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METHODS AND DEVICES FOR SAMPLE COLLECTION AND SAMPLE
SEPARATION

BACKGROUND

[6001] A blood sample for use in luboratory testing is ofien obtained by way of
venipuncture, which typically involves inserting a hypodermic needle tnto a vein on the subject.
Blood extracted by the hypodermic needle may be drawn directly into a syringe ot info one or
more sealed vials for subsequent processing. When a veaipuncture may be difficult or
impractical such as on 2 newborn infant, & non-venous puncture such s a heel stick or other
alternate site puncture may be used to extract a blood sample for testing. After the blood sample
is collected, the extracted sample is typically packaged and transferred to a processing center for
analysis.

[6002] Unfortunately, conventional sample collection and testing techniques of bodily
fluid samples have drawbacks. For instance, except for the most bagic tests, blood tests that are
corrently available typically requite a substantially high volume of blood to be extracted from
the subject. Because of the high volume of blood, extraction of blood from alternate sample sites
on a subject, which may be less painful and/or less invasive, are often disfavored as they do not
yigld the blood volumes necded for conventional testing methodologics. In some cases, patient
apprehension associated with venipuneture may reduce patient compliance with testing protocol.
Furthermore, the traditional collection techmique adds wnmecessary complexity when trying to

separate a single blood sample into different containers for different pre-analytical processing.

SUMMARY

[6083] At least some of the disadvantages associated with the prior art are overcome by
one or more embodiments of the devices, systems, or methods described herein.

[6004] In one embodiment, a device is provided for use with a formed component liguid
sample, the device comprising at least one sample inlet for recsiving said sample; at least a first
putlet for outputting only a liquid portion of the formed component liguid sample; at least a
second outlet for outputting the formed component liquid sample at least a first inaterial mixed
therain.

[6085) It should be understood that one or more of the following features may be adapted
for wse with any of the embodiments described herein, By way of non-limiting example, the

body may a first pathway tluidically couples the sample inlet with the first outiet. Optionally, a
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second pathway fluidically couples the sample inlet with the second outlet. Optionally, a
separation material along the first pathway configured to remove said formed coraponent from
the sample prior to outputting at the fisst outlet. Optionally, the separation material and a
distributor are configured to have an interface that provides a multi-mode sample propagation
pattern wherein at least a first portion is propagating laterally within the soparator and a second
portion is propagating through the channels of the distributor over the separator, Optionally,
there is at least 50 mm’ surface area of separator per 30 uL of sample to filter. Optionally, there
is at foast 60 mm? surface area of separator per 30 uL of sample to filter. Optionally, there is at
least 70 mm? surface area of separator per 30 ul, of sample to filter. Optionally, the inlet directs
the sample to primarily contact a planar portion of separator surface, and not a lateral edge of the
separator, Optionally, the amount of time for sample to fill the first pathway and reach the first
outlet is substantially egual to the time for sample to fill the second pathway and reach the
sccond outlet. Optionally, the first pathway comprises a portion configured i a distributed
pattern of channels over the filtration material to preferentially direct the sample over the surface
of the separation material in a pre-determined configuration. Optionally, at least a portion of the
separation material (s coupled to a vent which contacts the membrane in a manner that the vent is
ondy accessible fluidically by passing throngh the separation material.  Optionally, containers
have interiors under vacuum pressure that deaw sample therein,  Optionally, the separation
material is held in the device under compression. Optionally, the separation material comprises
an asynmetric porous membrane. Optionally, the soparation material is a mesh.  Optionally, the
separation material comprises polyethylene (coated by ethylene vinyl alcohol copolymer).
Optionally, at least a portion of the separation material comprises a polyethersuifone.
Optionally, at least a portion of the scparation material comprises an asymmetric
polyethersulfone. Optionally, at least a portion of the separation material comprises
polyaryicthersulfone, Optionally, at least a portion of the separation material comprises an
asymmetric polyarylethersulfone, Optionally, at least a portion of the separation material
comprises a polysulfone. Optionally, the separation material comprises an asymmetric
polysulfone. Optionally, the separation material comprises a cellulose or cellulose derivative
material. . Optionally, the separation material comprises polypropylene (PP). Optionaily, the
scparation material comprises polymethylmethacrylate (PMMA). In one non-limiting example,
the separation material comprises 2 polymer membrane wherein filtrate exit surface of the
membrane comprises a relatively open pore structure and the opposite surface comprises a more
open pore structare and wherein the supporting stracture comprises asymmoetry through at least

50% of the supporting structure but no more than 95% of the supporting strocture, the membrane
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having surface pores at the mininmum surface of a mean diameter of at least about | micron and
having a flow rate of greater than about 4 coo/min/psi. Optionally, the flow rate of the material,
unassisted, is between 1 em/min/psi and 4.3 2 cm/min/psi.

[0006] In one embodiment described herein, a device for collecting a bodily fhuid sample
from a subjeci is provided comprising: at least two sample collection pathways configured to
draw the bodily fluid saraple into the device from a single end of the device in contact with the
subject, thereby separating the fluid sample into two separate samples; a second portion
comprising a plurality of sample containers for recetving the bodily floid sample collected in the
sample collection pathways, the sample containers operably engagable to be in fluid
communication with the sample collection pathways, whereupon when fluid convmunication is
established, the containers provide a motive force to move a majority of the two separais
samples from the pathways into the containers. Optionally, the device includes a separation
material along one of the sample collection pathways, the material configured to remove formed
components from the sample when cutputting to at loast one of the sample containers.

007y In another embodiment described herein, a device for collecting a bodily fluid
sample is provided comprising: a first portion comprising at least one fluid collection location
leading to at least two sample collection pathways configured to draw the fluid sample therein
via a first type of motive force; a second portion comprising a plurality of sample containers for
recetving the bodily fluid sample collected in the sample collection pathways, the sample
containers operably engagable to be in fluid commumication with the sample collection
pathways, whereupon when fluid communication is established, the containers provide a second
motive foree different from the first motive force to move a majority of the bodily fluid sample
from the pathways into the containers; wherein at least one of the sample coliection pathways
comprises a fill indicator to indicate when a minimium fifl level has been reached and that at least
one of the samiple containers can be engaged to be in fhud communication with at least one of
the sample collection pathways. Optionally, the device inchudes a separation material along one
of the sample collection pathways, the material configured to remove formed components from
the sample when outputting 16 at least one of the sample containers,

FO008] In another embodiment deseribed herein, a device for collecting a bodily fluid
sample is provided comprising a first portion comprising at least two sample collection channels
configured to draw the fluid sample into the sample collection chanuels via a first type of motive
force, wherein one of the sample collection channels has an interior coating designed to mix with
the fluid sample and another of the sample collection channels has another interior coating

chemically different from said interior coating: a second portion comprising a plurality of
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samplo containers for receiving the bodily fluid sample collected in the sample collection
chamnels, the sample containers operably engagable to be in fluid communication with the
collection chammels, whereupon when fluid communication is established, the containers provide
& second motive foree different from the first motive foree to move a majority of the bodily fluid
sample from the channels into the containers; wherein containers are areanged such that mixing
of the fluid sample between the containers does not occur, Optionally, the device includes a
separator along one of the sample collection channels, the separator configured 10 remove
formed component from the sample when outputiing to at least one of the sample containers.

[6009] In another embodiment described herein, a device for collecting a bodily fluad
sample is provided comprising: a first portion comprising a phirality of saraple collection
channels, wherein at least two of the channels are configared to simultaneously draw the fluid
sample into each of the at least two sample collection channels via a first type of motive force; a
second portion comprising  plurality of sample comtainers for receiving the bodily fluid sample
collected in the sample collection channels, whercin the sample containers have a first condition
where the sample containers are not in fluid communication with the sample collection channels,
and a second condition where the sample containers are operably engagable to be in fluid
communication with the collection channels, whereupon when fluid communication is
established, the containers provide a second motive force different from the first motive foree to
move bodily fluid sample from the channels into the containers.  Optionally, the device
includes a separator along one of the sample collection channels, the separator configured to
remove formed component from the sample when outputting to at least one of the sample
containers.

[6016] In another embodiment deseribed herein, a sample collection device is provided
comprising: (a) acollection channel comprising a first opening and a second opening, and being
configured to draw a bodily fluid sample via capillary action from the first opening towards the
second opening; and (b) 2 sample container for receiving the bodily fluid sample, the contaier
being engagable with the collection channel, having an interior with a vacuum therein, and
having a cap configured to reccive a channel; wherein the second opening is defined by a portion
the collection chamel configured to penetrate the cap of the sample container, and to provide e
fluid flow path between the collection channel and the sample container, and the sample
container has an interior volome no greater than ten times larger than the interior volume of the
colfection channel. Optionally, the device comprises a separator along one of the sample
collection chamnel, the separator configured to remove formed component from the sample prior

to and when oulputiing to the sample container.
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0011} I another embodiment described herein, a sample collection device is provided
comprising: (#) acollection channel cornprising a first opening and a second opening, and being
configured to draw a bodily fhuid sample via capillary action from the first opening towards the
second opening; (b) 8 sample container for receiving the bedily fluid sample, the container being
engagable with the collection channel, having an interior with a vacuum therein, and having a
cap contigured to receive a channel; and (¢) an adaptor channel configured to provide a fluid
flow path between the collection channel and the sample container, having a first opening and a
second opening, the first opening being configured fo contact the second opening of the
coliection charmel, the second opening being configured to penetrate the cap of the sample
container. Optionally, the device comprises a separator along one of the sample collection
channel, the separator configured to remove formed component from the sample prior to and
when outputting to the sample container,

F8012] In another embodiment described herein, a sample collection device is provided
comprising: (a) a body, containing a collection channel , the collection chammel comprising a first
opening and a second opening, and being configured to draw a bodily fluid via capillary action
from the first opening towards the second opening; (b) a base, containing a sample container for
receiving the bodily fluid sample, the sample container being engagable with the collection
channel, having an interior with a8 vacuum therein, and having a cap configured to receive a
channcl; and (¢} a support, whercin, the body and the base arc connceted to opposite ends of the
support, and are configured fo be movable refative to each other, such that sample collection
device is configured 1o have an extended state and a compressed state, wherein at least a portion
of the base is closer io the body in the extended state of the device than in the compressed state,
the second opening of the collection channel is configured to penctrate the cap of the sanple
container, in the extended state of the device, the second opening of the collection channel is not
in contact with the interior of the sample container, and in the compressed state of the device, the
second opening of the collection channel extends into the interior of the sample container
through the cap of the container, thereby providing fluidic commmmnication between the collection
channel and the sample container. Optionally, the device comprises a separator along one of the
sample collection chammel, the separator configured to remove formed component from the
sample prior to and when outputting to the sample container,

[8013] Tn another embodiment deseribed herein, a sanple collection device is provided
comprising: (a) a body, containing a collection channel , the collection channel comprising a first
opening and a second opening, and being configured to draw a bodily fluid via capillary action

from the first opening towards the second opening; (b) a basc, containing a sample container for
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receiving the bodily fluid sample, the sample container being engagable with the collection
chamnel, having an interior with 2 vacuurn therein and having a cap configured to receive a
charnel; (¢) a support, and (d) an adaptor channel, baving a first opening and a second opening,
the first opening being configured 1o contact the second opening of the collection channel, and
the second opening being configured o penetrate the cap of the sample container, wherein, the
body and the base arc connected to opposite ends of the support, and are configured to be
movable relative to each other, such that sample collection device is configured to have an
extended state and a compressed state, wherein at least a portion of the base is closer to the body
in the extended state of the device than in the compressed state, in the extended state of the
device, the adaptor channel is not in contact with one or both of the collection channel and the
interior of the sample container, and in the compressed state of the device, the first opening of
the adaptor channel is in contact with the second opening of the collection channel, and the
second opening of the adaptor chamnel extends into the interior of the sample container through
the cap of the container, thereby providing fhuidic communication between the collection channel
and the sample container. Optionally, the device comprises a separator along one of the sample
collection channel, the separator configured to remove formed component from the sample prior
to and when outputting to the sample container,

0014) In another embodiment described herein, a device for collecting a fluid sample
from 3 subject is provided comprising: (8) a body containing a collection channcl, the collection
channel comprising a first opening and a second opening, and being configured to draw a bodily
fluid via capillary action from the first opening towards the second opening; (b) a base,
engagable with the body, wherein the base supports a sample container, the container being
engagable with the collection channel, having an interior with & vacuum therein, and having a
cap configured to receive a channel; wherein the second epening of the collection channel is
configured to penetrate the cap of the sample contamer, and to provide a fluid flow path between
the collection channel and the sample container. Optionally, the device comprises a separator
along one of the sample collection channel, the separator configured to remove formed
component from the sample prior to and when outputting to the sample container.

[6015) In another embodiment described herein, a device for collecting a fluid sample
from a subject is provided comprising: (a) a body containing a collection channel, the collection
charmel! comprising a first opening and » sccond opening, and being configured to draw a bodily
fluid via capillary action from the first opening towards the second opening; (b) a base,
engagable with the body, wherein the base supports a sample container, the sample container

being engagable with the collection channel, having an interior with a vacuum therein and
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having a cap configured to receive a channel; and {¢) an adaptor channel, having a first opening
and a second opening, the first opening being configured to comtact the second opening of the
collection chammel, and the second opening being configured to penetrate the cap of the sample
container. Optionally, the device comprises a separator along one of the sample collection
channel, the separator configored to remove formed component from the sample prior to and
when outputting to the sample container,

{8016} It should be understood that one or more of the following features may be adapted
for use with any of the embodiments described herein. By way of non-limiting example, the
body may comprise of two collection channels, Optionatly, the interior of the collection
channel{s) are coated with an anticoagulant. Optionally, the body comprises a first collection
channe] and a second collection channel, and the mterior of the first collection channel is coated
with a different anticoagulant than the interior of the second collection channel. Optionally, the
first anticoaguiant is ethylenediaminetetraacetic ackd (EDTA) and the second anticoagulant is
different from EDTA. Optionally, the first anticoagulant is citrate and the second anticoagulant
is different from citrate. Optionally, the first anticoagulant is beparin and the second
anticoagulant is difforent from heparin. Optionally, one amticoagulant is heparin and the second
anticoagulant is EDTA. Optionally, one anticoagulant is heparin and the second anticoagulant is
citrate, Optionally, one anticougulant is citrate and the second anticoagulant is EDTA.
Optionally, the bedy is formed from an optically transmissive material. Optionally, the device
includes the same number of sample containers as collection channels. Optionally, the device
inchudes the same number of adaptor channels as collection chamels., Optionally, the base
contains an optical indicator that provides a visual indication of whether the sample has reached
the sample container in the base. Optionally, the base is a window that allows a user 1o sce the
container in the base, Optionally, the support comprises a spring, and spring exerts a force so
that the device is at the extended state when the device is at its natural state.  Optionally, the
second opening of the collection channel or the adaptor channel is capped by a sleeve, wherein
said sleeve does not prevent movernent of bodily fluid via capillary action from: the first opening
towards the sccond opening. Optionally, the sleeve contains a vent. Optionally, cach collection
channel can hold a voluome of no greater than 500 all. Optionally, each collection chamel can
hold a volume of no greater than 200 ul., Optionally, each collection channel can hold a volume
of no greater than 100 yl.. Optionally, cach collection channe! can hold a volume of no greater
than 70 ul.. Optionally, each collection channe! can hold a volume of no greater than 500 ul.
Optionally, each collection channel ean hold a volume of no greater than 30 ul., Optionally, the

internal circumferential perimeter of a cross-scction of cach collection channel is no greater than
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16 mm. Optionally, the internal circomforential perimeter of a eross-section of cach collection
channel is no greater than § mun. Optionally, the internal circomntercniial perimeter of a cross-
section of each collection charnnel is no greater than 4 mm. Optionally, the internal
circum ferential perimeter is a circumference. Optionally, the device comprises a firstand a
second collection channel, and the opening of the fisst channel is adjacent to an opening of said
sccond channel, and the openings are configured to draw blood simultaneously from a single
drop of blood. Optionally, the opening of the first channel and the opening of the second
channe! have a centerto-center spacing of less than or equal to about 5 mm. Optionally, each
sample container hag an interior volume no greater than twenty times larger than the interior
volume of the collection channel with which it is engagable. Optionally, each sampie container
has an interior volume no greater than ten times larger than the interior volume of the collection
channel with which it is engagable. Optionally, cach sample container has an interior volume no
greater than five times larger than the interior volume of the colection channel with which #t is
engagable. Qptionally, each sample container has an interior volume no greater than two times
larger than the interior volume of the collection channel with which it is engagable. Optionally,
establishment of fluidic communication between the collection channel and the sample container
results in transfer of at feast 90% of the bodily fluid sample in the collection channel into the
sample container,

[0017] 1t should be understood that onc or more of the following features may be adapted
for use with any of the embodiments described herein, Optionally, cstablishment of fluidic
sommunication between the collection channel and the sample container results in transfer of at
feast 95% of the bodily fluid sample in the collection channel into the sample container,
Optionally, establishment of fluidic communication between of the collection channel and the
sample container results in transfor of at least 98% of the bodily fluid sample in the collection
channel info the sample container. Optionally, establishment of fluidic communication between
the collection channel and the sample container resulis in transfer of the bodily fluid sample into
the sample container and in no more than ten ul. of bodily fluid sarople remaining in the
collection chammel. Optionally, establishment of fluidic commumication between the collection
channel and the sample container results in transfer of the bodily fluid sample into the sample
container and in no more than five ull of bodily fluid sample remaining in the collection channel,
Optionally, engagement of the collection channel with the sample container resulis in transfer of
the bodily fluid sample into the sample container and in no more than 2 ull of bodily fluid
sample remaining in the collection channel. Optionally, the channels have a cross-sectional

shape characterized by a greater widih than height. Optionally, the channcls are distributed in 2
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pattern where at least some of the channels intersect other channels to form a grid pattern.
Optionally, the sample inlet introduces the sample over the manifold. Optionally, the sample
inlet introduces the sample along at least an edge or lateral side portion of the manifold.
Optionally, the sample inlet introduces the sample over the manifold and at least a lateral side
portion of the manifold.

[0018] In another embodiment described herein, a method is provided comprising
comacting one end of a sample collection device 1o a bodily fluid sample to split the sample into
at least two portions by drawing the sample into at least two collection channels of the sample
colfection device by way of a first type of motive force; establishing fluid communication
between the sample collection channels and the sample containers after a desired amount of
sample floid has been confirmed 1o be in at least one of the collection channels, whereupon the
containers provide a second motive force different from the first motive force to move each of
the portions of bodily fluid sample info their respective containers.

[6019] In another embodiment deseribed herein, a method is provided comprising
metering a minimum amount of sample into at least two channels by using a sample collection
device with at least two of the sample collection chanvels configored to simultancously draw the
fluid sample into each of the at least two sample collection channels via a first type of motive
force; after a desired amount of sample fluid has been confirmed to be ia the collection chammels,
fluid communication is established between the sample colloction channels and the sample
containers, whereupon the containers provide a second motive force different from the first
motive foree use to collect the samples 1o move bodily flnid sample from the channels into the
containers.

[6026] In another embodiment deseribed herein, a method of collecting a bodily fluid
sample is provided comprising (a) contacting a bodily fluid sample with a device comprising a
cotlection channel, the collection channel comprising a first opening and 2 second opening, and
being configured to draw a bodily fluid via capillary action from the first opening towards the
second opening, such that the bodily fluid sample fills the collection channel from the first
opening through the second opening; (b} cstablishing a fluid flow path between the collection
channel and the interior of a sample container , said sawple container having an interior vohame
ne greater than ten times larger than the interior volume of the collection channel and having a
vacuum prior to establishment of the fluid flow path between the collection chanuel and the
interior of the sample container, such that establishment of the fluid flow path between the

collection chammel and the interior of the sample container generates a negative pressure at the
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second opening of the collection channel, and the fhiidic sample is transferred from the
coliection channel to the interior of the sample container.

00213 In another embodiment described herein, a2 method of collecting a bodily fluid
sample is provided comprising (a) contacting a bodily fluid sample with any collection device as
deseribed herein, such that the bodily fluid sample fills the collection channel from the fivst
opening through the second oponing of at least one of the collection channcl{s) in the device; and
(b} establishing a fluid flow path between the collection channel and the interior of the sample
container , such that establishing a fluid flow path between the coltection channel and the interior
of the sample container generates a negative pressure at the second opening of the collection
channel, and the fluidic sample is ransferred from the collection channel to the interior of the
sample container.

[6022] It should be understood that one or more of the following features may be adapted
for use with any of the embodiments described herein. Optionally, the collection channel and the
interior of the sample container are not brought into fluid conmmumication until the bodily fluid
reaches the second opening of the collection channel. Optionally, the device comprises two
collection channels, and the collection channels and the interior of the sample containers are not
brought nto fluidic communication until the bodily fluid reaches the second opening of both
collection channels. Optionally, the second opening of the collection channel in the device is
configurcd to penctrate the cap of the sample containcr, and whercin a fluidic flow path between
the second opening of the collection chammel and the sample container is ostablished by
providing relative movement between the second opening of the collection channel and the
samaple container, such that the second opening of the collection channel penetrates the cap of the
sample container. Optionally, the device comprises an adaptor channel for each collection
channel in the device, the adaptor channel having 2 first opening and a second opening, the first
opening being configured to contact the second opening of the collection channel, and the second
opening being configured (o penetrate the cap of the sample container, and wherein a fluidic
flow path between the collection channel and the sample container is established by providing
relative movement between two or more of: (a) the second opening of the collection channel, (b)
the adaptor channel, and (c) the sample container, such that the second opening of the adaptor
channel penetrates the cap of the sample container.

[8023] Tn another embodiment deseribed herein, a method for collecting 3 bodily fluid
sample from a subject is provided compriging: (a) bringing a device comprising a first channel
and a second channel into fluidic communication with a bodily fluid from the subject, each

channce] having an input opening configured for flyidic communication with said bodily {luid,
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cach channel having an cutput opening downstream of the input opening of each channel, and
gach chamnel being configured to draw a bodily fluid via capillary action fiom the input opening
towards the output opening; (b) bringing, through the output opening of each of the first channel
and the second channel, said first channel and said second channel into fluidic commanication
with & first container and 4 second container, respectively; and (¢} directing said bodily floid
within cach of said first channel and second channel to cach of said first container and second
comainer with the ald oft (1) negative pressure relative to ambient pressure in said first container
or said second container, wherein said negative pressure is sufficiont to effect flow of said bodily
flutd through said first chanme! or said second channel info its corresponding container, or (i)
positive pressure relative to ambient pressure upstream of said first chanmel or said second
chamnel, wherein said positive pressure is sufficient to effect flow of said whole blood sample
through said first channel or said second channel into its corresponding container.

8024} In another ombodiment described herein, a method of manufacturing a sample
collection deviee is provided comprising forming one portion of a sample collection device
having at least two channels configared to simultaneously draw the fluid sample into each of the
at least two sampile collection channels via a first type of motive force; forming sample
containers, whereupon the containers are configured to be coupled to the sample collection
device to the provide a second motive force different from the first motive force use to collect
the samples to move bodily fluid sample from the channgls into the containers.

§6025] T another embodiment described herein, computer executable instructions are

"

provided for performing a method comprising: forming one portion of 2 sample collection device

having at least two channels configared to stmitaneously draw the fluid sample info each of the
at least two sample collection channels via a first type of motive foree.

10026] In another embodiment described herein, computer executable instructions for
performing a method comprising: forming sample containers, whercupon the containers are
configured {0 be coupled to the sample collection device to provide a second motive force
different from the first motive force use to collect the samples to move bodily fluid sample from
the channels info the containers.

6027 In yet another embodiment desciibed hergin, a device for collecting 2 bodily fluid
sample from a subject, the device comprising: means for drawing the bodily fluid sample into the
device from a single end of the device in contact with the subject, thereby separating the fluid
sample into two separate samples; means for transferring the fhuid sample into a plurality of
sample containers, wherein the containers provide a motive force 10 move a majority of the two

separate samples from the pathways into the containers.
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F0028] In one embodiment, the desired range of channel surface arca relative to the
surface area of the separator on that side of the separator is v the range of about 35% to 70%.
Optionally, the desired range of channel surface area relative to the surface area of the separator
on that side of the separator is in the range of about 40% to 70%. Cptionally, the desired range
of channel surface area relative to the surface area of the separator on that side of the separator is
in the range of about 50% to 6(0%,

£6029] In yet another embodiment, 3 method is provided comprising collecting a bodily
fluid sample into a collection channel, the collection channel comprising a first opening and a
second opening, and being configured to draw the bodily fluid via capillary action from the first
opening towards the second opening: and using a separator along the sample collection channel
to remove formed component from the sample prior to and when outputting to the sample
comtainer.

FO034] In yet another embodiment, a method is provided comprising collecting # bodily
fluid sample into deviee having a fivst collection channel and a second collection chamnel, the
collection channel comprising a first opening and a second opening, and being configured to
draw the bodily fluid via capillary action from the first opening towards the second opening;
using a separator along the first sample coliection channel to remove formed component from
the sample prior to and when outputting to the sample container; wherein when the bodily flaid
sample is blood, the device outputs both blood and plasma, cach from separate outlets, from the
one sample collected into the device.

F0031] I one embodiment described herein, it is desirable to use separation materials on
a bodily fluid 1o allow for plasma-based assays. The desired list of assays includes not ondy
large molecules such as proteins and lipids, but also smaller metabolites such as those that are
part of the complete metabolic panel and examples include but are not limited to glucose,
calcium, magnestom, etc.... Since the plasma separation materials were not primarily designed
for ihese assays but for use in select types of test-strip based assays, the hemolysis-preventing
agent used n these materials can interfere with other assay chemistrics,

Fan32Y In the case of at least some bodily fluid separation materials described herein, the
separation material may have a coating of a protective material sach as but not limited to an anti-
hemolytic material like single and/or double alkyl chain N-oxides of tertiary amines (NTA).
Alternatively, separation material coating can constitute a combination of an amti-hemolytic
{(such as sorfactant, protein, sugar, or a combination of these), alongside an anti-coagulant (such
as EDTA and its derivatives or Heparin). NTA generally does not interfere with several large

molecule assays. NTA, however, is a chelating agent that strongly binds to di-valent cations

12



©A 02941009 2016~08~26

WO 2015/134809 PCT/US2015/019060

such as calcivn and magnesiom ions. Unfortunately, this resulfs in a very strong interference in
certain assays used to measure, for example and not limitation, calciur and magnesiom
concentrations and also for assays where Ca and Mg are co-factors for enzymes which are part of
the reaction. This can result in significant ervors for such assays.

90331 One or more of the embodiments described herein provide the benefits of the anti-
hemolytic material but also provide a much reduced downside effect of the anti-hemolytic
material leaching into the bodily fluid and altering the assay results. It should be vnderstood that
the coating, in some cmbodiments, can be one oy more of the following: anti-coagulant, anti-
hemolytic, and molecules for surface coverage. Any of these may interfore with assays. Some
embodiments disclosed herein are directed toward multi-region separation material structures
with capture region(s) and pass-through region(s) with different surface treatments.

[0034] Optionally, these separation materials may be asymmetric or non-asynimetric
separation materials, Some embodiments have bi-laver, tri-laver, or other multi-layer
configurations. Some embodiments may be continuously asymmotric with the asymmetric
region extending from an upper surface of the material to a lower surface of the material.
Optionally, some entbodbment may have only one or more portions of the material that are
asymmetric while one or more other regions are isotropic in terms of pore size. Some
embodiments may have an asymmetric material that is then bonded to at least another material
that is isotropic to creaic a desired pore size distribution profile. In such an embodiment, the

asymmetric region may have the larger pore sizes and be coated with anti-hemeolytic material,

Some ersbodiments can have separation roaterials with gradation in coating material thickness
and’or coverage to position material such as the hemolysis-preventing material in areas where
the matgrial is Hikely to be in contact with formed components captured by the separation
material,

[6035] By way of non-limiting example, some separation materials may be washed ina
maaner the preferentially removes the anti-hemolytic material from at least one region of the
separation material, such as the inner portions of the separation materiad, but not the exterior
portions that are more likely fo come into direct contact with formed components of the bodily
fluid. Other variations or alternative coating schemes to create separation materials or filter
structures with areas of leaching and non-leaching materials are not excluded. Optionally,
separation materials can also be coated with at least two different materials that may both leach
into the bodily fluid, bt at least one of these materialy that may leach into the fluid does not
impact agsay measurements and can be used to overcoat the other material and thus decrease the

surface area exposure of the other material to the bedily fluid.

13



©A 02941009 2016~08~26

WO 2015/134809 PCT/US2015/019060

F0036] Optionally, the scparation material comprises an asynunetric porous membrane,
Optionally, the separation material is a mesh. Optionally, the separation material comprises
polyethylene (coated by ethylene vinyl alcohol copolymer). Optionally, at least a portion of the
separation material comprises a polyethersulfone. Optionally, at least a portion of the separation
inaterial comprises an asymmetric polyethersulfone. Optionally, at least a portion of the
scparation material compriscs polyarylethersulfone, Optionally, at least a portion of the
separation material comprises an asymmetric pelyarylethersolfone, Optionally, at least a portion
of the separation material comprises a polysulfone. Optionally, the separation material comprises
an ayymmetric polysulfone.  Optionally, the separation material comprises a cellulose or
cellulose derivative material. Optionally, the separation material comprises polypropylene (PP).
Optionally, the separation material comprises polymethylmethacrylate (PMMA),

[0037] In one non-limiting example, a bodily fluid separation material is provided
comprising a formed component capture region having an anti-hemolytic surface layer; a bodily
fluid pass-through region comprising pass-through openings sized so that formed components do
not enter the bodily fluid pass-through region and a reduced amount of fluid leaching material
relative to than the capture region, wherein during separation material use, bodily fluid enters the
capture region prior to entering the pass-through region,

[0038) In one non-limiting example, a bodily fluid separation material is provided
comprising an anti-hcmelytic, formed componcnt capture region; a bodily fluid pass-through
region comprising pass-through openings sized so that formed components do not enfer the
bodily fluid pass-through region and baving a reduced amount of anti-hemolytic material relative
to the capture region, wherein during separation material use, bodily fluid enters the capture
region prior to entering the pass-through region.

§0039] In one non-limiting example, a bodily fluid separation material is provided
comprising a first filter region of the separation material having an anti-hemolytic coating and
pore spacing sized to consirain formed blood componenis therein; a second filter region of the
separation material having pore spacing smaller than pore spacing of the first filter region with
pores sized so that formed compounents do not enter the second filter region and configured to
have an amount of anti-hemolytic coating less than that of the first region.

[6040] In one non-limiting example, a bodily fluid separation material is provided
comprising a percolating network configured to capture formed blood components: a first region
of the percolating network with an anti-hemolytic coating on structures in the region, said
network with openings sized and spaced to allow formed blood components to enter the first

region but consteaining blood compoenents thercin from passing completely through the first
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region; a second region of the percolating network with 2 reduced anti-hemolytic coating on
structures sized and spaced to prevem formed blood components from entering the second
region; wherein bodily fluid passes through the first region prior to reaching the second region,

0041] Omne or more of the embodiments described herein may include one or more of the
following features. By way of non-limiting example, & separation material may be 2 mesh.
Optionally, at least a portion of the scparation material comprises a polyethersuifone.

Optionally, at least a portion of the separation material comprises an asymmetric
polyethersulfone. Optionally, at least a portion of the scparation material comprises
polyarylethersulfone, Optionally, at least a portion of the separation material comprises an
asymmetric polyarylethersulfone. Optionally, at least a portion of the separation material
comprises a polysulfone. Optionally, the separation maierial comprises an agymmetric
polvsulfone, Optionally, the anti-hemolytic material on the separation material comprises single
andfor double alkyl chain N-oxides of tertiary amines (NTA). Optionally, the first region
comprises a first separation material layer and the second region comprises a second separation
material layer. Optionally, the separation material comprises a first separation material coupled
to a second separation material. Optionally, the separation material comprises at Jeast two
separate separation materials. Optionally, at least another region of the separation material
between the first region and the second region. Optionally, the first region is in fluid
communication with the sccond region. Optionally, the first region is spacced apart from the
second region.

{0042 i one non-limiting example, a method of forming a bodily fluid separation
material is provided comprising coating the separation material with an anti-hemolytic coating
on a first region and a second region of the separation material; reducing anti-hemolytic effect of
the second region of the separation material relative to the first region, wherein when the
separation material 15 in operation, bodily fluid passes through the first region prior to reaching
ihe second region.

[0043) I one nov-limiting cxample, a metbod of forming a bodily fluid separation
material is provided comprising coating at least a first region of the separation material with an
anti-hemolytic coating; not coating at least second region of the separation material with the anii-
hemolytic coating,

[8044] One or more of the embodiments deseribed herein may include one or more of the
following features. By way of non-limiting example, reducing the anti-hemolytic effect may
comprise washing off at least a8 portion of the anti-hemolytic coating on the second region,

Optionally, washing off comprises directing solvent through the separation material. Optionally,
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washing off comprises scaking only a portion of the separation material in a solvent. Optionally,
the anti-hemoiytic effect comprises adding another coating of a difforent material over the anti-
hemolytic coating on the second region. Optionally, reducing the anti-hemolytic effect
comprises treating the separation material to bring s electrical charge state (o a neotral state and
thus reduce the attraction of ions that increase the anti-hemolytic effect.

[0045] In one now-limiting exsmple, a device is provided for collecting a sample from a
subject and outpatting a filirate from the sample.

[8046] In onc non-limiting exanple, a dovice is provided device for collecting a sample
from a subject and forming a filtrate from at least a portion of the sample.

(60471 In one non-limiting exaniple, a method is provided of using a device for
coliecting a sample from a subject and outputting a filirate from the sample.

048] In one non-limiting example, 2 method is provided of processing a formed
component separation membrane,

[6049] I one non-limiting example, a method is provided of processing a formed
component separation material,

00561 In one non-limiting example, a method is provided comprising using a separation
material coupled to a housing o separate a formed component portion of the sample from a
liguid portion of the sample,

[5051] Optionally, a method is provided comprising at least one technical feature from
any of the privr disclosed foatures. Optionally, 4 method is provided comprising at least any two
technical features from any of the prior disclosed features. Optionally, a device comprising at
feast one technical feature from any of the prior diselosed features. Optionally, device
comprising al least any two technical features from any of the prior disclosed features.
Optionally, a system comprising at least ong technical feature from any of the prior disclosed
features. Optionally, a system comprising at least any two technical features from any of the
prior disclosed featares.

10052 This Summary is provided to introduce a selection of coneepts in a simplified
form that are forther described below in the Detailed Description. This Summary is not intended
to identify key features or essential features of the claimed subject matter, nor is it intended to be

used to limit the scope of the claimed subject matter.

053]
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[A054]

BRIEF DESCRIPTION OF THE DRAWINGS

(0551 Figure 1 shows a schematic view of a device according to one embodiment
described herein,
[0056] Pigures 2 to 4 show various views of & device according to one embodiment

described herein.

057 Figures 5A-513 show top-down plan views of devices according to embodiments
described herein,

[8058] Figures 6-7 show various views of a device according to one embodiment
described herein.

(053] Figures 8-9 show various views of a device according to one embodiment
described herein,

[0060] Figures 10-11 show various views of a device having at least two sample
pathways according to one embodiment described herein.

[6061] Figures 12-13 show various views of a device according to one embodiment
deseribed herein,

£0062] Figures 14-19 show cross-sectional views of various configurations for sample
inlet openings and chanmels according to embodiments herein,

{00631 Figures 20-21 show views of various configurations for sample inlets according to
embodiments herein,

[0064) Figures 22-28 show various patterns for sample distribution psthways according

to embodiments herein.
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F065] Figures 29-30 show various views of a device according to one embodiment
described hercin,

§0066) Figures 31-32 show various views of a device according to one embodiment
described herein,

F6067] Figures 33-34 show various views of a device according to one embodimend
deseribed herein.

[8068] Figure 35 shows various views of geometric configuration for the separator
according to embodiments described herein.

{00691 Figures 36-38 show one non-Hmiting example of sample inlet flow over the
separator according to embodiments described herein,

[6076] Figures 39-42 show one non-limiting example of sample outlet flow from the

separator according to embodiments described herein,

8071 Figures 43-44 show side cross-sectional views of embodiments described herein,

[8072] Figures 45-46 show top down plan views of vents according to embodiments
described herein.

§8073] Figures 47A-48B show various views of sample wetting of a separator according

to embodiments described herein.

{6074 Figures 49-31 show top down plan views of various distribution channel patterns
over the scparator according to cmbodiments described herein,

[8075] Figure 52 shows cross-sectional views of various channel patierns and shapes
over and under the separator according to embodiments described herein.

[8076] Figures 53-55 show non-Himiting examples of various aspect rafios of the
separator according to embodiments described herein.

00771 Figure 56 shows a side cross-sectional view of one non-limiting example of an
extt pathway according to embodiments described herein.

[0078] Figures 57 1o 59 show views of non-limiting examples of devices having at least

two sample pathways according to embodiments described herein.

[8079] Figure 60 shows yet another configuration of a device according to embodiments
herein.
00867 Figure 61 shows one non-limiting example of a cartridge having a sample

collector and sample separator according to embodiment herein,
[0081] Figures 62 to 77 show still further embodiments as described herein,
5082 Figure 78 shows a side, cross-sectional view of a separation material according to

one embodiment described herein.
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F8083] Figure 79 shows an exploded side, cross-sectional view of separation materials
sccording to one embodiment deseribed herein,
[0084) Figure 80 is schematic of a multi-layer separation material according to one

embodiment described herein.

F6085] Figures 81 and 82 illustrate methods according to embodiments described herein,
[0086] Figure 83 shows one mode of operation according to at least one embodiment
described herein.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
[8087] It is to be understood that both the foregoing general description and the
following detailed doscription are exemplary and explanatory only and are not restrictive of the
invention, as claimed. Jtmay be noted that, a5 used in the specification and the appended claims,
the singular forms “a”, “an” and “the” inchude ploral referents vmless the context clearly dictates
otherwise. Thus, for example, reference to “a material” may include mixtures of materials,

reference to “a compound” may inclade multiple compounds, and the tke,

[0D88) In this specification and in the claims which follow, reference will be made to a
number of terms which shall be defined 10 have the following mesnings:

{60891 “Optional” or “optionally” means that the subsequently described circumstance
may or may not occur, so that the description includes instances where the circumstance ocours
and instances where it does not. For example, if a device optionally contains a feature for a
sample collection unit, this means that the sample collection unit may or may not be present, and,
thus, the description includes both structures wherein a dovice possesses the sample collection
unit and stroctures wherein sample collection unit is not present.

£0090] As used herein, the terms “substantial” means more than a minimal or
insignificant amount; and “substantially” means more than 2 minimally or insignificantly, Thus,
for example, the phrase "substantially different”, as used herein, denotes a sufficiently high
degree of difference between two numeric values such that one of skill in the art would consider
the difference between the two values to be of statistical significance within the context of the
characteristic measured by said values. Thus, the difference between two valoes that are
substantially different from each other is typically greater than about 10%, and may be greater
than about 20%, preferably greater than about 30%, preferably greator than about 40%,

preferably greater than about 50% as a function of the reference value or comparator value.
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FB091] As used herein, a “sample” may be but is not limited {0 a blood sample, or a
portion of a blood sample, may be of any suitable size or volutne, and is preferably of small size
or volume. In some embodiments of the assays and methods disclosed herein, measurements
may be made using a small volume blood sample, or no more than & small vohume portion of a
blood sample, where a small velume comprises no more than about 5 mL; or comprises no more
than about 3 mlL; or comprises no more than about 2 mlL; or comprises no more than about 1 ml.;
or comprises no more than about 300 pl.; or comprises no more than about 230 uL; or comprises
no more than about 100 ul; or comprises no more than about 75 uL,; or comprises no more than
about 50 uk.; or comprises no more than about 35 ul; or comprises no more than about 25 uL;
or comprises no more than sbout 20 ul; or comprises no more than about 15 ul.; or comprises
no more than about 10 pL; or comprises no more than about & pL; or comprises no more than
about 6 uL; or comprises no more than about 5 pL.; or comprises no more than about 4 pL; or
comprises no more than about 3 pl; or comprises no more than about 2 pi; or comprises no
more than about 1 uL; or comprises no niere than about .8 ul.; or comprises no more than about
0.5 pL; or comprises no more than about 0.3 pL; or comprises no more than about 0.2 pL; or
comprises no more than about 0.1 pl; or comprises no more than about 0.05 ul. or comprises
no more than about 0.01 ul.

§6092) As used herein, the term “point of service location” may include locations where
a subject may reeeive a service {o.g. testing, monitoring, treatment, diagnosis, guidance, sample
coliection, 1D verification, medical services, non-medical services, ete.), and may inchude,
without limitation, a subject's home, a subject's business, the location of a healthcare provider
{(e.g., doctor), hospitals, emergency rooms, operating rooms, climics, health care professionals’
offices, laboratorics, retailers [e.g. pharmacies (e.g., retail pharmacy, clinical pharmacy, hospital
pharmacy), drugstores, supermarkets, grocers, ¢tc.], transportation vehicles (e.g. car, boat, truck,
bus, atrplane, motorcycle, ambulance, mobtle unit, fire engine/truck, emergency vehicle, law
eforcement vehicle, police car, or other vehicle configured to transport a subject from one point
to another, etc.), traveling medical care unifs, mobile units, schools, day-care centers, security
screening locations, combat locations, health assisted living residences, government offices,
office buildings, tents, bodily fluid sample acquisition sites (e.g. blood collection cenders), sites
at or near an entrance to & location that a subject may wish to access, sites on or near a device
that 2 subject may wish to access (e.g., the location of a computer if the subject wishes to aceess
the computer), a location where a sample processing device receives a sample, or any other point

of sexrvice location described elsewhere herein.
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00931 As used heretn, the term “separator” may include a mesh, a filter, a membrane, a
porous membrane, au asymmetric porous membrane, a semipermeable hollow fiber menmbrane, 2
percolating network structure, a material that can be used for size-exclusion of objects greater
than a certain dimension, or other filtering material, Materials gseful for the preparation of the
separating material may be selected from the group comprising polyethylene {coated by ethylene
viny! alcohol copolymer), polyacrylates, polystyrene, polyethylene oxide, cellulose, cellulose
derivatives, polyethersulfone (PES), polvpropylene (PP), polysulfone (PSU),
polymethylmethacylate (PMMA), pelycarbonate (PC), polyacrylonitrife (PAN), polyamide (PA),
poivtetrafluorcthylene (PTFE), cellulose acetate (CA), regenerated cellulose, and blends or
copolymers of the furegoing, or blends or copolymers with hydrophilizing polymers, inclading
with polyvinylpyrollidone (PVP) or polyethyleneoxide (PEQ). Suppliers of such materials
and/or membranes include but are not limited to BASF, Advanced Microdevices P. Lid.,
Taternational Point of Care Inc., Gambro Lundia AR, Asahi Kasei Kuraray Medical Co., L4d,,
GE Healtheare (Whatman division), or the hike.

[0094] As used herein, the terms “sample” and “biological sample” refer 10 a blood,
urine, sputum, tears, material(s) from a nasal swab, throat swah, check swab, or other bodily
fluid, excretion, secretion, or tissue obtained from a subject. These terms are inclusive of an
entive sample and of 2 portion of a sample. As used herein, reference to a fluid sample includes
reforence to a sample and a biological sample. Such samples may include fluids into which
material has been deposited, where such material may be obtained from a nagal swab, throat
swab, cheek swab, or other sample which may include solid or semi-solid material, whether
along with or without natural floids. Such fluids and samples comprise fluid samples and sample

solutions,

[0095] As used herein, the term “formed component” may inclade solid, semi-solid, or
celludar structures such as but not limited to red blood ceils, white blood cells, platelet, or other
components that may be found in a sample, 2 biological sample, bodily fluid, or natural fluid,

[B096] As used herein, the terms “B1P and *“filled” and their grammatical equivalents,
.g., as used in phrascs such as “a vessel may be filled with a sample sohution” refer to the
transfer of any amount, including partial filling and complete filling. These terms as used herein
do not require that such filling comptletely fill a container, but include any lesser amount of
filling as well.

[0097] Tt should be understoud that the devices herein can be configured for use with
sample applied to the device, sample drawn into the deviee by capillary force, sample delivered
into the device by way of venipunture, sample delivercd into the device by way of arterial
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puncture, nagal swab, tear collection, collection from any open wound, biopsy, or other sample
delivery or acquisition technique and is not limited to any specific ¢xample described herein.

[0098] Referring now to Figure 1, one embodiment of a formed component separation
device will now be described. Figure | shows a side cross-sectional view of a device 10 having
a formed component separator 20 positioned along a pathway as indicated by arrow 30, In thig
non-limiting cxample, the device 10 has at least one sample inlet 40 for receiving a liquid sample
that has the formed components there and at least a first cutlet 50 for outputting only a liquid
portion of the formed component liquid sample. As seen in Figore 1, the pathway 30 fluidically
couples the sample inlet with the first outlet, Figure | alse shows that sample such as but not
Hmited 1o blood flows from the inlet 40 and mto and/or over the formed component separator 20,
In this non-limiting example, blood enters the formed component separator 20, where blood cells
are trapped based on the principle of size exclusion, The formed component separator 20, in one
embodiment, may have a plurality of pores wherein those on one surface are significantly
smallor than those on another surface of the separator 20, In this manner, the cells in the blood
can enter the separator 20 through the larger pores but canmot pass completely through the
separaior due to the much smaller pores on the output side of the separator 20.

[6049) As the sample flows across the separator 20, the hiquid portion of the sample such
as but not limited 10 plasma is pulled away from the back of the separator 20 via a combination
of capillary action and/or applicd pressure differential. Plasma flows away from the scparator 20
as indicated by arrow 30. In one embodiment, the walls within the device 10 may be coated with
material such as but not limited to anti-coagolant for mixing with the sumple during filling.

[00108]  Referring now to Figore 2, snother embodiment of a formed component
separation device will now be described. In this non-limiting example, the device 100 has an
inlet 102 that is open towards a top surface of the device 100, The inlet 102 is connected by a
channel 104 to a distributor 110 that preferentially spreads the sample over the separator 20. The
liquid portion of the sample is outputted to the collector 120 which may be directed to an
external channel 130 such as a noedle or adapter channel, It should be understood that the
distributor 11( is not restricted to any particular stracture or material and may be a plurality of
capillary channels or tubes that distribute the sample over the membrane. In some embodiments,
it may be a hydrophilic coating that may be a continuous coating or a patterned coating to deaw
sample to flow over the membrane.

[00101)  Referring now to Figure 3, a crogs-sectional view of one portion of the device 100
(as indicated by arrows 3-3 in Figure 2) shows some of the details regarding this embodiment of

the disiributor 110 that preferentially spreads the sample over the separator 20, and the collector
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126 which draws hquid away from the separator 2. Sample will flow across the separator 20 as
indicated by arrow 122, In this non-limiting example, the lead-in channel 130 wicks blood in
from the inlet 102 and transports it into the distribution channel network of distributor 110 via
capillary action. The distribution channel network comprises a network of capillaries on the
blood side of the separator 20.  This distributor 130 pulls sample away from the lead-in channel
and distributes it evenly over the membrane. In onc embodiment, the separator 20 scparates
plasma from whole blood via a two-step process. One process uses a passive mechanism:
gravity and capillary force gradient. A second process uses an active mechanism: application of
a pressure differential. These processes can act in 2 sequential manner or in a simultancous
manner. Capillavies of collector 120 also route the Kguid portion of the sample into the
extraction port when the pressure differential is applied. Sample flow through the device 100 is
indicated by arrow 140,

801621 Referring now to Figures SA and 5B, various embodiments of collection devices
will now be deseribed. Figure 5A shows a sample separation device 150 that has an aspect ratio
that provides for fewer numbers of channels but increases the length of each of the channels.
The tength of the membrane along a longitudinal axis of the device, relative to the width may be
in & range of about 3:1 to about 5:1. Figure 5B showy another embodiment of a separation
device 160 that has a different agpect ratio which an increased number of capillary channels, but
roduced length for cach. The length of the membranc along 2 longitudinal axis of the device,
relative to the width may be in a range of about 1:1 to about 1:3. 1t should also be wnderstood
that the cross-sectional size of channels over separator 20 and those beneath the separator 20 can
alsg be different. In one embodiment, the channels in the coliector 120 that are beneath the
separator 20 are at least 2x smaller in cross-sectional area than those over the channel. In one
embodiment, the channels in the collector 120 that arc beneath the separator 20 arc at least 5x
smaller in cross-sectional area than those over the channel. In one embodiment, the charmels in
the collector 120 that are beneath the separator 20 arc at feast 10x smaller in cross-sectional arca
than those over the chanmel, The decreased size of the chaunnels will increase the capillary
pressure and thus preferentially divect Hauid portions of the sample towards the output of the
device.

(901631  Referring now to Figures 6 and 7, vet another embodiment of a sample separation
device 170 is shown. Figure 6 shows a top-down view of 2 bottom portion of the separation
device 170 is shown with a vent 172, a vent mnlet channel 173, and a collector 176 is shown with
a plurality of channels to draw sample from an underside of the separator 20 (more clearly

shown in Figure 7). As cutlet tube 178 such as but not limited o a necedle can be used to engage
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a container such as but not limited to a sealed container with piercable septum or cap, wherein
the interior or the container is under vacuum pressure therein 1o pull liquid sample imo the
container when it is fluidically engaged by the needle of the outlet tube 178, Optionally, the
condainer may take the form of a {est tube-like device in the nature of those marketed under the
trademiark "Vacotainet” by Becton-Dickinson Company of East Rutherford, NI

{01041  Figure 7 shows, in one embodiment, a side cross-sectional view of the device 170,
As can be seen, the separator 20 is “sandwiched” between the distributor 174 and the collector
176. The separation material along the first pathway configured to remove formed components
from the sample prior to outputting at the fivst outlet. Processed sample will be outputted through
the outlet wbe 178 into a container or other receptacle. Some embodiments as seen here may
have a funneled portion in the collector 176 to direct sample that has been processed towards the
outlet tube 178, By way of example and not limitation, the sample can be applied directly to the
distributor 174 or divecily 1o the separator 20.

00165] Referring now to Figures 8 and 9, a still fiurther embodimont will now be
described. Figure 8 is a perspective view of a sample separation device 190. This embodiment
of the sample separation device 190 is configured to allow for divect application of the sample
onto the separator by way of opening 192 over the separator. Processed liquid will be drawn by
the collector 194 to be cutput through the ouatlet 196,

[00166]1  Reforring now to Figure 10, a sample collection device 200 according to onc
cmbodiment herein will now be deseribed. In this non-Hmiting exarple, the sanmple collection
device 200 includes a first pathway 202 that is configured to divect sample to a separator 204.
The sample collection device 200 also inclades a second pathway 206 that collects sample but
does not direct it through a formed component separator 204. Both pathways 202 and 206 have
openings that are co-located, adiacent, coaxial, or otherwise closely positioned at a distal ond 208
of the device 200 that will be in contact with the subject. Optionally, some embodiments may
share a common pathway that has a single opening at the distal end 208. The collecied sample
may exit from one or more adapter channels 210 to one or more sample containers (not shown
for ease of illustration). Figure 10 shows that the distributor 212 may have featares that extend
beyond the arcs of the separator 204. These off-membrane features are helpful in drawing the
sample towards and over the membrane, particularly as the channel widens to accommodaie the
membrane.

(001071 Figure 11 is a cross-sectional view of one embodiment of the distributor 212 over
the separator 204 ag indicated by arrows 11-11 in Figure 10. As seen in Figure 11, at leasta

portion of the separator 204 may have reduced thickness area 214 where the material may be
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thinner or optionally where the material is compressed from its normal thickeaess to hold the
mgterial inplace. In one non-limiting example, one purpose of this compressed region is to
compress the pores in the membrane and thereby create a seal that is impassable by the formed
components. In one non-limiting example, normal separator thickness may be in vange of about
100 1o about 1000 microns. Optionally, normal separator thickness may be in range of about 200
to about 200 microns. Optionally, normal separator thickness may be in range of about 200 to
about 500 microns. Optionally, normal separator thickness may be in range of about 300 to
about 500 microns. Optionally, normal separator thickness may be in range of about 300 to
about 800 microns, Optionally, normal separator thickness may be in range of about 400 to abowt
706 microns. Optionally, normal separator thickness may be in range of about 500 to about 500
microns. Figure 11 also shows that the collector 216 may be a plurality of capillary channels
that have a v-shaped cross-section. These are used to draw the liquid only sample to the outputs
of the device at adapter channel 210,

F30188] Referring now to Figures 12 and 13, a still further cmbediment of 8 sample
collection and separator device 220 will now be described. Figure 12 shows the device 220 as
having an inlet 222 for receiving sample as indicated by arrow 224, The sample received at inlet
222 enters a channel 226 that is aligned along an axis configured to intersect the plane in which
the separaior 228 is positioned. In this manner, the sample when it contacts the separator 228 is
placed onio primarily a planar surface of the scparator 228. Tn onc cmbodiment, the peripheral
portion 230 of separator 228 is compressed to hold the separator in place and to prevent sample
from exiting along the edge of the membrane, ivstead of through the back and into the collector
232.

[60109] At the point of sample contact with the separator 228 and the end of channel 226,
the sample contact both the separator 228 and channels 234 of the distributor 236, In this
manner as will be discussed in more detail elsewhere herein, the sample is drawn by both the
separator and the distributor 236 to be distributed over and/or through the separator. Optionally,
this can be beneficial to prevent clogging of sample at any one location or junction peint on the
separator. Optionally, the distributor may be used to facilitate longitudinal uniformity of the
sample with respect (o concentration of formed components in the liguid portion of the sample.
Optionally, use of the distributor 236 can also speed the filling process. The channels 234 may
be coupled to one or more vents 238 that allow for gus or air to be displaced when sample entors
the distributor 236, Figure 12 shows that each channel 234 may have s own individual vent

238, Optionally, some embodiment may have two or more channels 234 couple to share a vent
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by way of common manifold configuration or the like. As scen, the vents arc positioned at the
ends of the chavnels 234 to aliow for the channels to fully fill.

H0116] Figure 13 shows a lateral cross-sectional view of one embodiment the device 220
wherein the channels 234 of the distributor 236 are shown over the capillary collection channels
240 of the collector 242. Figure 13 also shows that not ever channe] in the collector 242 has the
same cross-sectional shape. By way of non-limiting cxample, the channels 244 along a
perimeter of the collector 242 may have a different shape such as but not Himited 1o a rectangulary
cross-section that is different from other channels in the collector 242,

001111 Referring now to Figure 14, a cross-sectional view of one embodiment of a
sample inlet channel will now be described. As seen in Figure 14, the inlet channel 226 directs
sample from inlet 222 towards the separator 232, The angled orientation of channel 226 relative
to the plane of the separator 232 allows for sample o be placed onto the planar surface of the
separator and not relying purely on lateral pulling. The angled cross-sectional shape also
increascs the arca of sample contact to be greater than merely the lateral cross-section of the
channel.

[86112) Figures 15 and 16 also show other embodiments wherein sample inlet chansels
256 and 252 that have sample channel transition features 254 and 256 that minimize detrimental
effects due to change in chanvel dimension. These transitions features may be configured to
reduce dimension in one axis (feature 254) or minimize a sudden change in dimension (featare
256) by gradually transitioning the change in dimension over a longer and/or wider area, It
should be understood that some embodiments may combine the use of features 254 and 256,
Other embodiments herein may also have these featores or others that use embody the concepts
described herein to minimize detrimental impact of certain channel features. Infet channel
desirably leads to direct contact with the merbrane, which in one non-timiting example, is
without an intermediary reduction n capillary forces, which can stop the blood flow and prevent
distribution.

[001.13] Referring now to Figures 17 to 19, other configurations for sample inlet channels
agccording to embodiments herein will now be described. Figure 17 shows an angled sample
inket chanmel 260 that has a “splitter” configuration wherein at least one opening of channel 262
couples with the inlet channel 260 to direct a portion of the sample to channel 262, This canbe
particularly useful in configurations such as but not limited to that shown in Figure 10 wherein
one portion of the sample will be treated to separate formed components from the liguid portion
of the sample while other portions of the sample are not treated in the same manner and thus

progress down one or more other pathways.
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00114 In this non-limiting example, the opening for channel 260 is at least as large as if
not larger thau the cross-sectional shape of the inlet channel 260. The sample continues in a
second portion 264 of the inlet channel 260 to reach the separator 232. The openings 266 of a
distributor for the separator 232 can be located at the end portion of the channel 260, As seen in
this non-Himiting example, the second portion 264 of channel 260 is smaller in cross-sectional
arca than an initial portion of the channel 260. Figure 17 also shows that the channel 260 is
divecting sample at an upper portion of the channel profile to the second portion 264 while the
opening for channel 262 collect at least sample in the lower portion of the channel profile. A
higher entry point can help with lengthwise blood distribution along the length of the separator
by delaying and reducing initial penetration of the separator by the sample as it flows into the
distribution volume,

(00115} Figure 18 shows vet another embodiment of the sample inlet ¢channel wherein the
opening for chamme] 263 is now configured to interface only 2 smalier portion of the channel 260.
As seon in Figure 18, the opening 263 of the chamnel intersects only a lower portion of the
channel profile for channel 26(. This can useful to customize the volame of sample that is
divected towards each channel.

[00116]  Figure 19 shows yet another embodiment wherein the inlet channel 270 connects
to the second channel 272 and has a significantly larger cross-sectional profile relative to the
sccond portion 274 of the inlet channel. The sccond portion 274 is configured to draw sample
from an upper portion of the cross-sectional profile of the inlet channel. The openings 276 for
the sample distributor draw from the lower portion of the portion 274 to distribute sample over
the separator 232. A collector 278 will draw liquid sample from the separator 232, At least one
vent 280 can be coupled to the separator 232 o provide a controlled inlet of external atmosphere
to facilitate the pull of Hauid device. In one non-limiting example, vent 280 may allow at least
some venting to scour during the dynamic stage of extraction, in which a pressure differential or
other motive force is applied to draw the liquid portion of the sample into at least one collection
container. Optionally, the vent 280 may be separated from the collector 278 by the separator 232
to provide a controlled inlet. The vent 280 may couple to compressed portion of the separator
232. The vent 280 may couple to normal portion of the separator 232.

(901177 Referring now to Figures 20 and 21, various shapes can be configured for use to
engage a subject for sample collcction according to embodiments herein. Figures 20 and 21 both
show protrusions for use on collection devices as described herein, Figurs 20 shows a protrusion

290 that is shaped in a scoop or spoon configuration having both vertical and horizontal portions
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of the opening 292 in the protrusion accessible to the user to collect sample. The opening 292
gy lead to  single or multiple pathways in the device.

[00118]  Figure 21 shows one embodiment of a protrusion 294 that extends away from the
body of the device so that the user is provided a visual cue as to where the contact the device to
the subject to collect sample. The opening may be funnel shaped to agsist in sample collection
and in engagement with the skin of the patient. The protrusion 294 has an opening that may lead
to a single or multiple pathways in the device. Tt should be understood that some embodiments
may have protrasions that are shaped to be convex or concave to facilitate engagement of the
device protrusion with bead or droplet of bodily fluid sample on the subject. The protrugion may
be coated with hydrophilic and/or hydrophobic material to push or pull the sample in a desired
direction.

[00119] Referring now to Figures 22 to 24, it should also be understood that sample can
be delivered to one or more different locations on the sample separator according 1o at least one
embodiment berein, As seen m Figures 19 to 21, some embodiments may deliver sample to one
end of the separator, away from a central portion of the separator. Optionally, some
embodiments as seen in Figures 22 to 23, debiver sample from an inlet at one end to one or more
openings closer to the center of the separator. The sample may be delivered both at the one end
and at locations eloser to the center,

[60126] For cxample, Figure 22 shows cmbodiments of inlet tubes 310, 312, and 314 for
use in delivering sample from an inlet on a periphery of the device 1o one or more locations
along a central area of the separator 316. The locations 320, 322, and 324 may be openings or
vther structures that allow the mnlet tubes 310, 312, and 314 to deliver sample to the desired
location on the separator 316. Figure 22 shows that these locations may be distributed over
various locations on the separator 316, Figure 23 shows an embodiment wherein the locations
330, 332, and 334 are located in a line near the central area of the separator. Optionally, some
embodiments may use single or multiple combinations of one or more of the structures in
Figures 19 to 24 o provide a desired sample distribution pattern over the separator, 1t should be
umderstood that the embodiments herein can deliver the sample directly onto the separator, onto
network of distributor channels over the separator, or a combination of the foregoing.

[00121] Figure 24 shows a still further embodiment wherein the inlet is not located at
cither end of the collection deviee, but instead has an inlet that is substantially centrally located
aa seen in Figure 24, This embodiment shows that the inlet 340 feads to a channel 342 that feeds

to a central portion of the separator 344, Figure 24 is a simplified drawing showing primarily
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only the separator 344 and an outlet port 346 that draws liquid portion of the sample away from
the separator after processing.

001221 Referring now to the embodiments of Figures 25 and 26, it should be understond
that the distribotion of the chaunels of the distributor is not Hmited to the patierns, sizes, or
shapes disclosed in the previous figures. As scen in Figure 25, one embodiment may align all of
the channels 350 orthogonal to the longitudinal axis of the device and/or separator. In the
embodiment of Figure 25, this resulis in a greater number of channels 330, but each has a shorter
length. Optionally, the orientation of the channels is not limited to orthogonal to the longitudinal
axis of the device. Other angles relative to the Jongitudinal axis of the device and/or the
separator are not excluded. Optionally, some embodiments may use different patterns over
different portions of the separator. Optionally, some embodiments can use a combination of
patterns over the same area,

F80123] Jt should also be understood that this same or similar pattern of chanuels can also
be tmplemented on the collector that is used on the opposite side of separator. QOptionally, the
distributor can use one channel patiern and the collector can vse a different channel pattern.

F80124] Optionally, some of the sideways capillaries 3500on the collecior uses a non-
vented configuration. Some of these sideways capillaries 350 demonstrated a different
extraction behavior as blood separates. Lengthwise capillaries tend to extract from back of
device first, then towards the front. Sideways capillarics 350 extract first towards the middle of
the separator and outwards towards front and back of device, which can be used to create a more
even extraction process across the separator.

[80125] As seen in Figure 26, some embodiments may also use a configuration having a
manifold 360 having a plurality of cutlets 362 that can distribute sample over the separator
and/or into the distributor. Some embodiments can have shorter or longer outlets 362, depending
on the pattern that one desires to deliver sample to the separator and/or distributor. It should also
be understood that some embodiments may more than one manifold 360 that delivers sample o
the separator and/or distributor. For example, one embodirent reay have another manifold 360
dehver sample along the other longitudinal edge of the separator.

(001261  Figwre 26 also shows in phantom a potential pattern for a collection manifold 364
for use on the opposite side of the separator for sample collection. This manifold 364 would
typically not be used on the same side as the distribution manifold 360 but would instead be on
an opposite side of the separator.

{0127} Referring now to Figure 27A, a still frther embodiment is shown with a

patterned manifold 370 with channcls that distribute sample along various locations over the
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separator 372, Figure 27A shows that there may be a phurality of vents 374 that allow for gas or
air in the separator 372 or other part of the manifold to escape as saruple fills the area. Tt should
also be understooed that although the manifold 370 is shown with a distribution pattern of
substantially similar length channels 376, such channels can be pattern to have same, different,
repeating, or other patterns of size, length, contact arca with the separator, or other dimengion to
provide a desired performance. Tt should also be understood that the manifold 370 can be used
to directly distribute sample onto the separator or it may opt to deliver sample in a pattern 1o 2
distributor which then further distributes the sample over the separator. Some embodiments of
the manifold 370 uses tubes with openings at select locations to allow sample to exit. Some
embodiments can use channels with at least one open side to distribute sample along a certain
length of the separator and/or distributor,

(00128} Referring now to Figure 278, a still further embodiment is shown with a
patterned manifold 371 with charnels that distribute sample along various locations over the
separator 372, ¥t should also be understond that although the manifold 371 is shown with a
distribution pattern of substantially channels 377, such channels can be pattern to have same,
differont, repeating, or other pattems of size, length, contact arza with the separator, or other
dimension to provide a desired performance. Relative the embodiment of Figure 27A, this
embodiment with manifold 371 uses shorter length channels 377 as compared to channels 376 of
manifold 370. Figure 27B also shows that cmbodiments of the manifold 371 may include
multiple longer length channels 378 to distribute sample to the intersoction channels 377. Figure
278 shows there are three channels 378, but it should be understood that other embaodiments may
have a different number of channels. 1t shoold also be understood that the menifold 371 can be
used to directly distribute sample onto the separator or it may opt to deliver sample in a pattern
to a distributor which then further distributes the sample over the separator. Some embodiments
of the mantfold 371 uses tubes with openings at select locations to allow sample fo exit. Some
embodiments can use channels with at least onc open side to distribute sample along a certain
length of the separator and/or distributor,

[01291  Referring now to Figure 28, yet another embodiment of 2 mamifold 386 is shown.
This can be as a distribotor that has twelve channels that distribute sample over the separator. As
seen, the channel pattern of manifold 380 initially bas six channels leading away from a single
inlet chanmel, and those six channcls are cach split once to achieve twelve channcls.

(001381 Referring now to Figures 29 to 34, still other embodiments showing different
combinations of inlet channels and distributors are shown, Figures 29 and 30 show a single inlet

390 having a circular cross-sectional shape leading o a multi-channel distributor 392 with
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channcls 394, with cach of the channels coupled to its own vent 396, similar to that shown for
Figure 12. It chould be undersiood, however, that embodiments where vents are shared are not
exchuded. Figure 30 shows the cross-sectional shape of the chammels 394 and their size relative
to the capillary channels 398 of the liquid sample collector.

[00131) Figures 31 and 32 show at least one erabodiment of an inlet channel 400 having a
low aspeet ratio in texms of channel height to width. The narrow height, wide inlet channci 400
leads to a multi-channel distributor 402, wherein the channels 404 also have low height to width
aspect ratios and also have intersccting connectors 406 that provide connector pathways between
the channels to form a grid or other pattern. In this particular embodireent, the connectors 406
are pathways with narrower cross-sectional areas that of the chamnels 404, Tach of the channels
404 is coupled to its own vent 408, but it should be understood that embodiments where vents
are shared are not excluded. The low aspect ratio of the channels 404 are more clearly shown in
Figure 32 along with their cross-sectional area relative to the cross-sectional area of the chanmels
409 of the colicetor,

001323  Figures 33 and 34 show an embodiment having an inlet 420 comprising a
pluratity of individual chanuels 422 that are co-located as the inlet 420. Once sample is
cotlected, each of inlet channels 422 directs s portion of the sample to the distributor 424,
which in this case is a multi-channel distributor, wherein the channels 426 have intersecting
conncciors 428 that provide conncctor pathways between the channcls to form a grid or other
pattern, In this particular embodiment, the connectors 428 are pathways with at Icast the same or
greater cross-sectional area than that of the channels 426. Each of the channels 426 is coupled to
its own vent 429, but if should be understood that embodiments where vents are shared are not
excloded. The low aspect ratio of the channels 426 are more clearly shown in Figure 34 along
with their cross-sectional arca relative to the cross-soctional area of the channels 430 of the
collector. As seen in Figures 29-34, the separators are shown with its upper surface in confact at
location 427 with a wall surface of the device so that there is no gap. Some embodiments may
have the separator under compression to maintain this contact and to account for any variation
due manofacturing tolerances. This contact may also be true for the surfaces below the separator.
By way of non-limiting example, this vertical compression of the separator to overcome any
manufacturing tolerances can be applied to any of the erabodiments discussed or suggested
herein,

(001331 Referring now to Figure 35, it should be understood that the separator shown in
the embodiments up 1o this point have been rectangular, race track, oval, or some combination of

the forcgoing. Figure 35 shows that other shapes are not exchuded and that the scparator may be
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material shaped such as but not limited to clliptical, triangular, quadrilateral {e.g.. square,
rectangular, trapezoidal, paralletogram), pentagonal, hexagonal, heptagonal, octagonal, square,
circular, star, other two dimensional patterns, or single or nultiple combinations of the
foregoing. 1t should also be understood that the separator may be configured to be in certain
three dimensional configurations such ag but not limited to tubular, cylindrical, disc, pyramid,
mesa, or the like can also be adapted for use hercin. By way of non-limiting example, some inlet
locations 440 for sample distribution are shown for some embodiments. These are merely

exemplary and other positioning of the number and location of inlets 440 are not excluded.

Sample Flow over Separator

[60134]  Referring now to the non-limiting examples of Figures 36 to 38, it should be
understood that configuration wherein the channels 234 are open on ong side fo separator 232
allows for 2 multi-mode sample propagation pattern wherein at least a fivst portion is propagating
laterally within the separator and a second portion is propagating through the channels 234 of the
distributor over the separator 232, In this non-limiting example, the molti-mode sample
propagation shows a leading edge 450 that is ahead of the sample n the chanunels at filled surface
452, which can exhibit a meniscus type shape as seen in Figure 36, The sample continues to fill
the separaior 232 with the multi-mode sample propagation pattern as seen in Figure 37 until the
fill is compleied as scen in Figure 38, when sample s filled in the channels to reach the vents
238. In some embodiments, the volume of sample in the channels is greater than that in the
separator 232 and this may account for part of the reason that the leading edge in the separator

232 may be moving ahead of that in the chamnels 234,

Samole Colle

[80135] Referring now to the non-limiting examples of Figures 39 t0 42, at least one non-

tion from Separator

limiting example of sample flow during separation will now be described. Although not shown
in the illustrations, at the point when the device is in the minimum fill condition as seen in Figure
39, the sample is ready to be engaged by a force to draw sample more completely through the
separator 232, In non-timiting example, there has already been some liguid sample that has
traversed though the thickness of the separator 232 and has been pulled by capillary pressure
from the capiliary channels 240 of colicctor 242 to £} at least some of those channels and
“prime” the channels with liquid that can then be used as part of the system to complete
processing of the remaining sample held in the channels of the distributor above the separator

232. Asindicated by arrow 460, a puiling force such as but not limited to full or partial vacoum
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in a sealed container like a vacutainer can be used o start moving liguid only sample into the
containgr. As long as there is no “meniscus™ break or if such breaks are recoverable, the sample
stiff in the separator 232 or above it will begin to be drawn though the device.

§00136) As seen in Figore 40, the pull of liquid in the direction of arrow 460 on the
underside of the separator 232 will also create a pull that draws sample laterally toward and/or
downward into the separator 232, It is often desirable that this flow be without destructive
travmma to formed components trapped in the separator 232, as the release of material from inside
these formed components into the sample is generally undesirable. Figore 40 shows that some
sample that was in the inlet 222 has been drawn into the chanoels 234, Sample bas begun to
drain into the separator 232 in the channels 234 closest to the edge near the pulling force
indicated by arrow 460. Figure 41 also shows that the sample continues to be drawn downward
and in the direction of arrow 460, there is also movement of sample further away from the inlet
222, Vigure 42 shows that upon completion of the sepavation process, form components such as
but not mitod to red blood cells that have been size-oxcluded from the sample remain and ieave
a light red color on the separator 232,

F80137] Referring now to Figures 43 and 44, a side cross-sectional view is shown of
various embodiments of a sample collection and sample separation device. Figure 43 shows that
maximum trans separator pressure occurs closest to the end of the device where the outflow 460
is occurring. The further away from the arca of outflow 460, the Icsser the trans pressure across
the separator, This gradient can explain in part the flow pattern seen in Figures 39-42.

F00138] As the separator beings to become clogged with formed components near the
extraction end at arrow 460, flow has an increasing lengthwise component. Lengthwise intra
separator flow increases shear stross on RBCs, and this trauma leads to greater hemolysis, even
at lower pressures, Shorter, wider soparator exhibit this effect in 2 manner that is less
pronounced, while the effect is more pronounced in separators of greater lengths,

[00139]  Referring now to Figure 44, one embodiment herein comprises at least one or
more vonts 470 on the back side/collector side of the collector that decouples filtration from
extraction. By providing a controlled inlet, the excessive force conditions that may cause excess
shear stress it relieved by the controlled indet from a pathway different from those oecupied by
the formed components, thus shifting pressure away from those components and still allowing
for lateral liquid flow doring extraction. In onc non-limiting example, the controlled venting is
batanced by having the pathway to reach the vent 470 pass through a portion of the separator
232, In one embodiment, this is a portion of the separator 232 i not fillked with sample.

Optionally, this is a compressed portion of the separator 232 not filled with samplc. In this
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manncr, there will be some level of venting that creates a pathway for sir to enier by way of the
vent to relieve the pressure put on formed components in the sample if there is no separate inlet,
In ene embodiment, the resistance is substantially equal o the resistance associated with venting
through the separator 232 filled with sample. In one embodiment, the resistance is less than the
resistance associated with venting through the separator 232 filled with sample. With the vent
structure, one can extract plasma with reduced risk of hemolysis when dealing with blood
samples,

[80146]  Referring now to non-limiting examples of Figures 45 and 46, top down views of
vent structures i the lower half of the device is shown. Figure 45 shows that in thig
embodiment, the vent 480 is coupled 10 2 shaped pathway 482 that is configured to be in
communication with the capiilary channels 240 of the collector 242, Some embodiment may
inchade a valve, porous material, mesh material, reduced diameter pathway, or other flow
reducing material to control the flow of air from the vent fo the interior of the collector 242,
Some embodiments may also have the shaped pathway 482 be compressed with material from
the separator (not shown) to stow the flow to the collector 242,

F80141] Referring now to Figure 46, the vent 484 of this embodiment is coupled to a
shaped pathway 486 that is configured to be in the area where the separator material {(shown in
phantom by line 487) will cover it. The coverage may be in a compressed manner. Optionally,
the coverage may be without substantial compression. The communication with the capillary
channels 350 of the collector are separated by a pre-selected distance 488 from the shaped
pathway 486 of the vent. In this manner, the pathway travels through at least that distance 488
of separator material (which may be gas porous) before air from the vent is able to be in fhad
communication with the channels 350. This can be useful in some smbodiments to regulate the
rate in when venting ocours,

(80142 It should be understood that although the shaped pathways 482 and 486 are shown
as continuous pathways, they may optionally be a plurality of discontinuous, discrote openings
linked to & common vent or having their own individual vents. In some embodiments, it is
desirable to locate the vent near the end of the device distant from the end where liguid sample is
being pulled from the device. Some embodiments may combing one or more components of
Figures 45 and 46 together regarding venting and regulation of air through any such vent,

{00143 Reforing now to non-Emiting examples of Figures 47 and 48, these figures show
cross-sectional views of the separator showing different percentages of saturation by the sample.
As seen in Figure 48A, the spacing of the channels of the distributor over the separator can be

selected to increase scparator saturation. Figurc 47A shows large channels spaced fasther apart
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vields lower saturation that a combination of smaller channels spaced closer together to achieve
a mote uniform saturation patiern in the material,

001441 As seen in the top down view in Figure 47B, directed wetted area 490 as
compared to indirectly wetted area 492 can be configured 10 increase overall saturation of the
separator. The directly wetted surface arca in Figure 47B relative to total surface area is about
30%. Channel SA/V =DWA/Y = 5.0 for Figure 478,

£60145] Figure 488 shows directed wetted area 492 as compared to indirecily wetted ares
496 can be configurod to increase overall saturation of the separator. The directly wetted
surface area in Figure 488 relative to total surface area is about 60%. Channels in the new
configuration have a larger ratio of divectly wetted surface area (DWA) to volume 'V, and nearly
twice the directly wetted area as a fraction of total surface arca (SA), wherein V is the volame of
the separator. This resulis in a more effective wetting of the membrane; takes in more liquid per
surface area. Channel SA/V = DWA/V =63 for Figure 48B. In ove emhodiment, the desired
range of channel surface arca relative to the surface arca of the separator on that side of the
separator is in the range of about 35% to 70%. Optionally, the desired range of channel surface
area relative to the surface area of the separator on that side of the separator is in the range of
about 40% to 70%. Optionally, the desired range of channel surface area relative to the surface
area of the separator on that side of the separator is in the range of about 50% to 60%. In one
cmbodiment, the ratio of Channel SA/V which is also DWA/V is in the range of about § 10 about
18, In one embodiment, the ratio of Channel SA/V which is also DWA/V is in the range of
about 4.5 to about 9. Tn one embodiment, the ratio of Channel 8A/V which is also DWA/V is in
the range of about 5 to 8. Optionally, the ratio of Channel SA/V which is also DWA/SV is in the
range of about 6 to §. Optionally, the ratic of Channel SA/V which is also DWA/V is in the
range of about 5.5 to 7. Optionally, the ratio of Channel SA/V which is also DWA/V ig inthe
range of about 60 7.

[00146]  Referring now to non-limiting examples of Figures 49 to 51, various patterns of
chanvels for disiribution over the separator are shown.  Figure 49 shows an erabodiment
wherein there are no channels over the separator 20, Pigore 50 shows an embodiment with ten
channels. Although distributed symmetrically aboot a longitudinal axis of the separator, it
should be understood that other embodiments where channel size, distribution, or length are not
symmetrical about the longimmdinal axis may be used. Pigure 51 shows an embodiment with
twenty two distribution channels,

[0147)  Figure 52 shows a plurality of cross-sections of the device showing the

distributor, separator, and collector. As seen, the channels 500 of the distributor can be of
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various cross-sectional shapes such as but not limited to clliptical, triangular, quadrilateral {c.g.,
square, rectangular, trapezoidal, paralielogram), pentagonal, hexagonal, heptagonal, octagonal,
square, circular, star, other two dimensional patterns, oval, half-oval, half-circular, polygonal, or
single or multiple combinations of the foregoing. The lengthwise pathway shape can also be
configured such as to distribute sample in a desired marmer over the separator. The channels 510
of the collector can be of various cross-sectional shapes such as but not limited to clfiptical,
triangular, quadrilateral {e.g., square, rectangular, trapezoidal, parallelogram), pentagonal,
hexagonal, heptagonal, octagonal, square, circular, star, other two dimensional patterns, oval,
half-oval, half-circular, polygonal, or single or multiple combinations of the foregoing, In one
embodiment, the channels shapes of the distributor and the collector may be the same or
different. Some embodiment of the distributor may have different shaped and/or sized channels
in the distributor to provide a certain desired sample distribution pattern. Some embodiment of
the collector may have different shaped and/or sized channels i the collector o provide a certain
desired sample collgetion pattem,

[o0148]  Figures 53 to 55 show various non-limiting examples of different aspect ratios for
the separators for use with the device. Figures 53 and 55 also show different aspect ratios for the
digtributor used with such a device. In one embodiment, the separator has a configuration wherg
the aspect ratios, defined as the length of the separator 520 (lengthwise along the divection of
flow, toward the cxtraction port as indicated by arrow 521) divided by its width along arrow 523
are in the range of about 1:1 to 3;1. Optionally, the aspect ratio may be in the range of 1:1 to 5:1.
Optionally, some embodiments may have aspect ratios in the range of 5:1 1o 1:1. Tt should be
vinderstood that in these figures, the channels 500 are shown over the separator 520. A common
vent 530 which is shown in Figures 53 and 54 can be also adapted for use with other
embodiments described herein. Figure 55 shows a plurality of different aspect ratios for the
separator 520 and the distribotor having chanmels 500.

001491  Figure 56 shows one example of an exit conduit 540 below the collector 550 that
shows a round tmeer surface 542 in the 90 degree elbow that transitions directions of sample flow
out of the device from a vertical to a lateral flow,

(001561 Figwres 57 to 59 show that in addition to the pathway 600 for separation of
formed components from the sample, some embodiments of the device are also configured to
allow for other pathways 610, 620, or 630 that collect sample for treatment in a different manner.
As seen in the figures, these pathways can be shaped and sized so that they can contain a desired
amount of sample therein, Some embodiment may be configured so that the pathlength is such

that the fill times for both the formed component separated sample and the vo-separated sample
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arc substantially the same. In this manner, a single indicator can be used to alert the user that
sufficicnt fill has been achicved in both pathways.

(001511  Figures 57 to 59 also show that the output of the devices may be into containers
666. In one non-limiting example, the container may be but is not imited to a sealed container
with piercable septums or cap, wherein the fnterior or the container is under full, partial, or some
level of vacuum pressure therein 1o pull at least a certain volume of liguid sample into the
comainer when it is fluidically engaged by the needle of the outlet tube or needle of the devices
described heroin. Optionally, the container may take the form of a test tube-like device in the
nature of those marketed under the trademark "Vacutainer”" by Becton-Dickinson Company of
Fast Rutherford, NJ. The cutput of one device may be both blood (B) and plasma (P).
Optionally, the output can be viewed as a) separated liquid-only sample and b) other sample
outpt. Optionally, the output can be viewed as a) separated liguid-onty sample (and any formed
components smaller than the size cxclusion mit) and b) other sample output. One or more of the
pathways may be treated, coated, or otherwise prepared to deliver a material into the sample such
as but not fimited o an anti-coagulant, ethylenediaminetetraacetic acid (EDTA), citrate, heparin,
or the like as currently known or will be developed in the future. Some may have two or more
the pathways treated with the same or different material,

100152  Figure 59 shows a still further embodiment showing a Y-split to separate sample
to 2o in to both pathways. It should be understood that although this indication of fill level in onc
or more of the pathways may be by way of a visual indication. It should alse be understood that
other indication methods such as but not limited to audio, vibratory, or other indication methods
may be used in place of or in combination with the indication method. The indicator may be on
at least one of the collection pathways. Optionally, indicators are on all of the collection
pathways, It should be understood that the devices herein can be configured to have three or
more pathways and are not imited 1o only two pathways.

[001531  For any of the embodiments herein, there can be container(s) such as but not
limited to containgr 660 for use in drawing licuid sample that has gone through or will be drawn
through the separator. In some embodiments, this is a two phase process, where there is an
initial filling phase of sample into the separator using a first motive force and then a second
phase vusing a second motive force to complete the sample separation process. The at least two
differcnt motive forces can be sensitive to timing in that it may be undesirable to activate the
second motive force until a sufficient volume of sample has been metered into one or more of the
pathways or until a sufficient fill allows for drawing of sample into the container without a

meniscus break during the draw process under the second motive force. Suilable methods,
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devices, features, indicators, or the like can be found in U'S. Patent Application Ser. No.
61/786,351 filed March 15, 2013 .

Unified holders for nltiple containers 660, shipping units, additional pieces for
attaching/sliding/integrating the containers 660 and/or their holders to the sample
collection/separation device, frits, and other adapter chanmels stroctures can also be found in U.S.
Patent Application Ser, No, 61/786,351 filed March 15, 2013,

[00154]  Figure 60 shows a still further embodiment wherein the ouotput tube, needle,
channel, or other structure 670 can be oriented to exit from a bottom part of the device. It can be
orthogonal to the plane or at other angles. Some embodiments may have both bottom and side
exiting output structures 670. Some embodiments may have mulktiple output structures 670 in
side and/or bottom surfaces.

(001551  In one embodiment, the collection and/or separation pathways such as but not
Himited to channels may also have a sclected cross-sectional shape. Some embodiments of the
pathways may have the same cross-sectional shape along the entire length of the pathway.
Optionally, the eross-sectional shape may remain the same or may vary along the length. For
example, some embodiments may have one shape at one location and a different shape at one or
more different locations along the length of the pathways. Some embodiments may bave one
pathways with one eross-sectional shape and at least one other pathway of a different eross-
sectional shape. By way of non-Himiting example, some may have a circular, elliptical,
triangular, quadrilateral (c.g., square, rectangular, trapezoidal), pentagonal, hexagonal,
octagonal, or any other cross-sectional shape. The cross-sectional shape may be the same for the
body, sapport, and base, or may vary. Some embodiments may select a shape to maximize
volume of ligquid that can be held in the pathways for a specific pathway width and/or height.
Some may have one of the pathways with ane cross-sectional shape while another pathway has a
different cross-sectional shape.  In one embodiment, the cross-sectional shape of the pathway
can help maximize volume therein, but optionally, it cen also optimize the capillary pulling
forces on the blood. This will allow for maximized rate of filling. It should be understood that in
some embodiments, the cross-sectional shape of the pathway can divectly affoct the capillary
forces. By way of non-limiting example, a volume of sample can be contained in s shallow but
wide pathway, or a rounded pathway, both containing the same volume, but one might be
desirable over the other for filling speed, less possibility of air entrapment, or factors related the
performance of the pathway,

1001561  Although the pathways may have any shape or size, some embodiments are

configured such that the pathway oxhibits a capillary action when in contact with sample fluid.
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In some instances, the pathway may have a cross-sectional arca of less than or equal to abowut 10
mn?, 7 mo?, 5 mm?, 4 mod?, 3 mod, 2.5 mm?, 2 mm?, 1.5 nun?, T mm?, 0.8 mm?, 0.5 mm?, 0.3
muny?, or 0.1 mm? The cross-sectional size may remain the same or may vary along the length.
Some embodiments may tailor for greater force along e certain length and then less in a different
length. The cross-sectional shape may remain the same or may vary along the length. Some
pathways are straight in configuration. Some embodiments may have curved or other shaped
path shapes alone or in combination with siraight portions. Some may have different
crientations within the device body. For example, when the device is held substantially
horizontally, one or more pathways may slope downward, slope upward, or not slope at alf as it
carries fluid away from the initial collection point on the device.

[60157]  Insome embodiments the inner surface of the pathway and/or other surfaces
aloeg the fluid pathway such as but not limited to the sample inlet to the interior of a sample
coflection vessel may be coated with a surfactant and/or an anti-coagulant solution. The
surfactant provides a wettable surface to the hydrophobic layers of the fluidic device and
facilitate filling of the metering pathway with the liquid sample, e.g., blood. The anti-coagulant
solution helps prevent the sample, e.g., blood, from clotting when provided to the fluidic device.
Exemplary surfactants that can be used include without limitation, Tween, TWEEN®2(,
Thesit®, sodiom deoxycholate, Triton, Triton®X-100, Plaronic and/or other non-hemolytic
detergents that provide the proper wetting characieristics of & surfactant. EDTA and heparin are
non-fimiting anti-coagulants that can be used. In one non-limiting example, the embodiment the
solgtion comprises 2% Tween, 25 mg/mL EDTA in 50% Methanol/50% H20, which is thes air
dried. A methanol/water mixtore provides a means of dissolving the EDTA and Tween, and also
dries quickly from the surface of the plastic. The solution can be applied to the pathway or other
surfaces along the fluid flow pathway by any technique that will ensure an even film over the
surfaces to be coated, such as, e.g., pipetting, spraving, printing, or wicking.

[001381 It should also be understood for any of the embodiments hercin that a coating in
the pathway may extend along the entire path of the pathway, Optionally, the coating may cover
a majority but not all of the pathway. Optionally, some embodiments may not cover the pathway
in the areas nearest the entry opening fo minimize the risk of cross-contamination, wherein
coating material from one pathway migrates into nearby pathways by way of the pathways all
heing in contact with the target sample fluid at the same time and thus having a connecting fluid
pathway.

(01591 Although embediments herein are shown with two separate pathways in the

sample collection device, it should be understood that some cmbodiments may use more than
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two scparate pathways. Optionally, some embodiments may use less than two fully separate
pathways. Seme embodiments may only use one separate pathway. Optionally, some
embodiments may use an inverted Y-pathway that starts initially as one pathway and then splits
into two or more pathways. Any of these concepts may be adapted for use with other
embodiments described herein.

00160  Optionally, one or more of the pathways may be coated with a material to be
incorporated into the sample. Optionally, it is desirable to fill the separator as quickly as
possible relative o the other pathway in order to allow for maximum pre-filtration via the
pasgive mechanisms described above. Thus, in one embaodiment, one of the pathways fills first
before the unfilteved/separated pathway fills. Tn one embodiment, the sample volume in one
pathway is groater than the sample velame in the other pathway. In one embodiment, the sample
volume in one pathway is greater by 1x than the sample volume in the other pathway.

08161} Optionally, 2 cap (not shown for ecase of illustration) may attach to the collection
device using any tochnique known or later developed in the avt. For instance, the cap may be
snap fit, twist on, friction-fit, clamp on, have magnetic portions, tie in, utilize elastic portions,
and/or may removably connect to the collection device body. The cap may form a fluid-tight
seal with the collection device body. The cap may be formed from an opaque, transparent, or
transhucent matertal.

001621  Optionally, the collection device body of the sample collection and scparation
device may be formed in whole or in part from an optically transmissive material, By way of
non-limiting example, the collection device body may be formed from a transparent or
translucent matertal such as bat not hmited to Poly(methyl methacrylate) (PMMA), Polyethyleone
terephthalate (PET), Polycthylene Terephtalate Glycol-modified (PETG or PET-(), or the like.
Optionally, only select potions of the body are transparent or translucent to visualize the fluid
cotlection channel(s). Optionally, the body comprises an opaque material but an opening and/or
a window can be formed in the body to show fill levels thercin. The collection device body may
cnable a user to view the chanoels within and/or passing through the device body. The channels
may be formed of a transparent ot translucent material that may permit a user to sce whether
sample has traveled through the chanmels. The channels may have substantiaily the same length.
In some instances a support may be formed of an opacue material, a transparent material, or a
transiucent material. The support may or may not have the same optical characteristics of the
colfection device body. The support may be formed from a different material as the collection

device body, or from the same material as the collection device body.

40



©A 02941009 2016~08~26

WO 2015/134809 PCT/US2015/019060

F00163] The collection device body may have any shape or size. In some oxamples, the
coliection device body may have a cireular, elliptical, triangular, quadrilateral (.., square,
rectangular, trapezoidal), pentagonal, hexagonal, octagonal, or any other cross-sectional shape.
The cross-sectional shape may remain the same or may vary along the length of the collection
device body. In some instances, the collection device body may have a cross-sectional area of
less than or equal to about 10 cm?, 7 em?, 5 cm?, 4 em?, 3 cm?, 2.5 cm?, 2 end?, 1.5 end?, 1 emd?,
0.8 cm?, 0.5 em?, 0.3 em?, or 0.1 cm®. The cross-sectional area may vary or may remain the
same along the length of the cellection deviee body 120. The collection device body may have a
length of less than or equal to about 20 cm, 15 om, 12 om, 10 om, 9 cm, 8 cmy, 7 cm, 6 cin, 5 cm,
dom, 3 em, 2 om, | om, .5 om, or 0.1 e, The collection device body may have a greater or
lesser length than the cap, support or base, or an equal length to the cap, support, or base.  There
may be variations and alternatives to the embodiments described herein,

F03164] Referring now to Figure 61, a still further embodiment of a samiple collection and
samplo separation device will now be deseribed. This embodiment shows a cartridge 1400 with
a sample eollection and sample separation device 1402 integrated therein having one or two
pathways 700 and 702. 1t should be understood that the device 1402 may be integrally formed
with the cartridge. Optionally, it may be a separate unit that this is removable from the cartridge.
Optionally, it may be a separate unit that this is added to the cartridge after sample has been
collected from the subject. Optionally, it may be a separate unit that this is added and/or attached
to the cartridge and sample is collected from the subject afier the unit it added and/or attached to
the cartridge.

§80165] e this non-limiting example, there is a collection location 1322 and one or more
sample openings 1325and 1329 where sample collection at location 1322 can then be accessed
such as but not limited to handling by a pipette tip {not shown). The sample from droplet D will
travel along pathway 1326 as indicated by arrow towards the openings 1325 and {329, where the
sample in the opening and any in the pathways 1324 and/or 1326 lcading towards their
respective openings 1325 and 1329 are drawn into & sample handling syster such as but not
timited to a pipette P. In some embodiments, particolarly for the pathway 702 with separation
member and the distributor channel 500, a vacuum or suction by the sample handling device can
be wsed to fully draw sample though the separator 720 and complete the separation process. As
indicated by arrows near the pipette P, the pipetic P is movable in at least one axis to enable
transport of sumple floid to the desired location(s). Although only a single pipette P is shown in
Figure 61 for case of illustration, it should be understood that other embodiments may use 2

plurality of pipettes io cngage one or morg items associated with the cartridge. In this
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embodiment, the cartridge 1400 can have a plurality of holding containers 1410 for reagents,
wash fluids, mixing area, incubation arcas, or the like. Optionally, some embodiments of the
cartridge 1400 may not include any holding containers or optionally, only one or two types of
holding containers. Optionally, in some embodiments, the holding containers may be pipette
tips. Cptionally, in some embodiments, the holding containers are pipette tips that are treated to
comtain reagent(s) on the tip surface (typically the interior tip surface although other surfaces are
not excluded), Optionally, some embodiments of the cartridge 1400 may inclode only the
saraple collection dovice 1402 without the tissue penetrating member or vice versa. A suitable
device for use with cartridge can be found in U.S, Pat, App. Ser. No, 13/769,798, filed Febroary
18, 2013. K vhouold be understood that some embodiments may be configured to have only one
of the above pathways in the sample collection and/or sample separation device. Some may
have more than two of the pathways. Some may have more than one separator per pathway.,
Some may have multiple pathways cach with one or more separators.  Some embodiments may
use the sample handling device such as but not limited to the pipette P to draw samiple towards or
onto the separator and then use the pipette to draw sample out of the underside or other side of
the processor after the sample has been or has begun to be separated.

[00166] Tt should be understood that other cartridge configuration are not excluded. Some
embodiments may directly incorporate the separator and/or disteibutor and/or collector into and
integrated as part of the cartridge body.

601671  Refering now to Figure 62, a perspective view is shown of a still further
embodiment showing a device such as a fluid circuit portion 800 with extraction ports 802 and
804. The embodiment of Figure 62 uses a single inlet 806 to direct portions of the sample to two
different pathways, wherein at least one portion passes through a formed component separation
meniber,

[80168] Referring now to Figure 63, a perspective view is shown of a still further
embodiment showing a device with fluidic circuit portion 800, a housing portion 822, and a
sample container unit 824, As scen in Figure 63, this non-limiting sample shows housing portion
822 eoupling the fhuidic circuit portion 800 with the sample container unit 824. The housing
portion 822 allows for the sample containgr unit 824 to be coupled to the same fluidic circuit
portion 800 but still have the sample container unit 824 movable between a first position (as
shown in Figure 63) and a sccond position.

(001691  In one embodiment, an inlet port centered along a mid-line of the fluidic circuit
with an entry point on to the formed component separation member that is off-center relative 10

the midline of the formed component separation member.
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001763 I one embodiment, a vent chanaoel of a curved configuration is coupled to a vent
channe! with a carved portion and an intersection lnear (bent or straight) portion. The vents, in
this non-limiting example are collection features that are on the side of the separation member
were floid, bui not formed components, can exit the membrane. In on embodiment, a vent
channel has a linear (beat or straight) portion coupled to a distribution portion, wherein the linear
portion is closer t0 an external vent and distribution portion is closer to the separator.

(001713 Referring now to Figures 64 to 67, various embodiments of the cross-sectional
shapes of the capillary structare. Figore 64 shows structures with sharp corners 890 while Figure
65 shows an embodiment with radii or rounded corners 892,

[001721  As more clearly seen in the non-limiting example of Figure 67A, tangency and
curvature of the rounded corners 892 may provide continuous liquid contact to assist with fluid
flow out of a separation member such as but not limited to a membrane and into an opposing
portion of the flurd circuit such as but not limited to the capillary flow structure. Tt should be
understoed that the round corners 892 ¢reates at least one transition region §94 which can assist
drawing or leaching of fluid from one region towards the fluid collection structores in the device.
In some embodiments, this drawing or leaching of fluid out of the separation member can be
desirable. By comtrast, the embodiments with a sharp corner 890 which opens directly the
capillary stroctore with a transition region diminishes the assistance that may come from have
the closely spaced arca associated with the tangency and curvatare provided by rounded corners
892. Optionally as scen in Figure 67B, some erobodiments may have a sharp corner 896 but
further inchude at least one transition region that may provide continuous liquid contact to assist
with fhid flow out of the separation member. Optionally, some embodiments may bave at least
one increased width region between the capillary structure 898 and the transition region 894,

1001731 Optionally in one non-limiting example, the capillary structure may be formed of
or have a surface treated to create a8 hydrophilic fluidic structure. In one non-limiting example,
the structure can be made of a hydrophilic material such as but not limited Polyethylene
terephthafate glycol-modificd (PET-G) which has a small wetting angle and is a hydrophilic
material which can draw fluid toward the back side of the membrane. Optionally, some
embodiments may use cellulose acetate, celhilose acetate butyrate, or other suitable material.

[00174) Plasma collection vent: more plasma without hemolysis; distributors also are;
capillary structures on the back side membrane. The other vent (blood side / distributor vents) is
shown on the top side of the separation device that coupled to vent 915, Alternate plasima
extraction methods are provided wherein different motive force, other than vacuum in a

comiainer, are used to draw fhuid away from the scparation membrane. In one embediment, let
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flow control features may be ssed in the sample container to control the rate and/or amount of
motive force applied to filtered sample and/or sample about 1o be filtered. Tt should be
understood that hemolysis will corrupt the sample for many assays and is thus generally
undesirable. Optionally, some embodiments may go without a dual channel inlet and use a
single channel. Some embodiments may have an opening over the membrane, instead of at one
end.

[80175] Optionally, this embodiment can have a passive, always open vent instead of a
valve,

001761  Optionally, some alternate extraction methods may include: providing a much
higher extraction vacuam {crimp opening to meter pull forces, wherein the erimp results ina 5 to
10 micron wide opening in the tube, almost a cold weld when cuotting so as to form a flow
regulator). It should be understood that high vacuum in the container or from was another source
was high enough to collect a desived Haquid volume, but the imitial spike from the high vacoum
will cause excess pull on the form components that creates hemolysis when the sample is a blood
sample. In one embodiment, there is at least 70% of theoretical fluid recovery. In one
embodiment, there s at least 80% of theoretical fluid recovery. In one embodiment, there is at
least 90% of theoretical fluid recovery.

100177 For the final steps, the amount of friction can provide sufficient mechanical
resistance from rapidly pushing sample vessel rapidly into the holder, The friction can be from
the plunger, an external guide, and/or other component to provide a controlled movement
between a first position and a second position. Other mechanical mechanism can be vsed to
regulate speed that the user poshes it on. On the non-separator side, i one non-limiting
example, there is no plunger. One embodiment may use deflected point needle that is anti-coring
and also provides a side opening needle tip. In onc-nonlimiting example, the anti-coring is
desirable to prevent coring of the i, which may introdoce undesirable frit parts info the sample.
The needle pierces through the frit. Tt should be understood that the frit is sized to cover orat
least substantially cover the opening of the needle pointed tip opening.

F051781 i this non-limiting example, the phusger may have a harder portion in the center
while a circamferential portion is sofier for liquid seal performance.

(901791 Optionally, the capillary channels with fluid therein can also settle a bit before
heing engaged 1o be extracted. This delayed fill of the non-separator side cnsures that the
separator side has filled and had some settling time before being engaged to the sample
collection unit for fluid transfer into the sample collection unit, In one embodiment, 80

microliters of whole blood resulis in 16 to 20 microlitess of plasma.
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F00186] Referring now to Figure 68, a cross-sectional view is shown of one non-limiting
gxample wherein an inket ¢hannel 808 is shown penetrating one non-limiting example of a
sample container unit 824, As seen in Figure 68, the movement of the plunger 828 of the sample
container unit 824 can be used to create a motive foree such as but not limited to at least a partial
vacoun: to draw liquid from the channel 808 into the sample container unit 824. In this non-
limiting example, as the plunger is displaced as shown by arrow 831 in Figure 68, this increascs
the interior volume 829 of the sample container unit 824 between the cap portion 832, Tt should
be understood that, in one non-limiting example, there may be ne sample in the sample container
unit 824 until the motive force is provided to overcome any inherent capillary force of the
channel 808 which brings the sample fluld into but not ont a needle end 834 of the channel 808,
In one non-limiting example, extracting fluid from the chamnmel 808 may mvolve using one or
more additional motive forces. It should be understood that this configured described herein
may be similar to a reverse plunger. Optionally, some embodiments may use a conventional
plunger, in place of or in ¢ombination with the stractares herein, 10 provide motive force to draw
sample into the sample container,

FB0181) Figure 68 also shows that, in at least one embodiment, the channe] 808 may have
a pointed distal end 834, Still further embodiments may have the channel 808 be of 2 non-coring
design so as not 1o introduce any cored portion or debris of the cap 832 into the collected fluid.
Regardless of whether a non-coring, conventional, or other shaped channcl 808, it should be
understood that some embodiments of plunger 828 may have a hardened core portion 838 that
can withstand foree input from the channel 808. As seen in Figure 68, at least some
embodiments will have a comphant material between the hardened core portion ¥38 and the side
walls of the sample container so as to provide at least a sufficient fluid seal as the plunger 828 is
moved from at least a first position to af least a second position.

(601823 Referring now to the non-limiting examples of Figures 69 and 70, nlet design of
inlet 806 may include flow guide structures 910 and 912 such as one or more small capillary
chanuels in the sides of the inlet 806 encourage flow to enter pathway leading to the separation
member, rather than the pathway without the separation member. As seen in Figure 73, the flow
guide stroctures 910 and 912 are located as positions along the inlet 806 that have surfaces that
extend toward the separation component 920, In one non-limiting example, the fluid guide
structutes 910 and 912 are not along the bottorn surface of the inlet, which may be where the
other channel connects to the inlet. Tn one non-limiting example, the fluid goide stractures 910
and 912 are not positionad along a surface of the inlet where the other channel connects to the

infet. Although Figure 69 shows that the inlet 806 bas at least two flow guide structures 918 and
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912, it should be undersiood that some embodiments may only have a single flow guide
structure. Optionally, some embodiments may have more than two flow guide structures,
Optionally, some embodiments may have a single structure at the inlet 806 but forks into two or
more stroctores as the fluid flows deeper into the inlet. Optionally, some embodiments may have
a plurality of fluid guide structures wherein at loast two of the structures merge together so that
there are fower guide structures as the fluid flow deeper into the structure. It should be
understood that some embodiments may take a phawality of guide stroctures and merge them all
into one guide structure.

1001831 Figure 71shows a still further embodiment wherein at least one stop structure 930
such as but not Hmited to a frit 1s included on at least one of the extraction channels 808, In the
non-timiting example of Figure 71, the stop stracture 930 is included on the channel 808 coupled
to the non-separation member pathway, which may flow more freely and thus have a different
flow resistance than the other pathway which passes through the separation member. Venting of
the non-separation member pathway channet allows filling via capillary flow. In this
embodiment, the channel 808 is vented through a pointed end of a needle, wherein an air porous
frit such as but not limited 1o one of Porex or similar porous material, is coupled to a tip of
needle, still allowing air through, but with more resistance. Tn this manner, filling on the non-
separation member pathway side is slowed down so that separation member pathway can il
first. Other techniques for slowing flow along one pathway are not cxcluded and may be uscd
alone or in combination with the stop structure 930 discussed herein. Figure 71 also shows that
in this embodiment, a combined vent 915 can be used {0 provide a vent path for the various vents
assoctated with the sample distributor over the floid entry surface of the separation member.

601847  Faurthermore, fill metering can be done using an indicator 950 (sec Figure 73} on
the non-separation member pathway, because due to its lagging indicator quality due to a slower
fill, if a filf tevel is reached on the non-separation member pathway, due to the slower, fill a user
cant safely conclude that the other pathway has already completed iis fill process due to the
slower fill in the non-separation member pathway. Figure 73 also shows that there are at least
two fluid flow paths within the device as indicated by arvows 951 and 953. Figure 73 also shows
that there may be guide 955, such as but not limited a guide member in a slot, that may act as a
visual indicator that the movement of the sample collection unit 824 is complete and may
optionally provide sufficient resistance to encourage a controfled rate of movement of the
colfection unit 824 o that the flow will be sufficient to minimize hemolysis of formed

components in the sample,
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F03185] Referring now to Figure 72A, it should also be understood that structures without
a penetration tip, such a pipette tip, can also be adapted for use with certain embodiments of the
sample container. Figure 72A also shows that in at least some embodiments, the plunger 828 is
only in one vessel and not in all of the vessels defined by the sample container unit. Figure 72A
inay also be shown with the top plug 832 removed to allow for sample extraction using a pipette
tip that is shaped to reach a bottom interior portion of the vessel being emptied.

[80186] Referring now to the non-limiting example of Figure 72B, the various initial
positions are shown for a stop structare 930 on the channel 808 and that non-coring tip of the
channel 808 has engaged a plug 832 of the container unit 824,

j001871  Referring now to Figure 74, this non-limiting example shows a sample container
pmit 8§24 with one sample container sized larger to accommodate a pressure drop vohume, that is
the volume to which air on the plasma side of the formed member separation membrane
(including inside the sample container unit) expands due to the pressure drop across the
membrane.

[oo188]  Figure 75 shows a side view of the device wherein the sample flow pathway
indicated by arrow 1010 shows that sample enters at an angle, flows along one plane, dowaward
to a different plane and is drawn laterally out at the lower plane. Movement of the sample
collection unit 824 is indicated by arrow 1020, wherein in this embodiment, movement of the
sample collection unit 824 provides motive force to draw sample substantially froe of formed
components into the sample cotlection unit. Although many of the embodiments shown herein
use linear movement of the sample collection unit 824, it should be understood that embodiments
using rotary motion to provide the motive force or rotary motion translated iato linear motion to
provide the desired movement to draw sample into the sample container.

1001891 Some cmbodiments of the collection unit may have a cross-sectional shape with
an asynumetry, a profrasion, or other feature that serves as a keying featre for orienting the SCU
in any receiving device or structure.

001961  While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitations, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention, For example, with any of the
above embodiments, it should be understood that some embodiments may handie other types of
samples and necessarily biological samples.  Although many iHustrations are shown with only &
single inlet port, it should be vaderstood that some embodiments may have at least two inlet

ports. In soms embodiments, both inlet ports are on the same end of the device. Optionally,
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some embodiments may have inlet ports on the samc surface of the device. Optionally, at least
the two inlets are adjacent 1o each other. Optionally, there are at least three inlet ports.
Optionally, at least two inlet ports are each defined by at least one capillary tube. In this
embodiment where each inlet bas its own capillary tube, at least one tube directs fluid to a non-
separation pathway while 4 second tube directs fluid to a separation pathway. Optionally, some
embodiments may combine inlets formed by capillary tubes with inlet(s) associated with a non-
capillary pathwayv. Some embodiments may have the inlet along a centerline axis of the device,
Optionally, some embodiments may have the inlet aligned off the centerline. Optionally, some
embodiments may orient the inlet to be along or parallel to the axis of the centerline of the
device. Optionally, some embodiments may orient the inlet along an axis that is at an angle to
the plane of the device. Optionally, instead of having the inlet at one end of the separation
device, it should be understood that some embodiments may have the inlet directly over at Ieast
one portion of the separation device.  In this manner, the opening may direct fluid onto the
membrane with a minimal amount of travel in a lateral tube or pathway.

joo1e1]  Optionally, some embodiments may be configured with a co-axial design such as
shown in Figure 76. One ombodiment may have sample enter along an inner lumen for an
inside-out type filtration as indicated by arrow 1010, Optionally, some embodinients may use an
outside-in type filtration if the separation membrane is located in the inper lumen and sample
fluid cnters from a surface opening (shown in phantom) as indicated by arrow 1012 or from an
inlet on one god of the device.

F00192] Optionally as seen in Figure 77 A, some embodiments may have a portion 800
such as the fhud circuit portion that inchides the separation member fhaudly coupled to a second
portion 1040. Optionally, it may be configured not to include the non-separation pathway.
Optionally, it may be configured to include the non-separation pathway, Some embodiments
may have this combination of portion 800 with portion 1040 in a test strip configuration.  Some
embodiments may have this combination of portion 800 with portion 1040 in a lateral flow
device configuration. Some crobodiments may have a wndbody structure or other merged
stracture that is formed to provide sapport to both portions 800 and 1040, Motive foree can be
provided to move the sample as indicated by arrow 1030 which flow out or the fluid eircuit of
portion 800 and that the fluid portion of the sample, substantially free of the formed components,
can enter a second region 1040 which may be but is not limited to an analytical region. Tn some
embodiments, the second region 1040 also provides a motive force such as but not limited to

wicking force associated with such material in at least a portion of the second region 1040,

48



©A 02941009 2016~08~26

WO 2015/134809 PCT/US2015/019060

(00193 Figure 77B shows a still further ombodiment wherein the sample collection
device has a plurality of tissue penetrating mermber or members 1292 mounted to an actuation
mechanisin 1293, In one embodiment, the tissue penctrating members 1292 are microneedles.
In one embodiment, the tissue penstrating member 1292 comprises & lancet. In one embodiment,
the actuation mechanism 1293 can be a spring-like device in a dome, curved, or other shape. In
some embodiments, the dome shape can also provide a certain suction force to draw sample
upward from the collection site. Although a mechanical actuation method is shown, it should be
understood that other types of actuation techaiques such as but not limited to electromechanical,
pneumatic, mechanical cam, or other techuigue known or developed in the future may be used
for actuation. It should also be understood that some embodiments may use a tissue nterface
(shown in phantom) to facilitate interaction with the tissue. Figure 778 shows that the sample
obtained from a wound or wounds created by tissue penctrating members 1292 may flow
through channel(s), capillary tube(s), or other pathways as indicated by arcow 1295 to a channel
1299 or other inlet to a separation device. In one embodiment, the channel 1299 may be coated
with at least one anticoagulant. Optionally, some embodiments may have two channels 1269
that may draw sample along two pathways, wherein each channel may have the same, or
optionally different, coatings on the surface of the channels 1299, Optionally, some
embodiments may have surfaces of the device uncoated but instead have the additive material in
the container 1297,

[60194]  Assecen in Figure 778, the sample may flow to a location such as but not Hmited
to a chamber (shown in phantom), one end of the channel 1299 or other location wherein a
condutt suck as pathway 1301 or 1303 (shown in phantom) may be used to fluidically couple the
sample collected in channel 1299 to transfer the sample container 1296 or 1297. Motive force
can be provided to move the sample as indicated by arrow 1030 along a borizontal path over the
separator, a path from the plane of above the separator fo a plane below the separator, and then
laterally towards at least one sample container. In this non-limiting example, the pathway is a
zig-zag path from one side of the separator fo the other side which carrigs the Hquid portion to an
infermediate chamber or divectly to one or more containers. As described, the container may be
one with a sub atmospheric condition therein (prior to being fluidically engaged to the fhiid
pathway), one with a reverse syringe design as found in U.8, Provisional Application Ser. No,
62/051,906 filed Sept. 17, 2014, a container may be one that is un-pressurized, without a
movable plunger but with a septa cap, or other suitable container for sample as currently known

or may be developed in the future,
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[00195] Tt should be understood that some embodiments may have containers 1296 in both
focations as shown in Figure 778 or only at one but not the other. Optionally, some may have
muktiple containers at one location and none or fewer containers at the other location,
Optionally, some of these may be unitized so that maltiple vessels are integrally formed or
otherwise joined together. As seen in Figure 778, the container 1296 may be actuated by sliding
the contatner 1296 to contact the pathway 1301 in 4 manner that allows sub-atmospheric
environment inside the container 1296 to draw sample thevein. Optionally, other actuation
methods such as but not Emiied to using a valve, breaking a seal, or the like can be used to
activate sample transfer from the device to the container 1296. Some embodiments may keep
the channel 1299 in one horizontal plane or may optionally have portions in one plane and
portions in another plane. Optionally, instead of or in combination with capillary action from
channel 1299 for drawing sample therein from the wound site, a suction or other sample pulling
device can be used to draw sample into the channel 1299, The embodiment of Figure 778 may
optionally be modified o locate the entry port of channel 1299 closer to the wound site such as
but not limited a channel extension 1305, forming the channel closer to the wound site, or
positioning or orienting the tissue penetration members to form a wound closer to the inlet of
channel 1299. It should be understood that devices herein may be configured to include features
from U.S, Provisional Application Ser. No. 62/051,906 filed Sept. 17,2014,

1t should be undersicod that devices in U.S. Provisional
Application Ser. No. 62/051,906 filed Sept. 17, 2014, may be configured to include a formed
component separation apparatus as deseribed in this application.

[80196] Figure 77B also shows a stilf further embodiment using container 1297 having a
reverse-syringe design is used.  As seen herein, the movement of engaging the container 1297
with pathway 1301 or 1303 can be used to push the plunger 2828 to create a reduced pressure
environment that draws sample into the container 1297, 1t should be imderstood that some
embodiments may have containers 1297 in both locations as shown in Figure 778 or only at one
but not the other. Optionally, some may have multiple containers at one location and none or
fewer containers at the other location. Optionally, some of these may be unitized so that
muitiple vessels are integrally formed or otherwise joined together. Optionally, some
embodiments may have one type of container 1296 at one location and a different type of
container 1297 at a different location shown in Figure 77B. Optonally, some may have at least
two different types of container at one location. Referring still 1o Figure 778, some

embodiments may use a push element 1307 that provide a cap or other seal that when moved as
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indicated over feature 1305 will cause a pressurized air bolus to push sample in the channel 1299
outward into the contatners 1297 that may be attached to 1301 or 1303,

(001971  Optionally, it should be understood that some embodiments may have at least one
formed component separation pathway for use in a non-diagnostic device, By way of non-
limiting example, the device may be for sample collection, where no diagnosis occur on the
device, Optionally, it should be understood that some embodiments may have at least one
formed component separation pathway and at least one non-separation pathway for ase in a non-
diagnostic device. Optionally, it should be understood that some embodiments may bave at least
two formed componend separation pathway and at least one non-separation pathway for uge in a
non-diangnostic device. Optionally, it should be understood that some embodiments may have at
least one formed component separation pathway and at least two non-separation pathways, all
for use in & non-diagnostic device. Of course, some alternative embodiments may have one or
more pathways for use for diagnosis. Optionally, some embodiments may use this type of
separation device with tateral flow strip wherein the fluid, after formed component separation,
may be moved such as but not limited to wicking or other capillary flow onto a second region
such as but not Hmited to an analvte-detecting region on a device such as but not Himited to a tost
strip for analysis.

00198} QOptionally, some embodiments may provide a vibration motion source, such as
but not Hmited 1o one built info the device and/or in an external device use to process the sample
container, o assist in fluid flow within deviee, during the collection, or post-coliection, Some
embodiments may use this vibration to assist flow or to remove any air pockets that may be
created, soch as but not Hmited to when doing a top-down il Optionally, some embediments
may provide more periodic or pulse type force to assist in fluid flow.

10019917 It should be understood that although many components herein are shown to be in
alignment in the same plane or parallel planes, some embodiments may be configured to have
one or more compongat in a plane angled to or orthogonal to a plane of the fluid collection
cirenit in portion 800, The fluid collection cireuit in portion 800 does not need 10 be a flat
planar device and may be in a curved configuration. Optionally, some embodiments may have it
a cone configuration. Optionally, some embodiments may have it device with a polygonal
cross-sectional shape, As seen, the fluid collection circuit in portion 800 is not limited to a
planar shape.

00208 Tt should also be understood that in many embodiments, the portion 800 may be
made of a transparent material. Optionally, the portion 800 may be made of a translucent

material. Optionally, portions of the portion 800 may be covered with paint or other opaque
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material, be formed of an opague material, or the Hke such that only portions that may contain
fluid are ransparent or franslucent so as to provide an indicator of fill level. Such an
embodiment may have all or only a portion of the fluidpath visible to the user. In one non-
Himiting example, bar codes, color-coding, visoal information, instructions, instroctions for use,
fill-indicator, advertising, child-appealing acsthetics, texturing, texturing for grip purpose,
texturing for contour, texturing to provide feedback such as orientation of the front of the device,
or other coating may be used hereon,

[00:01] Optionally, some embodiments may include an intermediary siructure botween
the fluid circuit in portion 800 and the sample collection unit 824, This intermediary structure
can be in the fluid pathway and provide certain function such as but not limited to introducing 3
material into the collected fluid such as but not limited to anti-coagulant. Optionally, the
intermediary structure in the fluid path may provide another route, such as switch or connection
pathway, to add additional sample or other liguid material into the collected fluid,

(90202  Optionally, some cnmbodiments may have disposable portion(s) and reusable
portions, wherein the rensable portions can be mated with the disposable portion(s) to form
another colection device. By way of non-limiting example, a reusable portion may be one that
does not directly contact the sample fluid or filtered fluid.

00203} Although embodiments herein show the separation member as part of a handheld
device, it should be undersiood that other embodiments may incorporate the device as part of o
non-handheld benchtop device, a non-portable device, or the like and the disclosures hercin are
not limited to handheld or disposable units. Some embodiments may also include features for
collection sample from a plarality of sample processing devices. In this manner, an ncreased
amount of filicred sample can be collected, simply by using more devices for use with more
samples which in one embodiment may all be from one subject. Optienally, samples n multiple
devices may be from multiple subjects.

[60204] As used herein, the terms “substantial” means more than a minimal or
insignificant amount; and “substantially” means more than a minimally or insignificemtly. Thus,
for example, the phrage "substantially different”; as used herein, denotes a sufficiently high
degree of difference between two numeric values such that one of skill in the art would consider
the differgnce between the two values to be of statistical significance within the context of the
characteristic measured by said values. Thus, the difference between two values that arc
substantiaily different from sach other is typically greater than about 10%, and may be greater
than about 20%, preferably greater than about 30%, preferably greater than about 40%,

preferably greater than about 50% as a function of the reference value or comparator value.
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802051  As used herein, a Vsurfactant” is a comapound effective to reduce the surface
tension of a liquid, such as water. A surfactant is typically an amphiphilic compound, possessing
both hydrophilic and hydrophobic properties, and may be effective to aid in the solubilization of
other compounds. A surfactant may be, e.g., a hydrophilic surfactant, a lipophilic surfactant, or
other compound, or mixtures thereof. Some surfactants comprise salts of long-chain aliphatic
bases or acids, or hydrophilic moietics such as sugars, Surfactants include anionic, cationic,
zwitterionic, and non-ionic compounds (where the term "non-iondc” refers to a molecule that
does not ionize in solution, Le., is "ionically”™ inert). For example, surfactants uscful o the
reagents, assays, methods, kits, and for uge in the devices and systems disclosed herein include,

0

for example, Tergitol™ nonjonic surfactants and Dowfax™ anionic surfactants (Dow Chemical
Company, Midland, Michigan 48642}; polysorbates (polyoxyethylenesorbitans), e.g.,
polysorbate 20, polysorbate 80, e.g., sold as TWEEN® surfactants (ICI Americas, New Jersey,
(08807); poloxamers (e.g., ethylene oxide/propylene oxide block copolymers) such as Pluronics®
compounds (BASF, Florham Park, N.I); polyvethylene glyeols and derivatives thereof, including
Triton™ surfactants (e.g., Triton™ X-100; Dow Chemical Company, Midland, Michigan 48642)
and other polyethylene glyeols, including PEG-10) laurate, PEG-12 laurate, PEG-20 laurate,
PEG-312 laurate, PEG-32 dilaurate, PEG-12 oleate, PEG-15 oleate, PEG-20 oleate, PEG-20
dioteate, PEG-32 oleate, PEG-200 oleate, PEG-400 oleate, PEG-15 stearate, PEG-32 distearate,
PEG-40 sicarate, PEG-100 stcarate, PEG-20 dilaurate, PEG-25 glyceryl triolecate, PEG-32
dioteate, PEG-20 glyceryl luurate, PEG-30 glyceryl laurate, PEG-20 glyceryl stearate, PEG-20
glyceryl oleate, PEG-30 glyceryl oleate, PEG-30 glyceryl laurate, PEG-40 glyceryl lavrate, PEG-
40 pabm kernel oil, PEG-S0 hydrogenated castor oil, PEG-40 castor oil, PEG-3S5 castor oil, PEG-
60 castor oil, PEG-40 hydrogenated castor oif, PEG-60 hydrogenated castor oil, PEG-60 corn oil,
PEG-6 caprate/caprylate glycerides, PEG-8 caprate/caprylate glycerides, polyglyceryl-10 laurate,
PEG-30 cholesterol, PEG-25 phyto sterol, PEG-30 sova sterol, PEG-20 trioleate, PEG-40
sotbitan oleate, PE(-80 sorbitan laurate, polysorbate 20, polysorbate 80, POE-9 lauryl cther,
POE-23 lauryl ether, POE-10 oleyl ether, POE-20 oleyl ether, POE-20 stearyl ether, tocopheryl
PEG-100 succinate, PEG-24 cholesterol, polvglyceryl-10oleate, sucrose monostearate, sucrose
monolaurate, sucrose moncepakmitate, PEG 10-100 nonyl phenol series, PEG 15-100 votyl phenol
series, and poloxamers; polyoxyalkylene alkyl ethers such as polyethylene glycol alkyl ethers;
polyoxyalkylene alkylphenols such as polyethylene glycol alkyl phenols; polyoxyalkylene alkyl
phenol fatty acid esters such as polyethylene glycol fatty acids monoesters and polyethylene
glyeol fatty acids diesters; polyethylene glycol giveerol fatty acid esters; polyglycerol fatty acid

csters; polyoxyalkylene sorbitan fatty acid esters such as polyethylene glycol sorbitan fatty acid
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¢sters; phosphocholines, such as n-dodecylphosphocholineg, (DDPO); sodium dodecyl sulfate
{SDS); n-lauryl sarcosine; n-dodecyl-N,N-dimethylamine-N-oxide (LLADO); n-dodecyl-f-D-
maltoside (DDM}; decyl maltoside (DM), n-dodecyl-N,N-dimethylamine N-oxide (LADO); n-
decyl-N N-dimethylamine-N-oxide, 1.2-diheptanoyl-sn-glycero-3-phosphocholine (BHPC); 1,2-
ditavroyl-sn-glycero-3-phosphocholine (DLPC); Z-methacryloyloxyethyl phosphoryicholine
(MPC); 1-oleoyt-2-hydroxy-sn-glycero-3-[phospho-RAC-{1-glycerol)] (LOPC); 1-palmitoyl-2-
hydroxy-sn-glveerc-3-[phospho-BAC-{ 1-glycerol}] (LLPQG); 3-I(3-cholamidopropyl)
dimethylammonio]- | -propanesulfonate (CHAPS); 8-Octyi-WN N-dimethyl-3-ammonio- -
propancsutfonate; n-Decy-N,N-dimethyl-3-ammonio- | -propanesulfonate; n-Dodecyl-N,N-
dimethy-3-ammonic- 1-propanesulfonate; n-Hexadecyl-N,N-dimethyl-3-ammonio-1-
propanesuifonate; Tetradecanoylamidopropyl-dimethylammonio-propanesulfonate;
Hexadedecanoylamidopropyl-dimethylammonio-propanesul fonate; 4-n-Octylbenzoyiamido-
propy -dimethylammonio Sulfobetaine; a Poly(maleic anhydride-alt-1-tetradecenc), 3-
(dimethylamine)-1-propylamine derivative; a nonyl phenoxylpolycthoxylethanol (NP4Q)
surfactant; alkylammonium salts; fusidic acid salts; fatty acid derivatives of amino acids,
oligopeptides, and polypepiides; glveeride derivatives of amino acids, oligopeptides, and
polvpeptides; lecithing and hydrogenated lecithing, including lectihin, fysolecithin,
phosphatidylcholine, phosphatidylsthanolamine, phosphatidylglycerol, phosphatidic acid,
phosphatidylscring; tysolecithins and hydrogenated lysolecithing; phosphoelipids and derivatives
thereof; lysophospholipids and derivatives thereof, including lysophosphatidyicholine,
lysophosphatidylethanclamine, lysophosphatidylglycerol, lysophosphatidic acid,
iysophosphatidyiserine, PEG-phosphatidylethanolamine, PVP-phosphatidy lethanolamine;
carnitine fatty acid cster salts; salts of alkylsulfates; fatty acid salts; sodium docusate; acyl
lactylates; mono- and di-acetylated tartaric acid esters of mono- and di-glveerides; succinyiated
mono- and di-glycerides; ciiric acid esters of mono- and di-glyeerides; lactylic esters of fatty
acids, stearoyl-2-lactylate, stearoyl lactylate, succinylated monoglycerides, mono/diacetylaied
tartaric acid esters of mono/diglyeerides, citric acid esters of mono/diglyoerides, cholylsarcosine,
caproate, caprylate, caprate, laurate, myristate, pahmitate, oleate, ricinoleate, linoleate, Hinolenate,
stearate, laory] sulfate, teraceeyl sulfate, docusate, lauroyl carnitines, palmitoyl carmitines,
myristoyl carnitines, and salts and mixtures thereof, alkyimaltosides; alkylthioglucosides; lanryl
macrogolglycerides; hydrophilic transesterification products of a polyol with at least one
menber of the group consisting of glycerides, vegetable oils, hydrogenated vegetable oily, fatty
acids, and sterols; polyoxyethylene sterols, derivatives, and analogues thereof; polyoxyethylated

vitamins and destvaiives thereof; polyoxyethylene-polyoxypropylene block copolymers; and
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mixtures thoreof; fatty alcohols; glycero! fatty acid esters; acetylated glycerol fatty acid csters;
lower alcohol fatty acids esters; propylene glycol fatty acid esters; sorbitan fatty acid esters;
polyethylene glycol sorbitan fatty acid esters; sterols and stero] derivatives; polyoxyethylated
sterols and sterol devivatives; polyethylene glycol alkyl ethers; sugar esters: sugar ethers; lactic
acid derivatives of mono- and di-glycerides; hydrophobic transesterification preducis of a polyol
with at Jeast one member of the group consisting of glycerides, vegetable oils, bydrogenated
vegetable oils, fatty acids and sterols; oil-soluble vitamins/vitamin derivatives; and combinations

thereof.

[00206]  Referring now to Figure 78, one embadiment of a filtering device such as but not
hmited 1o a bodily fluid separation material 3100 will now be described.  Figure 78 shows a side
cross-sectional view of the separation material 3100, showing cross-sections of the structures
3102 of the separstion material. By way of non-limiting example, the separation material 3100
may be a size-exclusion barrier such as but not fimited to 2 porous membrane with size-exclusion
properties. Other embodiments may use other types of size-exclusion barrier(s). In one
embodiment deseribed herein, the structures 3102 are fibers in the separation material with their
cross-sectional views shown in Figare 78, Optionally, the stroctures 3102 are mesh portions of
the separation material. Optionally, the stractures 3102 are pore walls or pore-defining
structures of the separation material, Optionally, the structures 3102 may be a percolating
network of conneeted fibers, elongate members, or the like. Some embodiments may combine
one or more of the foregoing to form the separation material. Although the descriptions herein
are written in the context of a separation material, other filter materials or structures in sheet-like
or other shapes are not excluded material. Figure 78 shows that for the present embodiment,
formed components 3106 such as but not limited to red blood eells, white blood cells, platelet, or
other formed componems of the bodily fluid can enter the separation material 3100 in a variety
of directions, inclading from a top-down manner, and will continuc to pass through the
separation material until the component reaches a size-constrained area where the spacing
becomes too small for the formed component 3 106 to proceed any fiurther. Tn this embodiment,
gperating under the primciple of size exclusion, the formed component 3106 will then be
constrained in the separation material 3100 while liquid portions and/or those components not
size excluded can continue 10 pass through the separation material. In one non-limiting example,
arrows 3104 show movement of formed components through the separation material 3100 of
Figure 78. Other movement, sach as but not limited to lateral, side-ways, and/or diagonal

movement, is not excluded,
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1902071 Referring still fo the embodiment of Figure 78, the dotted line 3120 shows that in
this embodiment, there are a1 least two regions 3122 and 3124 for the separation material 3100,
It should be understood that other embodiments can have even more regions. In this current
embodiment, the region 3122 comprises a formed component capture region. In some specific
embodiments as will be discussed in more detail below, it may be an anti-hemolytic, formed
component capture region, By way non-limiting example, the region 3124 comprises a pass-
through region that has structural elements spaced closely enough that formed components of the
bodily fluid sample cannot completely pass through that region 3124, Tn at least some
embodiments, the sizing and/or spacing of elements is selected such that the size-restriction
technique of separation material components prevents the formed components from continuing
through the separation material. This filters out the formed components from the liguid
components of the bodily fluid.

FO02081 In one embodiment, because region 3122 can be configured to be a formed
component capture region, structures in the region 3122 will have more potential divect contact
with the formed components 3106 and be in contact with them for a longer period of time,
relative to structures in the second region 3124, Due at feast in part to the greater direct contact
physically and temporally, it may be desirable in it at least some embodiments deseribed herein
to freat the structares 3102 of the region 3122 to minimize undesirable breakdown, spoilage, or
other detrimental cffect that may result from the formed componcents being captured in the region
3122, In one non-luniting example, the structures 3102 may be coated with an anti-hemolytic
soating fo prevent breakdown of red blood cell when the bodily fluid being processed is blood.
One embodiment of an anti-hemolytic coating may be an NTA ceating. Optionally, other anti-
hemolytic treatments in kayer or other form may use material such as but not limited to n-Octyl-
p-D-Glucopyranoside (00), cell lipid bilayer intercalating matexial, phosphate ester containing
at least two ester nkages comprising fatty hvdrocarbon groups, ri-2-ethythexylphosphate, di-2-
cthythexyiphthalate, dioctylterophithalate, anti-hemolytic surfactant(s), a surfactant such as but
not limited to polysorbate 80 mixed with any of the foregeing, and/or other asti-herelytic
material. Other anti-hemolytic material used with embodiments herein inclodes but is not
limited to one or more of the following: anti-coagolants, proteins (such as but not Hmited to
BSA, HSA, Heparin, Casein, etc.), surfactanis (such as but not limited to Tween, Silwet, SDS,
ete.}, sugars {(such as but not imited 1o sucrose, trealose, etc.), and/or the like.

002091  In one embodiment, the region 3124 may be configured 0 be a liquid pass-
through region positioned after the bodily fluid has passed through region 3122, Although

Figure 78 tllustrates region 3124 io be next to region 3122, it should be understood that
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embodiments having intermediate region(s) and/or space between the regions are not excluded,
By way of non-limiting exampte, the pass-through region 3124 moay be configured not have
divect contact with the formed components. Optionally, only structures 3108 defining part of the
upper portion of the region 3124 may be in contact with any formed components 3106,
Optionally, only structures 3108 defining part of the wpper surface of the region 3124 may be in
comtact with any formed components 3106. In one embodiment, the region 3124 may be have a
selected stracture size, spacing, and/or other property that prevents formed components 3106
from passing through the region 3124 so as to enable a size rostriction filtering technique for
removing formed components from the bodily sample.

00218 In at least some embodiments, because the formed components are not in divect
contact with the region 3124 or arc only in minimal contact with region 3124, the separation
material of region 3124 may not be coated with the material used in the region 3122, Optionally,
region 3124 may be selective coated with the materials used in region 31272 in a manner such as
but not limited to only those portions that might still be in contact with formed components may
be coated, which others portions of region 3122 are uncoated. Optionally, at least some
embodiments may bave some or all of region 3124 coated with a material different from that of
the region 3122, Optionally, at least some embodiments may have some or all of region 3124
covered with the material of region 3122 and then adding a second layer of the second material
over the material of region 3122, Tn onc non-limiting cxample, this second material may be
selected to prevent the first material leaching or otherwise entering the bodily fluid when the
liquid passes through the region 3124, In at least some embodiments, the portions of region
3124 covered with the material of region 3122 is covered with the second material while other
arcas of region 3124 are substantially or at least partially uncovered by either material. By way
of example and not limitation, some embodiments may use Heparin and/or other anti-coagulant
as the material for the second layer. Optionally, the material for the second layer may be a
material that is already in the bodily fluid sample. By way of non-limiting example, the material
may be EDTA if the bodily fluid sample has already been or will be treated with EDTA,
Optionally, for the scecond layer, some embodiments may use inert materials alone or in
combination with any of the other materials listed herein,

[00211]  Referring now to Figore 79, a still further embodiment will now be described.
This cmbodiment shows a fisst separation material 3200 and a second separation material 3210,
Although only two separation materials are shown, it should be understood that other
embodiments having additional separation materials above, between, and/or below the separation

materials shown in Figure 79 are not excloded. 14 should also be understood that one or more of
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the separation materials 3200 and 3214 can, within the separation materials themselves, cach
have additional regions therein for different properties.

002121 As seen in the embodiment of Figure 79, the separation material 200 fumctions as
a capture region similar to the capture region 3122 of the embodiment of Figawe 78. In the
current emabodiment, the separation material 3210 functions as a pass-through region similar to
region 3124 of the embodiment of Figure 78,

§602131 Referring now to Figore 80, this embodiment shows a tri-layer filter assembly
with a first layer 3300, a second layer 3310, and a third layer 3320, For case of illustration, the
layers are shown to be similar in thickness, but configurations where all three are of different
thicknesses, or only are of different thicknesses are not excluded. Embodiments with additional
layers arg also not excluded. Layers can also be formed of different maiterials.

00214} 1t should be understood that any of the layers 3300, 3310, or 3320 can be
configured as a capture region, a pass-through region, or neither.  In one non-limiting exanaple,
at least the upper two layers 3300 and 3310 are capture regions. They can have similar capture
capabilities, or optionally, one can be configared to be preferential capture of components while
the other layer bas preferential capture of components in a different size and/or shape regime.

In another non-limiting example, at least the upper two layers 3300 and 3310 are captures
regions, but only one of them is coated with a material to prevent degradation of the formed
component(s). Optionally, both of ther are coated with a material to provent degradation of the
formed component(s). Another embodiment may have two layers such ag layers 3310 and 3320
that are both configured as pass-throogh layers. In one embodiment, neither of the layers 3310
or 3320 have structures that are coated with a watertal {0 prevent degradation of the formed
component(s). Optionally, at least one of the layers 3310 or 3320 has structures that are coated
with a material to prevent degradation of the formed component(s). Optionally, some
embodiments have both of the layers 3310 or 3320 have structuwes that are coated with a material

to prevent degradation of the formed componenti(s).

Separation Material Treatment

(002151 By way of example and not limitation, in order to be able to use separation
materials for producing plasma suitable for a greater range of assays, several separation material
treatment methods have been identified. Some of these techniques may involve treatment of
separation materials after they are formed. Some of the techniques may involve forming the

separation materials in a way that does not involve additional treatment after separation material
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formation. Optionally, some techniques may use both separation material formation and post-
formation treatment to create a desired configuration,

H00216] 1. Separation material wash: In one embodiment described herein, by controlled
washing of the coated plasma separation material by water and/or boffer solutions, most of the
hemolysis-preventing ageitts can be removed. Figure &1 shows that a washing mechanism, such
as but not limited to a nozzle 3400 directing washing fluid (as indicated by the arrows) towards
the target separation material 3402, can be used to reduce at least some of the coating off of the
sgparation material. This can create a preferential change in the amount of coating in selected
arcas of the separation material, One example may show removal or at least reduction of coating
on one side of the separation material. Optionally, some may direct the wash fluid 1o wash
coating off of an interior region of the separation material. Other configurations where portions
of coating are removed from other select areas are not excluded.

062171 In one embodiment described herein, a carefully controlied washing is desirable
80 as to not completely remove the hemolysis preventing agent — which would result in
hemolysis. In contrast, insufficient wash will result in sufficient amount of the hemolysis
preventing agent leaching into the plasma and causing hemolysis. Thus, in one non-limiting
example, a reduced amount of coating, or coating in interior portions of the separation material
can be acceptable. Optionally, as seen in Figure 82, some embodiments may also use a bath
3410 of wash fluid that preferentially removes coating material from certain arcas of the
separation material. Optionally, spray washing and bath soaking, or vice versa, may be
sombined for wse on a separation material.  This processing may oceur sequentially or
simultanecusly.

[00218] 2. Custom separation material coating: In another embodiment described herein,
both coated and wacoated versions of the plasma separation material can be coated using a
custom formulation which is compatible with assay chemistries. The costing may contein one or
more of the following: proteins, surfactants, sugars, organic and inorganic salts, anti-coagulants,
¢te. In one non-firniting example, the coating could be applicd to an initially un-coated
separation material to prevent hemolysis. Optionally, an initially coated separation materiat may
be further coated to prevent assay interfering substances from leaching into the bodily fluid from
the separation material,

[p0219] 3. Charge Neutralization: In one embodiment described herein, separation
material surface charge can be neutralized to prevent retention of small, oppositely charged ions,
For example, the separation material with NTA coating has a negatively-charged surface, which

can be neutralized o prevent retention of positively charged Cat+ ions. Optionally, if a coating
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has a positively-charged surface and is in tern atiracting negatively charged ions in a detrimental
manner, the member will be treated to neutralize the undesired charge condition,

002261 4. Other techniques and/or materials may also be used 1o create a filter such as a
separation material that has anti-hemolytic qualities on the captore surfaces of the filter and non-
leaching qualities on other surfaces of the filter. Some embodiments may combine one or more
of the foregoing technigues on a separation material. By way of non-limiting example, one
embodiment mav have coated and uncoated regions on a separation material along with having

been treated to achiove charge newtralization before, during, and/er after coating.

Examples:

[60221)  Using a dynamic wash technique, asymmetric membranes were washed with high
performance liquid chromatography (HPLC) grade water and then tested. In one non-limiting
example, the membrane has a pore volume of 2uL per 10mm” of membrane. The pore loading is
defined as the vatio of the total volume of blood to the pore volume, For a blood volume of
40uL with membrane surface area of 100mm?, this corresponds to a pore loading of 2X. The
wash procedurs comprised pre-mounting membrane v a fixture for filtration. In this particular
example, about 600 ul. of water is directed through the membrane and then the water is
discarded. This wash process of directing water through the membrane was repeated, which in
this particular cxamplc, involved repeating the wash five (5) tinwes. Afier washing, the
membranes are allowed to dry. Filtration of the dynamically washed membranes were then
tested.

602221 Washing by way of soaking (“static wash™} rather than the flow-through
technique (“dynamic wash™} can create differences in the performance of the resulting
membrang, In at least some static washed membranes, anti-hemolytic is preferentially romoved
from the large pore region. In at least some dynamic wash membranes, anti-hemolytic is
preferentially removed from the small pore region. This asymmetry in coating material may be
desirable when the formed blood components contact the membrane where the pores are larger
while only plasma contacts the smallest pores. Hemolysis prevention happens only in the
regions where RBCs can enter or be contacted (1.e. the large pore region). It is not possible to
hemolyze plasma and thus coating the small pore region with anti-hemolytic does not resulf in
noticeable performance benefit. As noted herein, the excess anti-hemolytic may have adverse
impact on assay results for the assays sensitive t0 excess anti-hemolytic coating.

002234 In static wash, diffusion dominates removal of aati-hemolytic. In some

cmbodiments of the membrane, large pores may be ~50X bigger than small pores. Mass
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diffusion raie 1s proportional to cross sectional flow arca. Thus diffusion rate of anti-hemolytic
away from membrane on large pove side may be ~2500X greater than on small pore side. Thus,
without being bound to any particular theory, total removal should be much greater on large pore
side, where the RBCs contact the membrane.

602241  In dynamic wash, shear dominates removal of anti-homolytic. Shear increases
dramaticaily with decreasing diameter. Without being bound to any particular theory, total
removal should be greater in small pore regions, where shear is most significast.

[00225] In yet another embodiment, the coating on the membrane can be a material that
provides a negative charge, Without being bound to any particular theory, a negative charge
repels formed blood component that have a negative polarity, and thereby reduces mechanical
trapma inflicted on such formed blood components via contact with the membrane during
filirgtion, Some embodiments may use formulations with negatively charged substances to coat
all or optionally selective areas on the membrane. One embodiment may use casein 0.5%,
Tween 20 1.35%, sucrose 5%, 15 minute soak time, Optionally, one embodiment may use Li-
Heparin 50mg/mL, sucrose 5%. Optionally, one embodiment may use Li-Heparin 50mg/mL,
Tween 80 1.35%, sucrose 5%. Optionally, one embodiment may use Casein 1.0%, Tween 20
2.70%, sucrose 5%. Optionally, one embodiment may use Li-Heparin 100 mg/ml., Tween 20

2.776%, sucrose 5%.

Sample Processing
F00226] Referring now to Figure 83, one embodiment of bodily fluid sample collection
and transport system will now be deseribed. Figure &3 shows a bodily fluid sample B on 3 skin
surface 3 of the subject. In the non-limiting example of Figure 83, the bodily fluid sample B can
be collected by one of a variety of devices. By way of non-limiting example, collection device
1530 may be but is not limited to those described herein. 1n the present embodiment, the bodily
fluid sample B is collected by one or more capillary channels and then directed into sample
vessels 1540, The sample B forms through 8 wound that may be formed on the subject. This
may be by way of fingerstick or wound created at other alternate sites on the body. By way of
non-limiting example, a lancet, a needle, other penetrating device, or other technigue may be
used to release the bodily fluid sample from the subject. By way of non-limiting example, at
feast one of the sample vessels 1540 may have an intevior that is initially under a partial vacuam
that 1s used to draw bodily fluid sample into the sample vesse! 1540, Some embodiments may

simultanecusly draw sample from the sample colleetion device into the sample vessels 1540
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frorn the same or different colfection channels in the sample collection device. Optionally, some
embodiments may simultancous draw saiuple into the sample vessels.

002271 o the present embodiment after the bodily fluid sample is nside the sample
vessels 1540, the sample vessels 1540 in their holder 1542 (or optionally, removed from their
holder 1542) may placed in the sample verification device or directly into a storage device m a
temperature controlled environment. In the present embodiment after the sample verification is
completed, the sample vessels 1540 in their holder 1542 {or optionally, removed from their
holder 1542) are loaded into the transport container 1500. In one non-limiting example, one of
the sample vessels 1540 may contain only fiquid portions of the sample (no formed blood
components) which the other may contain sample with both liguid portion and formed
component portion. In another non-limiting example, at least two of the sample vessels 1540
may contain only liquid portions of the sample (no formed blood components).

F005228] Jn this embodiment, there may be one or more slots sized for the sample vessel
holder 1542 or slots for the sample vessels in the transport container 1500, By way of non-
limiting example, they may hold the sample vessels in an arrayed configuration and oriented to
be vertical or some other pre-determined orientation. 1t should be understood that some
embodiments of the sample vessels 1540 are configured so that they hold different amount of
sample in each of the vessels. By way of non-limiting example, this can be controlled based on
the amount of vacuum force in cach of the sample vesscls, the amount of samplc collected in the
sample collection channel(s) of the collection device, and/or other factors, Optionally, different
pre-treatments such as but not fimited to different anti-coagulants or the like can also be present
in the sample vessels.

[60229]  As scen in Figure 83, the samplo vessels 1540 are collecting sample at a first
location such as but not limited to a sample collection site. By way of non-limiting example, the
bodily fiuid samples are then transported in the transport container 1500 to a second location
such as but not limited to an analysis site. The method of transpost may be by courier, postal
delivery, or other shipping technique. In many cmbodiments, the transport may be implemented
by having a vet another container that holds the transport eontainer therein. In one embodiment,
the sample collection site may be a point-of-care. Optionally, the sample collection site is a
point-of-service, Optionally, the sample collection site is remote from the sample analysis gite,

[00238]  Although the present embodiment of Figure 83 shows the collection of bodily
fluid sample from a surface of the subject, other alternative embodiments may use collection
techniques for collecting sample from other areas of the sabject, such as by venipunctare, to fill

the sample vessel(s) 1540, Such other collection techniques are not excluded for use as
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alternative to or in conjumetion with sorface collection. Surface collection may be on exterior
surfaces of the subject. Optionally, some embodiments may collect from accessible surfaces on
the interior of the subject. Presence of bodily fluid sample B on these surfaces may be naturally
occurring or may oceur through wound creation or other technigues to make the bodily fluid
surface accessible.

002317 While the teachings has been described and illustrated with reference to cortain
particular embodiments thereof, those skifled in the art will appreciate that various adaptations,
changoes, modifications, substitotions, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention. For example, with any of the
above embodiments, it should be understood that the fluid sample may be whole blood, diluted
bleod, interstitial fluid, sample collected directly from the patient, sample that is on a surface,
sample after some pre-treatment, or the like. Although the embodiments herein are described in
the context of an andi-hemolytic coating, it should be understood thut these embodiments may
also be configured for use with other types of coatings, including but not limited to other
coatings which may undesirably mix into the bodily fluid upon prolonged fluid exposure. Other
material used with embodiments herein may include but is not fimited to one or more of the
following: anti-coagulants, proteins (BSA, HSA, Heparin, Casein, etc.), surfactants (Tween,
Silwet, SDS, ete.}, sugars (sucrose, trealose, etc.). It should be understood that in some
cmbodiments, coatings of onc or more of the following may be used to coat portions of fluid
pathways of the device, only the channels of the disiributor, only the non-channel portions of the
distributor, sample collection areas, sample distributor area(s), chanvels, tubes, chambers, or
vther features of the device with: anfi-hemolytic, anti-coagulants, proteins (BSA, HSA, Heparin,
Casein, etc.), surfactants (Tween, Silwet, SDS, cte.}, sugars (sucrose, trealoge, etc.), or other
coatings.

[8o232;  Alkhough the embodiments herein are described in the context of capturing
formed components such as blood cells or platelets, it should be understood that these
embodiments can also be adapted for use with fluid containing other solid, semi-solid, or formed
components or particles. Although the embodiments herein are described in the context of
separation material, it should be anderstood that these embodiments can also be adapted for use
other filter materials such as meshes, porous layers, or other layer like materials or structures,

[602331  In one embodiment described herein, a bodily floid separation material is
provided conmprising a formed component capture region and a bodily fluid pass-through region,
The pass-through region has structures with a reduced liquid leaching quality relative to than the

capture region, wherein during separation material use, bodily floid cnters the capture reogion
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prior to entoring the pass-through region. Optionally, g bodily fluid pass-throngh region has a
reduced amount of liquid leaching material relative to than the capture region.

002341 In another embodiment described herein, a bodily fluid separation material is
provided comprising an anti-hemolytic and formed component capture region; and a bodily fluid
pass-through region having less anti-hemolytic material than the captore region, wherein during
scparation material use, bodily fluid enters the capture region prior to entering the pass-through
region.

(00235] I yot embodiment described heroin, a bodily fluid separation material is provided
comprising a fivst filter region of the separation material having an anti-hemolytic coating and
mesh spacing sized to constrain formed blood compornents therein; a second filter region of the
separation material having mesh spacing smaller than mesh spacing of the first filter region and
configured to have an amount of anti-hemolytic coating less than that of the first region,

002361 In a still further embodiment described hersin, a bodily fluid separation material
is provided comprising a percolating network of structures wherein a first region of the
percolating network with an anti-hemolytic coating on stractures in the region, said stroctures
sized and spaced 10 allow formed bload components to enter the first region but constraining
blood components therein from passing completely through the first region; and a second region
of the percolating network with a reduced anti-hemolytic coating on steuctures sized and spaced
to prevent formed blood compencats from entering the second region, wherein bodily fluid
passes through the first region prior to reaching the second region,

002371 It should be understood that embodiments herein may be adapted to include one
or more of the following features. For example, the separation material may be an asymmetric
separation material. Optionally, the anti-hemolytic material on the separation material
comprises single and/or double alky! chain N-oxides of tertiary amines (NTA), Optionally, the
first region comprises a first separation material laver and the second region comprises a second
separation material layer. Optionally, the separation material comprises a first separation
material coupled 1o a second separation material, Optionally, the separation material comprises
at least two separate separation materials. Optionally, there may be at least another region of the
separation material between the first region and the second region. Optionally, the first region of
the separation material may be in fluid communication with the second region. Optionally, the
first region may be spaced apart from the second region.

002381  In yet another embodiment described herein, a method is provided for forming a
bodily fluid separation material. The method comprises coating the separation material with an

anti-hemolytic coating on a first region and a sccond region of the separation material; reducing
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anti-hemolytic effect of the second region of the separation maierial relative to the first region,
wherein when the separaiion material is in operation, bodily fluid passes through the first region
prior to reaching the second region,

(602391 T should be understood that embodiments herein may be adapted to include one
or more of the following features, For example, the method may include reducing the anti-
hemolytic ¢ffect by washing off at least a portion of the anti-heraolytic coating on the second
region. Optionally, washing off comprises directing solvent through the separation material.
Optionally, washing off comprises soaking only a portion of the separation material in a solvent,
Optionally, reducing the anti-hemolytic effect comprises adding another coating of a different
material over the anti-hemolytic coating on the second region. Optionally, reducing the anti-
hemolytic effect comprises treating the separation material o bring its electrical charge state fo a
neutral state and thus reduce the atiraction of ions that increase the anti-hemolytic effect.

002491  In yet another embodiment described herein, 2 method is provided for forming a
bodily fluid separation material. The method comprises eoating at least a first region of the
separation material with an anti-hemolytic coating; not coating at least second region of the
separation material with the anti-hemolytic coating. Optionally, some embodimenis have a
bitayer structure based on a substantially even coating of anti-hemolytic material, but instead has
a region of substantially greater pore size than another region. Although the material may be
asymmetric, 1t is a not a linear gradient, but instead has a rapid change in pore size at an
inflection point when pore size is graphed in dopth from top of the layer to bottom of the layer.

0241 Additionally, concentrations, amounts, and other numerical data may be presented
herein in a range format. It is to be understood that such range format is used merely for
convenience and brevity and should be interpreted flexibly to include not only the numerical
valtues explicitly recited as the fimits of the range, but also to include all the individual numerical
values or sub-ranges enconmpassed within that range as if each numerical value and sub-range is
explicitly recited. For example, a size range of about 1 nm to about 200 nm should be interpreted
to include not only the explicitly recited limits of about 1 am and about 200 nm, bt also to
include individual sizes such as 2 nm, 3 nm, 4 nmy, and sub-ranges such as 18 nm to 50 nm, 20
nm to 1060 nmy, ete....

[#0242)  The publications discussed or cited herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed as an
admission that the present invention is not entitied to antedate such publcation by virtue of prior
invention. Further, the dates of publication provided may be different from the actual publication

dates which may need to be independently confirmed.
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[80243] While preferred embodiments of the present juvention have been shown and
described herein, it will be obvious o those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions will now occur to
those skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be cmployed in practicing
the mvention, Any feature, whether preferred or not, may be combined with any other feature,
whether preferred or not. The appended claims are not 1o be interpreted as including means-
plus-function limitations, unless such a limitation is explicitly recited in a given clatm vsing the
phrase "means for." It should be understood that as used in the description herein and
throughout the claime that follow, the meaning of "a," "an," and "the" includes plural reference
unless the context clearly dictates otherwise. For example, a reference to "an assay” may refer to
a single assay or multiple assays. Also, as used in the description herein and throughout the
claims that follow, the meaning of "in” includes "in® and "on" unless the context clearty dictates
utherwise. Finally, as used in the description herein and throughout the claims that follow, the
meaning of "or” includes both the conjunctive and disjunctive unless the context expressly

1,

dictates otherwise. Thus, the term "or" includes "and/or” unless the context expressly dictates

otherwise.
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WHAT IS CLAIMED IS:

1. A device for use with a sample having a suspension of formed components, the device
comprising:

at least one sample inlet for receiving said sample with the formed components;

at least one outlet configured for outputting substantially only a liquid portion of the sample; and

a separation material positioned along at least a first pathway between the sample inlet and a first
outlet wherein said separation material is configured to remove formed components from the
sample prior to outputting the liquid portion at the first outlet;

a distributor positioned with the separation material to define an interface that provides for
propagating the sample laterally within the separation material and propagating sample in the
distributor over the separation material;

a collector on another side of the separation material comprising a plurality of capillary channels to
draw said liquid portion through the separation material; and

a vent fluidically coupled to the collector to allow said capillary channels to draw said liquid portion
through the separation material.

2. The device of claim 1 wherein the sample inlet is configured to collect sample formed on a
surface of a subject.

3. The device any one of claims 1-2 further comprising at least a second outlet.
4. The device of any one of claims 1-3 wherein the separation material and the distributor are
configured to have an interface that provides a multi-mode sample propagation pattern wherein at
least a first portion is propagating laterally within the separation material and a second portion is
propagating through the channels of the distributor over the separation material.

5. The device of any one of claims 1-4 wherein there is at least 50 mm? surface area of separation
material per 30 uL of sample to filter.

6. The device of any one of claims 1-5 wherein there is at least 60 mm? surface area of separation
material per 30 uL of sample to filter.

7. The device of any one of claims 1-6 wherein there is at least 70 mm? surface area of separation
material per 30 uL of sample to filter.

8. The device of any one of claims 1-7 wherein the inlet directs the sample to primarily contact a
planar portion of separation material surface, and not a lateral edge of the separation material.

9. The device of any one of claims 1-8 wherein the amount of time for sample to fill the first
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pathway and reach the first outlet is substantially equal to the time for sample to fill a second
pathway and reach a second outlet.

10. The device of any one of claims 1-9 wherein the first pathway comprises a portion configured
in a distributed pattern of channels over the filtration material to preferentially direct the sample
over the surface of the separation material in a pre-determined configuration.

11. The device of any one of claims 1-10 wherein at least a portion of the separation material is
coupled to a vent which contacts the membrane in a manner that the vent is only accessible
fluidically by passing through the separation material.

12. The device of any one of claims 1-11 further comprising containers with interiors under
vacuum pressure that draw sample therein.

13. The device of any one of claims 1-12 wherein the separation material is held in the device
under compression.

14. The device of any one of claims 1-13 wherein the separation material comprises an
asymmetric porous membrane.

15. The device of any one of claims 1-14 wherein separation material is a mesh.

16. The device of any one of claims 1-15 wherein at least a portion of the separation material
comprises a polyethersulfone.

17. The device of any one of claims 1-16 wherein at least a portion of the separation material
comprises an asymmetric polyethersulfone.

18. The device of any one of claims 1-17 wherein at least a portion of the separation material
comprises polyarylethersulfone.

19. The device of any one of claims 1-18 wherein at least a portion of the separation material
comprises an asymmetric polyarylethersulfone.

20. The device of any one of claims 1-19 wherein at least a portion of the separation material
comprises a polysulfone.

21. The device of any one of claims 1-20 wherein the separation material comprises an
asymmetric polysulfone.

22. The device of any one of claims 1-21 wherein the separation material comprises a
polysulfone membrane.

23. The device of any one of claims 1-22 wherein the channels have a cross-sectional shape
characterized by a greater width than height.

24. The device of any one of claims 1-23 wherein the channels are distributed in a pattern where at

least some of the channels intersect other channels to form a grid pattern.
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