wherein the bins are uniform, arbitrary time segments with freely selectable time channel
widths. The number of signals contained in each bin is evaluated. One or more of several
statistical analvtical methods are used to determuine when a label or particle is present or when
a section of bins contains an artifact. Sections of bins containing artifacts are discarded while
single bins or sections of bins containing a label are counted. The number of labels counted is

indicative of the number of target analyies present in the sample.

Interrogation Volume
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[#186] An interrogation volume can be thought of as an effective volume of sample in
which a target analyie of interest can be delected when present. Although there are various
ways to calculate the interrogation volume of the sample, the simplest method for
determining the effective volume (V) of the interrogation volume is to calculate the effective
cross section of the detection volume. Because the detection volume is typically swept
through the sample by translating the detection volume through the stationarv sample, the
volume is typically the result of the cross sectional area of the detection volume being swept
through some distance during the time of measurement. As previously discussed the lateral
extent of the cross sectional area of interrogation volume {perpendicular to the direction of
motion of the laser relative to the sample and perpendicular to the direction of propagation of
the laser light) 1s limited by the numerical aperture at which the laser source is imaged in the
sample space. The longitudinal size of the interrogation volume (along the direction of
propagation of the laser) is determined by the size of the confocal stop chosen. I the sample
concentration {C) is known and the number of molecules detected (N) during a period of time
is known, then the sample volume consists of the number of molecules detected divided by
the concentration of the sample, or V=N/C (where the sample concentration has units of

molecules per unit volume).

{01587] For example, in some embodiments of the system described herein, all photons
detected are counied and added up in 100 microsecond segments (photon counting bins). H a
molecule of interest 1s present in the 100 microsecond segment, the count of photons detected
1s typically significantly higher than background. Therefore, the distance the detection
volume has moved with respect to the sample is the appropriate distance 1o use to calculate
the volume sampled in a single segment, 1.e., the inferrogation volume. In this example, if the
sample is analyzed for 60 seconds, then effectively 600,000 segments are scanned. If the
effective volume is divided by the number of segments, the resulting volume is in essence the
volume of a single segment, t.e., the inferrogation volume. Mathematically, the volume of the
single segment, i.e., the interrogation volume (Vs), equals the number of molecules detected
(N} divided by the concentration of the sample multiplied by the number of segruent bins
(C-n—where n represents the number of segment bins during the time the N number of
molecules were counted). For exemplary purposes only, consider that a known standard of
one femtomolar conceniration is run through 600,000 segments, and 20 molecules of the
standard are detected. Accordingly, the interrogation volume, Vs, equals NACn) or

20/(602.214-6E3), or 55351 um3. Thus, in this example, the interrogation space volume,
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which 13 the effective volume for one sample corresponding o one photon counting bin, is

55351 um3.

Detectors

{0188} In some embodiments, light emitted by a fluorescent label after exposure o
electromagnetic radiation is detected. The ermutted light can be, e g., ultra~-violet, visible or
infrared. For example, the first detecior 122 mayv capture the amplitude and duration of
photon bursts from a fluorescent moiety, and convert the amplitude and duration of the
photon bursts 1o electrical signals. Detection devices such as CCD cameras, video input
module cameras, and Sireak cameras can be used {0 produce images with contiguous signals.
Other embodiments use devices such as a bolometer, a photodiode, a photodiode array,
avalanche photodiodes. and photorultipliers which produce sequential signals. Any

combination of the aforementioned detectors can be used.
Molecules for Concentration Analysis

{015%9] The instruments, kits and methods of the disclosure can be used for the sensitive
detection and determmnation of concentration of a number of different types of target analytes,

such as markers of biological states.

{0i66] Examples of molecules or “analvtes™ that can be detected using the analvzer and
related methods of the disclosure include: biopolymers such as proteins, nucleic acids,
carbohydrates, and small molecules, both organic and inorganic. In particular, the
mstruments, kits, and methods described herein are useful in the detection of target analyies
of proteins and small molecules in biological samples, and the determination of concentration

of such molecules i the sample.

18161] The molecules detected by the present systems and methods can be free or can be
part of a complex, e.g., an antibody-antigen complex, or more generally a protein-protein

complex, e.g., complexes of troponin or complexes of prostate specific antigen (PSA).

[#162] In some embodiments, the disclosure provides compositions and methods for the
sensitive detection of biclogical markers, and for the use of such markers in diagnosts,

prognosis, and/or determination of methods of treatment.

{0163} Markers can be, for example, anv composition and/or molecule or a complex of
compositions and/or molecules that is associated with a biological state of an organism {e.g.,

a condition such as a disease or a non-disease stale). A marker can be, {or example, a small
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molecule, a polvpeptide, a nucleic acid, such as DNA and RNA| alipid, suchas a
phospholipid or a micelle, a cellular component such as a mitochondrion or chloroplast, etc.
Markers contemplated by the disclosure can be previously known or unknown. For example,
in some embodiments, the methods herein can identify novel polypeptides that can be used as
markers for a biological state of interest or condition of interest, while in other embodiments,
known polypeptides are identified as markers for a biological state of interest or condition.
Using the systems of the disclosure it is possible that one can observe those markers, e.g.,
polypeptides with high potential use in determining the biclogical state of an organism, but
that are only present at low concentrations, such as those “leaked” from diseased issue. Other
high potentially useful markers or polypeptides can be those that are related to the disease, for
mstance, those that are generated in the tumor-host environment. Any suitable marker that
provides information regarding a biological state can be used in the methods and
compositions of the disclosure. A “marker,” as that term is used herein, encompasses any
molecule that can be detected in a sample from an organism and whose detection or

guantitation provides information about the biological state of the organism.

[#164] Biological states inciude but are not limited to phenotypic states: conditions
affecting an organisn; states of development; age; health; pathology; disease detection,
process, or staging; infection; toxicity; or response to chemical, environmental, or drug
factors (such as drug response phenotyping, drug toxicity phenotyping, or drug effectiveness

phenoty ping).

18165] The term “organism’” as used herein refers 1o any hving being comprised of a least
one cell. An organism can be as simple as a one cell organism or as complex as a mammal.
An organism of the disclosure is preferably a mammal. Such mammal can be, for example, a
human or an animal such as a primate {e.g., a monkey, chimpanzee, etc.}, a domesticated
animal {e.g.. adog, cat, horse, etc.), farm animal {e.g., goat, sheep, pig, cattle, etc.), or

laboratory amimal {e g., mouse, rat, etc.). Preferably, an organism is a human.
Labels
{0166] In some embodiments, the disclosure provides methods and compositions that

imclude labels for the highly sensttive detection and quantitation of molecules, e.g., of

markers.

[0867] Many strategies can be used for labeling target analvtes to enable their detection or

discrimination in a mixture of particles. The labels can be attached by anv known means,
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ncluding methods that utilize non-specific or specific interactions of label and target analyte.
Labels can provide a detectable signal or affect the mobility of the particle in an electric field.

Labeling can be accomphshed directly or through binding partoers.

[0168] In some embodiments, the label comprises a binding partner to the molecule of
mterest, where the binding partner is attached to a fluorescent motety. The compositions and
methods of the disclosure can use lighly fluorescent moieties. Moieties suitable for the
compositions and methods of the disclosure are described in more detail below. Fluorescent
molecules may be attachad to binding partners by any known means such as direct

conjugation or indirectly {e.g., biotin/sireptaviding}.

[#16%] The fluorescent moieties can be fluorescent dye molecules. Examples of {luorescent
molecules include but are not limited to ALEXA FLUOR® 488, ALEXA FLUOR® 532,
ALEXA FLUOR® 647, ALEXAFLUOR® 680 or ALEXA FLUOR® 700 Brilliant Violet™
molecules (BD Biosciences) such as Brilliant Violet 421™ Brilliant Violet 510™, Bnliiant
Violet 570™ | Brithant Violet 603and ATTO™ dyes (ATTO TECH GmbH) such as
ATTO™ 532, In some embodiments, the dye molecules are ALEXA FLUOR® 647 dye

molecules.
Binding Partners

{31707 To some embodiments, the binding pariner comprises an antibody. In some
embodiments, the antibody 1s a monoclonal antibody. In other erobodimsents, the antibody 15 a

polvcional antibody .

{0171} The antibody can be specific 1o any suitable marker. In some embodimenis, the
antibody is specific {0 a marker that is selected from the group consisting of cytokines,
growth factors, oncology markers, markers of inflammation, endocrine markers, autoimmune
markers, thyroid markers, cardiovascular markers, markers of diabetes, markers of infectious
disease, neurological markers, respiratory markers, gastrointestinal markers, musculoskeletal

markers, dermatological disorders, and metabolic markers.

{0172} Any suttable binding partner with the requisite specificity for the form of molecule,
e.g.. a marker, to be detected can be used. If the molecule, e g., a marker, has several different
forms, various specificities of binding pariners are possible. Suitable binding partners are
known in the art and include antibodies, aptamers, lecting, and receptors. A useful and

versatile type of binding partner is an antibody.
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[#173] Capture binding partners and detection binding partner pairs, .g., capture and
detection antibody pairs, can be used in embodiments of the disclosure. Thus, in some
embodiments, a heterogeneous assay protocol is used i which, tvpically, two binding
partners, e.g., two antibodies, are used. One binding pariner is a capture partner, usually
immobilized on a solid support, and the other binding pariner is a detection binding pariner,
typically with a detectable label attached. Antibody pairs can be designed and prepared by
methods well-known in the art. Compositions of the disclosure include antibody pairs
wherein one member of the antibody pair 15 a label as described herein, and the other member

ts 4 capiure antibody.

[6174] In some embodiments it is useful 1o use an antibody that cross-reacts with a variety
of species, either as a capture antibody, a detection antibody, or both. Such embodiments
include the measurement of drug toxicity by determining, e g., release of cardiac troponin
into the blood as a marker of cardiac damage. A cross-reacting antibody allows studies of
ioxicity to be done in one species, e.g. a non-human species, and direct transfer of the results
to studies or clinical observations of another species, e.g., humans, using the same antibody
or antibody pair in the reagents of the assays, thus decreasing vanability between assavs.
Thus, in some embodiments, one or more of the antibodies for use as a binding partner to the
marker of the molecule of interast, e.g , cardiac troponin, such as cardiac troponin I, can be a
cross-reacting antibody. In some embodiments, the antibody cross-reacts with the marker,
e.g. cardiac troponin, from at least two species selected from the group consisting of human,
mounkey, dog, and roouse. In some embodiments, the antibody cross-reacts with the marker,

e.g., cardiac troponin, from the entire group consisting of human, monkey, dog, and mouse,

{#178] The above detailed description describes various features and functions of the
disclosed systerns, devices, and methods with reference to the accompanying Figures. In the
Figures, similar symbols typically identify stroilar components, unless context dictates
otherwise. The illustrative embodiments described in the detailed description, Figures, and
claims are not meant to be limuting. Other embodiments can be utilized, and other changes
can be made, without departing from the scope of the subject matter presented herein. Tt will
be readily understood that the aspects of the present disclosure, as generally described herein,
and illustrated in the Figures, can be arranged, substituted, combined, separated, and designed

in a wide variety of different configurations, all of which are explicitly contemplated herem.
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[#176] While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled in the art. The varnous aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

Himiting, with the true scope being indicated by the following claims.

EMBOBIMENTS

Embodiment 1. An analyzer system for measuring a concentration of a target analvie in
a sample, the analyzer system comprising:

a motor;

a dock coupled to the motor so as to be rotated by actuation of the motor;

a cartridge held in the dock and including a fluid system configured to receive a
sample, isolate a target analvte of the sample, and collect a quantity of a first label that is
proportional (o a quantity of the target analvie in the sample, the flmd system including:

an inlet chamber,

a mixing chamber downstream of the inlet chamber and configured to mix at
least a portion of the sample s0 as 1o bind the target analyte with the first label, and

a wash chamber downstream of the mixing chamber and connected to the
mixing chamber by a channel, wherein the wash chamber is radially offset from the

mixing chamber so as {0 impede flow of the sample into the wash chamber during a

mixing process that is carried out in the mixing chamber;

a first electromagnetic radiation source configured to provide electromagnetic
racdhation to form an inferrogation space within a detection chamber of the cartridge;

a first detector configured to detect electromagnetic radiation enutted in the
mterrogation space by the first label if the first label is present in the interrogation space; and

a controller configured to identify the presence of the target analvte in the sample

based on electromagnetic radiation detected by the first detector,
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Embodiment 2. The analyzer system according to embodiment 1, wherein a channel
extending from the mixing chamber to the wash chamber includes a capillary break, the
capillary break having an expanding cross sectional area in the direction leading away from

the mixing chamber.

Embodiment 3. The analyzer system according to embodiment 1, wherein the flud
system of the cartridge further inchudes a separation area disposed between the inlet chamber
and the mixing chamber, the separation area including a radially inner separation chamber

and a radially outer separation chamber that are connected by a constricted neck.

Embodiment 4. The analyzer system according to embodiment 3, wherein a siphon

extends from the radially inner separation chamber to the mixing chamber.

Embodiment 5. The analyzer system according to embodiment 4, wherein a siphon

vent extends from the siphon in a vicinity of a peak of the siphon.

Erobodiment 6. An analyzer system for measuring a concentration of a target analyte in
a sarople, the analyzer system coraprising:

a motor;

a dock coupled to the motor so as to be rotated by actuation of the motor;

a cartridge held in the dock and including a fluid system configured to receive a
sample. isolate a target analvte of the sample, and collect a quantity of a first label that is
proportional to a quantity of the target analvte in the sample, the flnd system including:

an inlet chamber, and
a mixing chamber downstream of the inlet chamber and configured to mix at
least a portion of the sample s0 as 1o bind the target analyte with the first label,

a mixing ball disposed in the mixing chamber; and



CA 03133265 2021-09-10

WO 2020/186062 PCT/US2020/022399

a controller including a processor and a non-iransitory computer readable medium
having stored thereon program instructions that upon execution by the processor cause
performance of a set of operations inchuding;

rotate the motor so as to rotate the cartridge, and
mtermittently accelerate and decelerate the rotation of the centrifuge so as to
move the mixing ball in the mixing chamber back-and-forth recursively through the

mixing chamber,

Embodiment 7. The analyzer according to embodiment 6, further comprising

ivophilized reagents disposed in the mixing chamber.

Embodiment 8. The analyzer according to embodiment 6, wherein the mixing ball is

non-magnetic.

Embodiment 9. An analyzer system for measuring a concentration of a target analvte in
a sample, the analvzer system comprising;

a moior;

a dock coupled to the motor so as to be rotated by actuation of the moior;

a cartridge held in the dock and including a flwd system configured to receive a
sample, isolate a target analvte of the sample, and collect a quantity of a first 1abel that is
proportional to a quantity of the target analyie in the sample, the fluid system including:

a fluid line inchuding a fluid miet port configured to receive a fluid, a first
chamber, and a fluid outlet port,

a detection chamber, and

a connecting passage between the wash first chamber and the detection

chamber; and
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a controller including a processor and a non-iransitory computer readable medium
having stored thereon program instructions that upon execution by the processor cause
performance of a set of operations inchuding;

pumping fluid along the wash fhuid line and into the first chamber while

maintaining a body of air in the connecting passage.

Embodiment 10. The analyzer system according to embodiment 9, wherein the fluid line

1 a wash line.

Embodiment 11 The analyzer system according to embodiment 9, wherein the

connecting passage extends directly from the first chamber.

Embodiment 12, The analyzer system according to embodiment 9, wherein the

connecting passage extends directly to the detection chamber.

Embodiment §3. An analyzer system for measuring a concentration of a target analyvte in
a sample, the analvzer systern comprising:

a motor,

a dock coupled to the motor 50 as to be rotated by actuation of the motor;

a cartridge held in the dock and including a fluid system configured to recaive a
sample, isolate a target analvte of the sample, and collect a quantity of a first {abel that is
proportional to a quantity of the target analvte in the sample;

a fhiid hine including a fluid inlet port configured to receive a fluid, a first
chamber, and a fluid owtlet port,

a detection chamber, and

a conneciing passage between the wash first chamber and the detection

chamber; and

j o
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a plurality of paramagnetic beads configured {o provide a substrate for the target
analyte with the first chamber;

a first magnet disposed on a movable stage; and

a controller including a processor and a non-transitory computer readable medium
having stored thereon program instructions that upon execution by the processor cause
performance of a set of operations including:

facilitate relative movement of the first magnet and the cartridge so as to pull
the paramagnetic beads out of suspension and into a bolus, the relative movement
being facilitated by at least one of moving the first magnet across the first surface or

rotating the cartridge.

Embodiment 4. The analy zer system according to embodiment 13, wherein the
controller is further configured to facilitate elative movement of the first magnet and the
cariridge so as 1o transfer the paramagnetic beads and the target analyie from the first

chamber t© a second chamber.

Embodiment 15, The analy zer system according to claim 14, further comprising a

second magnet.

Embodiment 16. The analyzer system according to embodiment 15, wherein the
controlier is further configured to conduct a washing operation, the washing operation
ncluding:

moving the first magnet away from the first surface of the cartridge such that the
paramagnetic beads disperse in the second chamber;

moving a second magnet toward a second surface of the cartridge such that the

paramagnetic beads collect near the second magnet;
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moving the second magnet away from the second swrface of the cartridge such that the
paramagnetic beads disperse in the second chamber; and
moving the first magnet toward the first surface of the cartridge such that the

paramagnetic beads collect near the first magnet.

Embodiment 17. An analyzer system for measuring a concentration of a target analyie in
a sample, the analyzer system comprising:

a motor;

a dock coupled to the motor so as 1o be rotated by actuation of the motor;

a cartridge held in the dock and including a fluid system configured {0 receive a
sample, isolate a target analvie of the samiple, and collect a quantity of a first label that is
proportional to a quantity of the target analvte in the sample;

a quality control camera configured 10 capture an image of the cartridge during an
analysis operaiion;

a first electromagnetic radiation source configured to provide electromagnetic
radiation to form an interrogation space within a detection chamber of the cartridge;

a first detector configured to detect eleciromagnetic radiation emitted in the
mterrogation space by the first label it the first label 1s present in the interrogation space; and

a controller configured to:

analvze an image captured by the quality control camera and continue an
analysis operation in response to the analysis of the image, and
identify the presence of the target analyte in the sample based on

electromagnetic radiation detected by the first detector.

Embodiment 8. The analyzer system according to embodiment 17, wherein the

controller 1s configured fo further rotate the cartridge in response to the analysis of the image.
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Embodiment 19. The analyzer svstem according to any of embodiments 1 to 18, wherein
the motor includes a centrifuge coupled to the cartridge and configured to spin the cartridge

at a speed of at least 100 rpm s0 as to separate components of the sample.

Embodiment 20. The analyzer system according to any of embodiments 1 to 19, further
comprising a manifold including a plurality of ports, and configured to couple each of the

plurality of ports o a respective corresponding port of the cartridge.

Embodiment 21. The analyzer system according to any of embodiments 1 to 18, whergin
the motor includes a positioning motor coupled to the cartridge and configured to pivot the
cartridge 5o as to align the detection 7one of the cartridge with the electromagnetic radiation

from the first electromagnetic radiation source.

Embodiment 22. The analyzer svstem according to any of embodiments 1 to 21, further
comprising an optical system configured to direct the electromagnetic radiation from the first
electromagnetic radiation source to the detection chamber of the cartridge, and to direct the

electromagnetic radiation emitted by the label to the detector.

Embodiment 23. The analyzer system according to embodiment 22, wherein the optical

system is a confocal system.

Erobodirent 24. The analyzer svstern according to any of embodiments 1 to 23, wherein
all of the components of the analvzer system are disposed 10 a common housing, and wherein

the dimensions of the coraomon housing are no greater than | meter in any direction.

Embodiment 25. The analyzer system according to any of embodiments | to 24, wherein
the controller includes a network interface for receiving control information from a user and

for outputting analysis data to the user.
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Embodiment 26. The analyzer svstem according to any of embodiments 1 to 25, wherein

the cartridge 1s planar and chambers in the cartridge lie in a single plane.

Embodiment 27, The analyzer system according to any of embodiments 1 to 26, whergin
the cartridge 1s a disc and the chambers of the cartridge are positioned circumferentially

around the disc.

Embodiment 28. The analyzer system according to any of embodiments | to 27, wherein

the cartridge 1s free of valves.

Embodiment 29. The analyzer system according to any of embodiments | to 28, wherein

the cartridge 1s configured to receive a sample in a range of 30 microliters to T mulliliter.

Embodiment 30. The analyzer system according to any of embodiments | to 29, wherein

the cartridge includes reagents stored therein.

Embodiment 31 A cartridge for preparing and containing a sample for measuring the
concentration of a target analvte, the cartridge comprising
a fluid system configured to receive a sample, isolate a target analvie of the sample,
and collect a quantity of a first label that i1s proportional to a guantity of the target analyte in
the sample, the fluid system including:
a mixing charber,
a first channel 1 conmumication with the mixing chamber, and

a second channel in commumication with the mixing chamber; and

a nuxing ball disposed within the nuxing chamber, wherein the nuxing ball is larger

than the first channel! and the second channel.

Embodiment 30. The cartridge of embodiment 25, wherein the cartridge comprises:

a base,
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a body disposed over the base, and
a cover disposed over the body,
wherein the body includes an open path extending therethrough that defines the

plurality of chambers of the cartridge.

Embodiment 31 The cartridge according {o any of embodiment 30, wherein the

cartridge is planar and chambers in the cartridge lie in a single plane.

Embodiment 32. The analyzer svstem according to any of embodiment 30 or 31,
wherein the cartridge is a disc and the chambers of the cartridge are positionad

circumferentially around the disc.

Embodiment 33. The analyzer system according to any of embodiments 30 to 32,

wherein the cartridge is free of valves.

Embodiment 34. The analyzer system according to any of embodiments 30 to 33,
wherein the cartridge 1s configured to receive a sample in a range of 50 microliters to 1

ratliliter.

Erobodirent 35. The analyzer svstern according to any of embodiments 30 to 34,

wherein the cartridge includes reagents stored therein.

Embodiment 36. A method of detecting the presence of a target analyte in a sarople, the
method comprising:
iniroducing the sample mto a carinidge, the cartridge mcluding a fuid system for
isolating the target analyte of the sample and collecting a quantity of a tirst label that 15
proportional to a quantity of the target analvte in the sample, the fluid system comprising:
a first chamber,
a second chamber, and
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a channel extending from the first chamber to the second chamber;

binding the target analyte {0 a substrate comprised of paramagnetic beads;

positioning a first magnet near a first surface of the cartridge and adjacent to the first
chamber;

facilitating relative movement of the first magnet and the cartridge so as to pull the
paramagnetic beads out of suspension and mnio a bolus, the relative movement being
facilitated by at teast one of moving the first magnet across the first surface or rotating the
cariridge;

directing electromagnetic radiation from a first eleciromagnetic radiation source to
form an interrogation space within the cartridge;

receiving, in a first detector, electromagnetic radiation enutted in the interrogation
space by the first label if the first label is present in the mterrogation space; and

identifving, using a controller, the presence of the target analvte in the sample based

on electromagnetic radiation detected by the first detector.

~
7
b

Embodiment 3 A method of mixing a hiquid in a cartridge i the form of a flat disc, the
method comprising:

mitroducing a liquid to a nuxing chamber of the cartridge through a channel that
extends radially inward from the nuxing charber, the mixing chamber including a mixing
ball therein;

rotating the cartridge in a first circumferential direction so as to urge the hiquid
radially owtward and retain the liquid in the mixing chamber;

mtermittently accelerating and decelerating the rotation of the cartridge so as to move

the nuxing ball back-and-forth recursively through the nmixing chamber.
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Embodiment 38. The method according to embodiment 37, wherein the mixing chamber
is provided with lyophilized reagents prior to the introduction of the liquid, and
wherein mixing resulting from the movement of the muxing ball through the mixing

chamber releases gas from the lvophilized reagents into the hiquid.

Embodiment 39. The method according to embodiment 38, wherein the released gas

moves radially inward and out of the mixing chamber.

Embodiment 40. The method according to any of embodiments 37 to 39, wherein the

mixing ball is non-magnetic.

Embodiment 41, A method of detecting the presence of a target analyie in a sample, the
method comprising:
miroducing the sample into a cartridge, the cartridge including a fluid system for
isolating the target analyte of the sample and collecting a quantity of a first label that is
proportional to a quantity of the target analvte in the sample, the flud system comprising:
a fluid line including a fluid inlet port configurad to receive a fluid, a first
chamber, and a fluid outlet port,
a detection chamber, and
a connecting passage between the first chamber and the detection chamber;
transferring the {arget analyte to the first chamber;
pumping fluid along the fluid line and nto the first chamber while maintaining a body
of air in the connecting passage:
transferring the target analvte to the detection chamber;
directing electromagnetic radiation from a first electromagnetic radiation source to

form an interrogation space within the detection chamber of the cariridge;
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recetving, in a first detector, electromagnetic radiation emitted in the interrogation
space by the first label if the first label is present in the interrogation space; and
identifving, using a controller, the presence of the target analyie in the sample based

on electromagnetic radiation detected by the first detector.

Embodiment 42. The method according to embodiment 41, wherein the connecting

passage extends directly from the first chamber.

Embodiment 43, The method according to embodiment 41 or 42, wherein the

connacting passage extends direcily to the detection chamber.

Embodiment 44, The method according to any of embodiments 41 to 43, further
comprising transferring the target analyte to the detection chamber, wherein the target analyte

1s carried into the detection chamber by paramagnetic beads that are transported using

magnets.
Erobodirent 45. The method according to embodiment 44, wheremn the detection

chamber 1s disposed in an elution line including an elution mlet port and an elution outlet
port, and
wherein the method further includes pumping elution fluid into the elution line so as

to unbind the target analvte from the paramagnetic beads.

Embodiment 46. The method according to any of embodiments 41 to 45, wherein the
fluid 1s pumped along the fluid line by feeding flud mnto the fluid line at the fluid inlet port

and withdrawing fluid from the fluid line at the fluid outlet port.

Embodiment 47. A method of detecting the presence of a target analyte 1 a sarople, the

method comprising:
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imtroducing the sample inio a cartridge, the cariridge including a fluid svstem for
isolating the target analyte of the sample and collecting a quantity of a first label that is
proportional (o a quantity of the target analvie in the sample, the fluwd system comprising:
a first chamber,
a second chamber, and
a channel extending from the first chamber {0 the second chamber;
binding the target analyte to a subsirate comprised of paramagnetic beads;
positioning a first magnet near a first surface of the cartridge and adjacent to the first
charsber;
facilitating relative movement of the first magnet and the cartridge s0 as to pull the
paramagnetic beads out of suspension and into a bolus, the relative movement being
facilitated by at least one of moving the first magnet across the first surface or rotating the
cartridge;
directing electromagnetic radiation from a first electromagnetic radiation source to
form an interrogation space within the cartridge:
receiving, in a first detector, electromagnetic radiation emitted in the interrogation
space by the first label if the first label is present in the interrogation space; and
identifying, using a controller, the presence of the target analyte in the sample based

on electromagnetic radiation detected by the first detector.

Erobodimoent 48, The method according to embodiment 47, further comprising
facilitating relative movement of the first magnet and the cartridge so as to transfer the

paramagnetic beads and the target analyte from the first chamber to a second chamber
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Embodiment 49. The method according to embodiment 47 or 48, further comprising
performing a washing operation in the second chamber so as to isolaie the target analyie from

other constituents of the sample.

Embodiment 50. The method according to embodiment 49, wherein the washing
operation includes:

moving the first magnet away from the first surface of the cartridge such that the
paramagnetic beads disperse in the second chamber;

moving a second magnet toward a second surface of the cartridge such that the
paramagnetic beads collect near the second magnet;

moving the second magnet away from the second surface of the cariridge such that the
paramagnetic beads disperse in the second chamber; and

moving the first magnet toward the first surface of the cartridge such that the

paramagnetic beads collect near the first magnet.

Embodiment 51. A method of detecting the presence of a target analyte in a sample, the
method comprising:
infroducing a sample into a cariridge, the cartridge mcluding a fluid system for
tsolating the target analyte of the sample and collecting a quantity of a first label that is
proportional to a quantity of the target analyie in the sample, the fhad system comprising:
an inlet chamber,
a separation area connected to the inlet charnber, the separation area including
an inner separation chamber and an outer separation chamber, and
a detection chamber downstream of the separation area;

transferring the blood sample from the inlet chamber to the separation area;
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rotating the cartridge using the centrifuge so as to move red blood cells of the blood
sample toward the outer separation chamber and move blood plasma toward the inner
separation chamber;

capturing an image of the blood sample in the separation area using a camera;

analyzing, using a coniroller, the image of the blood sample in the separalion area {o
determine a posifion of the red blood cells within the separation area;

transferring blood plasma from the inner separation chamber to a mixing chamber;

isolating the target analyte from the blood plasma;

transferring the target analyte o the detection chamber;

directing electromagnetic radiation from a first electromagunetic radiation source to
form an interrogation space within the detection chamber of the cartnidge;

recetving, in a first detector, electromagnetic radiation emitted in the interrogation
space by the first label if the first label is present in the interrogation space; and

identifying, using a controller, the presence of the target analyte in the sample based

on electromagnetic radiation detected by the first detector.

Erobodiment 52. The method according to embodiment 51, further comprising, in
response to the deternuned position of the red blood cells, further rotating the cartridge using

the centrifuge so as to further move the red blood cells toward the outer separation charaber.

Embodiment 53. The method according to embodiment 51 or 52, further comprising
analyzing, using the controller, the image of the blood sample to determine a clarity of blood
plasma m the inner separation chamber after rotating the cariridge using the centrifuge,
wherein transferring the portion of the sample from the separation area to the mixing chamber
is carried out 1 response to the clarity of the blood plasma being above a predetermined

value.
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Embodiment 54. The method according to embodiment 53, firther comprising capturing
an image of the blood plasma in the mixing chamber; and
analyzing, using the controller, the image of the blood plasma in the mixing chamber

to calculate a volume of the blood plasma in the mixing chamber.
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CLAIMS

L. An analyzer system for measuring a concentration of a target analvte in a
sample, the analyzer system comprising:

a motor;

a dock coupled to the motor so as to be rotaled by actuation of the motor;

a cartridge held in the dock and including a fluid system configured to receive a
sample, isolate a target analvie of the samiple, and collect a quantity of a first 1abel that is
proportional (o a quantity of the target analyvte in the sample, the flwid system including:

an inlet chamber,

a maxing chamber downstream of the inlet chamber and configured to mix at
least a portion of the sample so as to bind the target analyte with the first label, and

a wash chamber downstream of the mixing charuber and connected to the
mixing chamber by a channel, wherein the wash chamber 1s radially offset from the

nuxing chamber so as 1o impede flow of the sample into the wash chamber during a

mixing process that 15 carried out in the muxing chamber;

a first electromagnetic radiation source configured to provide electromagnetic
radiation to form an interrogation space within a detection chamber of the cartridge;

a first detector configured to detect electromagnetic radiation emitted in the
miterrogation space by the first label if the first label is present in the interrogation space; and

a controller configured to 1dentify the presence of the target analvie in the sample

based on eleciromagnetic radiation detected by the first detector,

2. The analvzer system according to claim 1, wherein a channel extending from
the mixing chamber to the wash chamber includes a capillary break, the capiliary break
having an expanding cross sectional area in the direction leading away from the mixing
chamber.
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3. The analyzer system according to claim 1, wherein the fluid system of the
cartridge further includes a separation area disposed between the inlet chamber and the
mixing chamber, the separation area including a radially inner separation chamber and a

radially outer separation chamber that are connected by a constricted neck.

4. The analyzer system according to claim 3, wherein a siphon extends from the

radially inner separation chamber to the mixing chamber.

5. A method of mixing a liguid in a cartridge in the form of a flat disc, the
method comprising:

miroducing a liquid to a mixing chamber of the cartridge through a channel that
extends radially inward from the mixing chamber, the mixing chamber including a mixing
bali therein;

rotating the cartridge in a first circumferential direction so as to urge the hiquid
radiaily outward and retain the liquid in the mixing chamber;

intermittently accelerating and decelerating the rotation of the cartridge so as to move

the mixing ball back-and-forth recursively through the mixing chamber.

6. The method according to claim 5, wherein the mixing chamber is provided
with lvophilized reagents prior to the mtroduction of the lipnd, and
wherein mixing resulting from the movement of the mixing ball through the mixing

chamber releases gas from the lvophilized reagents into the hqud.

The method according to claim 6, wherein the released gas moves radially

~3

nward and out of the mixing chamber,

8. The method according to claim 5, wherein the mixing hall is non-magnetic,
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9. A method of detecting the presence of a target analyte in a sample, the method
comprising:

imtroducing the sample inio a cartridge, the cariridge including a fluid system for
isolating the target analyte of the sample and collecting a quantity of a first label that is
proportional {0 a quantity of the target analyvte in the samiple, the ffuid system comprising:
a fluid hine including a flurd miet port configured to receive a fhud, a first
chamber, and a fluid outlet port,
a detection chamber, and
a connecting passage between the first chamber and the detection chamber;
transferring the target analyte to the first chamber;
pumping fluid along the fluid line and info the first chamber while maintaining a body
of air in the connecting passage;
transferring the target analvie to the detection chamber;
directing electromagnetic radiation from a first electromagnetic radiation source to
form an interrogation space within the detection chamber of the cartridge;
receiving, in a first detector, electromagnetic radiation emitted in the interrogation
space by the first label if the first label is present in the interrogation space; and
identifying, using a controller, the presence of the target analyte in the sample based

on electromagnetic radiation detected by the first detector.

10. The method according to claim 9, further comprising transferring the target
analvte to the detection chamber, wherein the target analvie is carried into the detection

chamber by paramagnetic beads that are transported using magnets.

1. The method according to claim 10, wherein the detection chamber 1s disposed

i an elution hine including an elution niet port and an efution outlet port, and
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wherein the method further includes pumping elution fluid into the elution line so as

to unbind the target analyie from the paramagnetic beads.

12. The method according to claim 9, wherein the fluid is pumped along the fluid
line by feeding fhud into the fluid line at the fhud inlet port and withdrawing fluid from the

fluid line at the fluid ouilet port.

13. A method of detecting the presence of a target analyte in a sample, the method
comprising;
infroducing the sample into a cartridge, the cartridge mncluding a fluid system for
isolating the target analyte of the sample and collecting a quantity of a first label that is
proportional to a quantity of the target analyie in the sample, the fhud system comprising:
a first chamber,
a second chamber, and
a channel extending from the first chamber to the second chamber;
binding the target analyte {0 a substrate comprised of paramagnetic beads;
positioning a first magnet near a first surface of the cartridge and adjacent to the first
chamber;
facilitating relative movement of the first magnet and the cartridge so as to pull the
paramagnetic beads out of suspension and inio a bolus, the relative movement being
facilitated by at least one of moving the first magnet across the first surface or rotating the
cariridge;
directing electromagnetic radiation from a first electromagnetic radiation source to
form an interrogation space within the cartridge;
receiving, in a first detector, electromagnetic radiation emutted in the interrogation

space by the first label if the first label is present in the mterrogation space; and
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identifving, using a controller, the presence of the target analyie in the sample based

on electromagnetic radiation detected by the first detector.

14. The method according to claim 13, further comprising facilitating relative
movement of the first magnet and the cartridge so as o {ransfer the paramagnetic beads and

the target analyte from the first chamber o a second chamber.

15, The method of claim 14, further comprising performing a washing operation
in the second chamber so as to isolate the target analyte from other constituents of the

sample.

16. The method according to claim 15, wherein the washing operation includes:

moving the first magnet away from the first surface of the cartridge such that the
paramagnetic beads disperse in the second chamber;

moving a second magnet toward a second surface of the cartridge such that the
paramagnetic beads collect near the second magnet;

moving the second magnet away from the second surface of the cartridge such that the
paramagnetic beads disperse in the second chamber; and

moving the first magnet toward the first surface of the cartridge such that the

paramagnetic beads collect near the first magnet.

17. A method of detecting the presence of a target analyte in a sample, the method
COMPrISIing:

infroducing a sample into a cartridge, the cartridge including a fluid system for
1solating the target analvte of the sample and collecting a quantity of a first label that is
proportional to a quantity of the target analyie in the sample, the fhud system comprising:

an inlet chamber,
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a separation area connected to the inlet chamber, the separation area including
an inner separation chamber and an outer separation chamber, and
a detection chamber downstream of the separation area;
transferring the blood sample from the inlet chamber to the separation area;
rotating the cartridge using the centrifuge so as o move red blood cells of the blood
sample toward the outer separation chamber and move blood plasma toward the inner
separation chamber,
capturing an image of the blood sample in the separation area using a camera;
analyzing, using a controller, the 1mage of the blood sample in the separation area to
determine a position of the red blood cells within the separation area;
transferring blood plasma from the inner separation chamber to a mixing chamber;
isolating the target analyte from the blood plasma;
transferring the target analvie to the detection chamber;
directing electromagnetic radiation from a first electromagnetic radiation source to
form an interrogation space within the detection chamber of the cartnidge;
receiving, in a first detector, electromagnetic radiation emitted in the interrogation
space by the first label if the first label is present in the interrogation space; and
identifying, using a controller, the presence of the target analyte in the sample based

on electromagnetic radiation detected by the first detector.

18. The method according to claim 17, further comprising, in response to the
determined position of the red blood cells, further rotating the cartridge using the centrifuge

so as to further move the red blood cells toward the outer separation chamber.

9. The method according to claim 17, further comprising analyzing, using the

controller, the image of the blood sample to deternune a clarity of blood plasma in the inner
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separation chamber after rotating the cartridge using the centrifuge, wherein transferring the
portion of the sample from the separation area to the mixing chamber is carried out in

response to the clarity of the biood plasma being above a predetermined value.

20. The method according to claim 17, further comprising capturing an image of
the blood plasma in the mixing chamber; and
analyzing, using the controller, the image of the blood plasma in the mixing chamber

to calculate a volume of the blood plasma i the mixing chamber.
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