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SYSTEMS, DEVICES, AND METHODS FOR BODILY FLUID SAMPLE
COLLECTION, TRANSPORT, AND HANDLING

BACKGROUND

[0001] A blood sample for use 1n laboratory testing 1s often obtained by way of
venipuncture, which typically involves inserting a hypodermic needle into a vein on the subject.
Blood extracted by the hypodermic needle may be drawn directly into a syringe or into one or
more sealed vials for subsequent processing. When a venipuncture may be difficult or
impractical such as on a newborn infant, a non-venous puncture such as a heel stick or other
alternate site puncture may be used to extract a blood sample for testing. After the blood sample
1s collected, the extracted sample 1s typically packaged and transferred to a processing center for
analysis.

[0002] Unfortunately, conventional sample collection and testing techniques of bodily
fluid samples have drawbacks. For instance, except for the most basic tests, blood tests that are
currently available typically require 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
yield the blood volumes needed for conventional testing methodologies. In some cases, patient
apprehension associated with venipuncture may reduce patient compliance with testing protocol.
Furthermore, the transportation of small volumes of sample fluid, while still maintaining sample

integrity, can be problematic.

SUMMARY

[0003] At least some of disadvantages associated with the prior art are overcome by at
least some or all of the embodiments described 1n this disclosure. Although the embodiments
herein are typically described 1n the context of obtaining a fluid sample such as but not Iimited to
a blood sample, 1t should be understood that the embodiments herein are not limited to blood
samples and can also be adapted to acquire other fluid(s) or bodily sample(s) for analysis.

[0004] In one embodiment described herein, a device 1s provided for collecting a bodily

fluid sample. In embodiments, the bodily fluid may be blood. In embodiments where blood 1s
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collected, this embodiment may be useful for accurately collecting small volumes of bodily fluid
sample that are often associated with non-venous blood draws. In one non-limiting example, the
sample volume 1s about 1 mL or less. Optionally, the sample volume 1s about 900 uL or less.
Optionally, the sample volume 1s about 800 uL or less. Optionally, the sample volume 1s about
700 uL or less. Optionally, the sample volume 1s about 600 uL or less. Optionally, the sample
volume 1s about 500 pL or less. Optionally, the sample volume 1s about 400 puL or less.
Optionally, the sample volume 1s about 300 puL or less. Optionally, the sample volume 1s about
200 uL or less. Optionally, the sample volume 1s about 100 puL or less. Optionally, the sample
volume 1s about 90 uL or less. Optionally, the sample volume 1s about 80 uL or less.
Optionally, the sample volume 1s about 70 uL or less. Optionally, the sample volume 1s about
60 uL or less. Optionally, the sample volume 1s about 50 uL or less.

[0005] In one non-limiting example, this device can be used to split the bodily fluid
sample directly into two or more different portions that are then deposited into their respective
sample vessels. In one non-limiting example, the device comprises a first portion having at least
two sample collection channels configured to draw the fluid sample into the sample collection
channels 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. The sample
collection device includes a second portion comprising a plurality of sample vessels for receiving
the bodily fluid sample collected 1n the sample collection channels, the sample vessels operably
engagable to be 1n fluid communication with the collection channels, whereupon when fluid
communication 1s established, the vessels provide a second motive force different from the first
motive force to move a majority of the bodily fluid sample from the channels into the sample
vessels. The sample vessels may be arranged such that mixing of the fluid sample between the
vessels does not occur. This device may be used to collect blood or other bodily fluid. Blood
collection from veins may be relatively rapid; however, non-venous blood draws may take a
longer period of time to obtain a desired volume of sample and the early introduction of a
material such as an anti-coagulant which may coat the channels, can prevent premature clogging
of the channels during collection.

[0006] In another embodiment described herein, a device 1s provided for collecting a

bodily fluid sample. The device comprises a first portion comprising a plurality of sample
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collection channels, wherein at least two of the channels are configured to simultaneously draw
the fluid sample 1into each of the at least two sample collection channels via a first type of motive
force. The device may also include a second portion comprising a plurality of sample vessels for
recerving the bodily fluid sample collected 1n the sample collection channels, wherein the sample
vessels have a first condition where the sample vessels are not 1n fluid communication with the
sample collection channels, and a second condition where the sample vessels are operably
engagable to be 1n fluid communication with the collection channels, whereupon when fluid
communication 1s established, the sample vessels provide a second motive force different from
the first motive force to move bodily fluid sample from the channels into the sample vessels. In
embodiments, motive force to move a bodily fluid may include motive force derived from
capillary action, from reduced pressure (e.g., vacuum or partial vacuum drawing fluid into a
location having reduced pressure), from increased pressure (e.g., to force a fluid away from a
location having increased pressure), from wicking material, or from other means.

[0007] In a still further embodiment described herein, a method 1s provided comprising
metering a mmimum amount of sample into at least two channels by using a sample collection
device with at least two of the sample collection channels configured to simultaneously draw the
fluid sample 1into 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 1n the collection
channels, fluid communication 1s established between the sample collection channels and the
sample vessels, whereupon the vessels provide a second motive force different from the first
motive force use to collect the samples to move bodily fluid sample from the channels into the
vessels. In some alternative embodiments, devices that use only a single channel to collect the
body fluid or devices that have a plurality of channels but do not collect them simultaneously are
not excluded. Optionally, the collection of sample fluid 1s performed without the use of a
wicking material.

[0008] In one embodiment, there 1s a discrete amount of time between sample collection
and introduction of the sample 1nto a sample pre-processing device. In one non-limiting
example, the process 1s a non-continuous process. The sample collection occurs 1n one
processing station and then the sample 1s taken to a second station. This second station may be
in the sample building. Optionally, the second station may be located at another location where

the sample needs to be walked, driven, flown, conveyor-ed, placed 1n a transport device, or
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placed 1n a transport container to reach the second location. In this manner, there 1s a discrete
break in the processing to allow for time associated with sample transport.

[0009] In another embodiment herein, separator gel(s) can also be included 1n the sample
vessels such that the gels will separate cell-free fractions of whole blood from the cellular or
other solid or semi-solid portions of the sample. Such a gel or other sitmilar separator material
may be included 1n the sample vessel prior to, during, or after sample has been introduced 1nto
the sample vessel. The separator material may have a density between that of the cells and
solution components, so that the material separates the sample components by flowing to a
position between the solution and non-solution sample layers during separation such as by
centrifugation. Following centrifugation, the separator material stops flowing and remain as a
soft barrier between the layers. In some embodiments, the separator material can be further
processed to harden into a more rigid barrier. In on non-limiting example, the separator material
may be a UV-curable material such as but not limited to thixotropic gel of sorbitol-based gelator
in a diacrylate oligomer. The sample vessel may have the entire vessel or optionally, on that
portion with the UV-curable material exposed to UV light for a period of time such as but not
limited to 10 to 30 seconds to harden the material. Such hardening may involve cross-linking of
material in the UV-curable material. Optionally, the UV curable material may be used 1n
conjunction with traditional separator gel material such that only one side (the solution side or
the solid side) 1s 1n contact with the UV cured material. Optionally, the UV cured material may
be used with a third material such that the UV cured material 1s between two separator materials
and 1s not 1n direct contact with the solution and non-solution portions of the sample.

[0010] Samples of bodily fluid may be collected by the devices disclosed and described
herein. Methods of collecting bodily fluid using these devices are disclosed and described herein.
Samples of bodily fluid, e.g., samples that have been collected by the devices and/or methods
disclosed and described herein, may be transported from a sample collection site to one or more
other sites.

[0011] In at least one embodiment described herein, methods are provided for the
physical transport of small volumes of bodily fluid 1in liquid form from one location to another
location. By way of nonlimiting example, the samples are collected in liquid form at a collection
site, transported 1n liquid form, and arrive at an analysis site 1n liquid form. In many

embodiments, the liquid form during transport 1s not held 1n a porous matrix, wicking materal,
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webbing, or stmilar material that would prevent sample from being extracted in liquid form at the
destination site. In one embodiment, small volume of sample 1n each sample vessel 1s 1n the
range of about 1 ml to about S00 microliters. Optionally, small volumes are 1n the range of about
500 microliters to about 250 microliters. Optionally, small volumes are 1n the range of about 250
microliters to about 100 microliters. Optionally, small volumes are 1n the range of about 100
microliters to about 50 microliters. Optionally, small volumes are 1n the range of about 80
microliters to about 40 microliters. Optionally, small volumes are 1n the range of about 40
microliters to about 1 microliter. Optionally, small volumes are 1n the range of about 1

microliter to about 0.3 microliters. Optionally, small volumes are 1n the range of about 0.3
microliters or less.

[0012] As disclosed and described herein, a transport container may include a component
configured to receive and retain a sample vessel. In embodiments, a component configured to
receive and retain a sample vessel may be configured to receive and retain a plurality of sample
vessels. In embodiments, such a component may comprise a flat sheet, such as, e.g., a tray. In
embodiments, such a component (e.g., a flat sheet) may comprise an opening (e.g., a slot,
aperture or receptacle) having an internal surface configured to accept a sample vessel. In
embodiments, a transport container may include a component comprising a plurality of openings
(e.g., slots, apertures or receptacles) each having an internal surface configured to accept a
sample vessel. In embodiments, such an internal surface may be, at least in part, substantially
complementary to the outer surface, or a portion thereof, of a sample vessel.

[0013] In another embodiment described herein, the transport container may provide a
high density of sample vessels per unit area held 1n a fixed manner during transport, but
removable at the destination location. In one non-limiting example, the sample vessels are
positioned 1n an array where there are at least six sample vessels per square inch, when viewing
the array from top down. Optionally, there are at least eight sample vessels per square 1nch,
when viewing the array from top down. Optionally, there are at least ten sample vessels per
square inch, when viewing the array from top down. Any traditional techniques that ship
multiple samples typically use large bags where the sample vessels therein are 1n a loose,
unconstrained manner. In some embodiments, the transport container can hold certain sample
vessels such as those from the same subject, closer together relative to horizontal or other

spacing to adjacent sample vessels so that they can be visually identified as being from a
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common subject. Optionally, the transport container has openings to receive carriers that hold
one or more sample vessels together, wherein those vessels have a common denominator such as
but not limited to being from the same subject.

[0014] In embodiments, the sample vessels are adapted to aid 1n maintaining the samples
in liquid form. In embodiments, the sample 1s treated prior to 1ts arrival 1n a sample vessel 1n a
manner adapted to maintain the sample 1n liquid form. For example, a sample vessel may
include an anti-coagulating agent, or a sample may be treated with an anti-coagulating agent
prior to, or during, transport to or into a sample vessel. In embodiments, an anti-coagulating
agent may be selected from the group consisting of heparin (e.g. lithium heparin or sodium
heparin), ethylenediaminetetraacetic acid, 4-hydroxycoumarins, vitamin K antagonist (VKA)
anticoagulant, an anti-coagulant, or other additive. In addition to the high density per unit area,
some embodiments of the transport container also contain a high diversity of samples, including
those that contain samples from a plurality of different subjects. By way of non-limiting
example, the transport container may have four samples from one subject, two samples from
another subject, and so-on until the majority or all of the available openings 1n the transport
container are filled.

[0015] It should be understood that each of the samples can be destined for individually
selected analysis and at least in one embodiment, are not grouped 1n the transport container based
on tests to be performed. By way of non-limiting example, not all of the samples 1n the transport
container are collected for the same test. A traditional test system may only group together for
transport those samples destined for the exact same test. In at least one of the embodiments
herein, there 1s a diversity of samples, each designated to receive 1ts own set of tests. In such an
embodiment, grouping 1n the transport container 1s not restricted to only those samples targeted
for the same test. This can further simplify sample processing because sample transport does not
need to be further segregated based on tests to be performed. Some embodiments of the
transport container contain samples from at least three or more different patients. Some
embodiments of the transport container contain samples from at least five or more different
patients. Some embodiments of the transport container contain samples from at least ten or more
different patients. Some embodiments of the transport container contain samples from at least

twenty or more different patients.
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[0016] By way of non-limiting example, one embodiment described herein may
optionally use tray(s) that have slots for holding the sample vessels and/or sample vessel holders.
In one embodiment, the tray may also double as a holding device during storage 1n a cooling
chamber while awaiting more samples or transport. In one embodiment, the tray can 1tself also
be cleaned and sterilized, because 1n some embodiments, the tray 1s removable from the transport
container. In some embodiments, the tray 1n the transport container may be held 1n manner
parallel to a cover of the transport container. Optionally, the tray may be held inside the
transport container at an angle to the cover of the transport container. Optionally, the tray 1s
irremovably fixed to the transport container. Optionally, the tray 1s integrally formed with the
transport container 1tself. Optionally, multiple trays of same or different size or configuration
may be placed inside the transport container.

[0017] In yet another embodiment described herein, methods are provided for shipping
small volume sample vessels using a transport container with integrated thermal control unit
and/or material that provides active and/or passive cooling. In one embodiment, the thermal
control material may be but 1s not limited to embedded phase change material (PCM) material
that maintains the temperature at a prior, or desired temperature. By way of non-limiting
example, the phase change material can oppose changes 1n temperature around the critical
temperature where the material would undergo a phase change. If the PCM 1s embedded, the
vessel and the passive cooling element may be one and the same. Optionally, the transport
container may use an active cooling system. Optionally, the transport container may use an
active cooling system to keep and/or extend cooling time associated with a passive cooling
component. In embodiments, a transport container may include material having a high heat
capacity (1.e., high as compared to material such as a plastic or polymeric material), and may
include a mass of such a high heat capacity material effective to maintain at least a portion of the
transport container at or near to a desired temperature for an extended period of time.

[0018] Optionally, the method comprises a single step for transferring multiple sample
vessels from different subjects from a controlled temperature storage area into a transport
container. By way of non-limiting example, this single step can transfer twenty-four or more
sample vessels at one time from a storage location into a fixed position 1n the transport container.
Optionally, this single step can transfer thirty-six or more sample vessels at one time from a

storage location 1nto a fixed position 1n the transport container. Optionally, this single step can
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transfer forty-eight or more sample vessels at one time from a storage location into a fixed
position 1n the transport container. In such embodiments, the tray may be 1nitially 1n a controlled
thermal environment such as but not limited to a refrigerator wherein samples from various
subjects are collected over time until a desired number 1s reached. In one such embodiment, the
tray holding the sample vessel(s) 1n the transport container 1s the same tray holding the sample
vessels 1n the storage area. Optionally, the tray may be the same as the storage holder that 1s
used to hold samples prior to loading into the transport container. Because the same tray which
holds the sample vessels will be used 1n the transport container, there 1s reduced risk that samples
will be lost during this transfer, left out 1n a non-regulated thermal environment, or the like.
Because substantially all sample vessels 1n the tray are accumulated 1n the controlled thermal
storage area and then transferred 1n a single step, the samples all experience substantially the
same thermal exposure while being transferred from the control thermal storage area into the
transport container. Because sample vessels experience substantially the same exposure, there 1s
less variability sample-to-sample due to different exposure times.

[0019] Optionally, the method comprises using an individually addressable sample vessel
configuration. Optionally, groups of sample vessels such as those 1n a common carrier may be
addressed 1n the pre-defined groups. Optionally, even sample vessels 1n a common carrier may
be individually addressed. Although not a requirement for all embodiments herein, this can be of
particular use when loading and/or unloading samples, sample vessels, and/or sample holders
from the tray.

[0020] Some embodiments may use yet another container (an “outerbox’) outside the
transport container to provide further physical protection and/or thermal control capability. One
or more of the transport container can be placed inside the outerbox and the combination may be
shipped from one location to a destination location. By way of non-limiting example, this can be
in the form of a corrugated plastic outerbox, where the outerbox 1s configured to at least partially
encase or enclose a transport container. In embodiments, an outerbox provides thermal insulation
for a transport container enclosed therein. Some embodiments may use closed-cell extruded
polystyrene foam outerbox. Some embodiments of the outerbox may be formed from
thermoformed panels. In some embodiments, an outerbox may have grips, handles, pads, wheels,
latches, stays, and/or other features useful in holding, manipulating, securing, protecting,

transporting, or otherwise controlling the position, orientation, and/or access to the contents of
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the outerbox . Some embodiments of the outerbox may have 1ts own active and/or passive
thermal control unit. In embodiments, an outerbox provides cooling and thermal insulation for
one or more transport containers enclosed therein. One or more embodiments of the outerbox
may be configured to house one or more transport containers. Optionally, this container can also
provide additional thermal control to the transport container by providing a thermally regulated
environment between a desired temperature range to the transport container(s) therein.
Optionally, this temperature range 1s between about 1 to 10°C, optionally 2 to 8°C, or between 2
to 6°C.

[0021] In yet another embodiment described herein, a method 1s provided for thermally
characterizing the transport container after a number of cooling cycles. By way of non-limiting
example, after certain number of cycles, the transport container may be thermally characterized
to ensure that the container 1s continuing to perform within a desired range.

[0022] Some embodiments of the container and/or tray may include a thermal change
indicator. In one non-limiting example, the indicator 1s integrated on a visible surface of the
transport container, tray, and/or on the outerbox. In one non-limiting example, thermochromic
ink may be used as an indicator of thermal change, particularly 1f the thermal change resulted 1n
temperatures outside a desired range. In one embodiment, this indicator may be configured to
have the entire box and/or tray change color. The change can be reversible or irreversible.
Optionally, the indicator 1s positioned to be on only select portions of the transport container
and/or tray, not the entire container or tray.

[0023] In one embodiment described herein, a method 1s provided comprising collecting
a bodily fluid sample on a surface of a subject, wherein collected sample 1s stored 1n one or more
sample vessels; providing a transport container to house at least two or more sample vessels 1n a
first orientation; and arranging to have the sample vessels shipped 1n the transport container from
a first location to a second location, wherein each of the sample vessels arrives at the second
location holding a majority of 1ts bodily fluid sample 1n a non-wicked, non-matrixed form that 1s
removable from the sample vessels 1n liquid form and wherein the amount of sample 1n each of
the sample vessels does not exceed about 2ml. In embodiments, the amount of sample 1n each of
the sample vessels does not exceed about 1 ml, or does not exceed about 500 uL, or does not

exceed about 250 uL, or does not exceed about 100 nL, or does not exceed about 50 uL, or less.
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[0024] In another embodiment described herein, a method 1s provided for shipping a
plurality of sample vessels, the method comprising: providing a container configured to house at
least five or more sample vessels each containing capillary blood; and arranging to have the
sample vessels shipped 1n the transport container from a first location to a second location,
wherein each of the sample vessels arrives holding a majority of 1ts capillary blood 1n a liquid,
non-wicked form that 1s removable from the sample vessels for further processing, and wherein
the amount of capillary blood 1n each of the sample vessels does not exceed about 2ml. In
embodiments, the amount of capillary blood 1n each of the sample vessels does not exceed about
1 ml, or does not exceed about 500 uL, or does not exceed about 250 uL, or does not exceed
about 100 uL, or does not exceed about S0 uL, or less.

[0025] In another embodiment described herein, a method 1s provided for shipping a
plurality of sample vessels for containing biological sample, the method comprising: providing a
container configured to house at least five or more of the sample vessels, wherein the amount of
sample 1n each of the sample vessels does not exceed about 2ml; and shipping the container and
sample vessels from a first location to a second location, wherein each of the sample vessels
arrives at the second location holding a majority of 1ts biological 1n a liquid, non-wicked form
that 1s removable from the sample vessels for further processing. In embodiments, the amount of
sample 1n each of the sample vessels does not exceed about 1 ml, or does not exceed about 500
uL, or does not exceed about 250 uL, or does not exceed about 100 uL, or does not exceed about
50 uL, or less.

[0026] In another embodiment described herein, a method 1s provided for shipping a
plurality of sample vessels containing capillary blood, the method comprising: providing a
container having a thermally-regulated interior region that 1s configured to house at least five or
more sample vessels 1n a controlled configuration such that at least one cooling surface of the
container 1s directed towards the sample vessels and transmits a controlled release of thermal
cooling 1n accordance with a temperature profile that maintains the interior region between about
1 to 10°C during transport and without freezing the blood samples; and shipping the container
from a first location to a second location, wherein each of the sample vessels arrives holding a
majority of 1ts capillary blood 1n a liquid, non-wicked form that 1s removable from the sample

vessels for further processing.
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[0027] In another embodiment described herein, a method 1s provided for shipping a
plurality of blood sample vessels, the method comprising shipping a container having a
thermally-controlled interior that 1s configured to house 10 or more sample vessels 1n an array
configuration, wherein each of the vessels holds a majority of 1ts blood sample 1n a free-flowing,
non-wicked form and wherein there 1s about 1 ml or less of blood 1n each of the vessels and each
of the vessels has an interior with at least a partial vacuum atmosphere; wherein sample vessels
are held 1n the array configuration to position said sample vessels at controlled distance and
orientation from a cooling surface, wherein there 1s at least one preferential thermal pathway
from the surface to the sample vessel.

[0028] In another embodiment described herein, a method 1s provided for shipping a
plurality of sub-1 ml sample vessels, the method comprising mixing sample with anti-coagulant
prior to transferring sample into each of the sample vessels; associating each of the sample
vessels with a subject and a panel of requested sample tests; and shipping a thermally-controlled
container that houses the plurality of sub-1 ml sample vessels 1n an array configuration, wherein
each of the vessels holds a majority of its sample 1n a free-flowing, non-wicked form, wherein
vessels are arranged such that there are at least two vessels 1n each container 1s associated with
each subject, wherein at least a first sample includes a first anticoagulant and a second sample
includes a second anticoagulant in the matrix.

[0029] In another embodiment described herein, a method 1s provided comprising a)
placing said plurality of sample vessels 1n a temperature controlled transport container
comprising a controlled uniform thermal profile, high heat of fusion material configured to be 1n
thermal communication with the sample vessels, wherein the material does not cause freezing of
sample fluid 1n the sample vessels; b) placing said thermal profile transport container in a
product cavity defined by at least top and bottom walls of a transport container; ¢) placing an
active cooling device 1n thermal communication with said cavity whereby said cooling device 1s
adapted to cool said cavity upon activation, said sorption cooling device comprising an absorber
positioned so as to dissipate heat generated 1n said absorber outside of said product cavity; d)
activating said cooling device to initiate cooling of said cavity; e) transporting said transport
container from a first location to a second location; and t) removing said product from said

cavity.
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[0030] In another embodiment described herein, a method of shipping a plurality of sub-
Iml sample vessels 1s provided comprising: shipping a thermally-controlled container that
houses the plurality of sub-1ml sample vessels 1n an array configuration, wherein each of the
vessels holds a majority of 1ts sample 1n a free-flowing, non-wicked form and wherein vessels
are arranged such that there are at least two vessels 1n each container 1s associated with each
subject, wherein at least a first sample includes a first anticoagulant and a second sample
includes a second anticoagulant in the matrix.

[0031] It should be understood that any of the embodiments herein can be adapted to
have one or more of the following features. In one non-limiting example, the bodily fluid sample
1s blood. Optionally, the bodily fluid sample 1s capillary blood. Optionally, collecting the bodily
fluid sample comprises making at least one puncture on the subject to release the bodily fluid,
wherein the puncture 1s not a venipuncture. Optionally, collecting comprises using at least one
microneedle to make at least one puncture on the subject. Optionally, collecting comprises using
at least one lancet to make at least one puncture on the subject.

[0032] Optionally, the puncture may be formed by finger prick. Optionally, the puncture
1s formed by pricking skin on a forearm of the subject. Optionally, the puncture 1s formed by
pricking skin on a limb of the subject. Optionally, the puncture 1s formed by pricking at least
one ear of the subject. Optionally, the surface 1s the skin of the subject. Optionally, other non-
finger alternate sites can be targeted to obtain at least one biological sample from the subject.
Optionally, a solid non-coring penetrating member may be used to release the biological sample
from the subject. Optionally, other embodiments may have a coring device that may be but 1s not
limited to a coring needle or other coring penetrating member to both cause a release of liquid
biological sample and to obtain a non-liquid sample 1n the coring penetrating member, such as
but not limited to a tissue sample. Some embodiments may use at least one coring penetrating
member and at least one non-coring penetrating member. Some embodiments may use a blade
for creating the wound. Some may use a puncture-type motion while others may use a cutting
type motion. Any of these penetrating member(s) may be configured for use for one or more of
the target sites thereon.

[0033] Optionally, the transport container has an interior that 1s mnitially at sub-
atmospheric pressure. Optionally, the sub-atmospheric pressure 1s at least a partial vacuum.

Optionally, the interior of the transport container 1s at a sub-atmospheric pressure that 1s at least
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at a pressure below ambient pressure. Optionally, the sub-atmospheric pressure 1s selected to
provide sufficient force to draw a desired volume of sample into the sample vessel. Optionally,
the transport container contains at least five or more sample vessels. Optionally, the transport
container ships bodily fluid samples from a plurality of different subjects. Optionally,
information associated with each of the sample vessels determine what tests will be run on the
bodily fluid sample therein. Optionally, the transport container 1s placed inside another container
during shipping. Optionally, the method further comprises pre-processing sample 1n the sample
vessels prior to shipping to the second location. Optionally, at least a portion of the sample may
be collected and dried, such as but not limited to collection on a paper sample collector. There
may be multiple “spots” on the collector for the sample to be collected and then shipped on such
paper sample collection member. The dried sample may be shipped together with the container
having the liquid sample. Both may be coded with the same 1dentifier or at least one that
associates both collectors with the same subject.

[0034] Optionally, the transport container has a sample vessel array density of at least
about 4 vessels per square inch. Optionally, a cooling surface in the transport container provides
a temperature profile within a desired range for sample vessels 1n the vessel. Optionally, the
sample vessels are individually addressable. Optionally, the method further comprises using a
cooled tray to hold the samples vessels 1n a cooling chamber prior to loading the vessels into the
container and the same tray 1s used to hold the sample vessels 1n the vessel, wherein the samples
are placed into container with the cooled tray. Optionally, sample vessels are arranged such that
there are at least two vessels 1n each container with bodily sample fluid from the same subject,
wherein at least a first sample includes a first anticoagulant and a second sample includes a
second anticoagulant 1in the matrix. Optionally, the fluid sample comprises capillary blood for
use 1n testing by FDA-cleared or FD A-certified assay devices and procedures, or testing by a
CLIA-certified laboratory. Optionally, the fluid sample comprises blood for use 1n testing by
FDA-cleared or FDA-certified assay devices and procedures, or testing by a CLIA-certified
laboratory. Optionally, a housing providing a controlled thermal profile and high heat of fusion
material providing at least one cooling surface facing the vessels. Optionally, a high heat of
fusion material 1s embedded 1n material used to form the vessel. Optionally, a controlled thermal
profile, high heat of fusion material comprises about 30% to 50%. Optionally, a controlled

thermal profile, high heat of fusion material comprises about 10% to 30%. Optionally, the

13



CA 02993316 2018-01-22

WO 2017/015517 PCT/US2016/0434335

method further comprises a housing of metallic material having a resting temperature less than
ambient temperature.

[0035] Optionally, the method further comprises scanning an information storage unit on
each sample at the receiving site and automatically placing the vessel into a cartridge.
Optionally, the method further comprises scanning an information storage unit on each sample at
the rece1ving site and automatically placing the vessel into a cartridge. Optionally, the method
further comprises using the same tray to hold sample vessels 1n the array configuration when 1n a
refrigeration device prior to transport and 1n the transport container during transport. Optionally,
the method further comprises using a tray for holding the sample vessels that comprises a highly
thermally conductive material. Optionally, the tray comprises a plurality of slots having a shape
to hold sample vessels holders 1n a preferential orientation. Optionally, the tray 1s configured to
directly engage sample vessel holders. Optionally, a tray locking mechanism 1s used to hold the
tray within the vessel, wherein the tray locking mechanism releases the tray only upon
application of magnetic force. Optionally, the method comprises maintaining a temperature
range 1n the 2 °C to 8 °C during transport. Optionally, the method further comprises a
temperature control material that maintains above freezing but about 10 °C or less during
transport. Optionally, the method comprises using a temperature threshold detector to indicate 1f
the sample vessel reaches a temperature outside a threshold level. Optionally, the method
further comprises scanning a vessel 1n the tray prior to shipping to determine 1f a processing step
on the sample had not been performed; using a processor to perform or re-perform a step.
Optionally, the method further comprises a single-step loading of the sample vessel(s) into the
tray and then a single-step loading of the tray into the transport container.

[0036] Optionally, the transport container has a first surface configured to define a
thermally conductive pathway to the controlled thermal profile, high heat of fusion material in
the transport container. Optionally, the first surface 1s configured to be 1n direct contact with
another surface cooled by a sorption cooling device. Optionally, the method comprises
simultaneous bar code scanning of sample vessels 1n the tray. Optionally, the method comprises
simultaneous bar code scanning undersides of sample vessels 1n the tray. Optionally, the method
comprises bar code scanning rows of sample vessels. Optionally, the method comprises bar code
scanning undersides of rows of sample vessels. Optionally, the method comprises shipping a

plurality of the sample vessels 1n an inverted orientation. Optionally, the method comprises
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shipping a plurality of the sample vessels wherein blood cells and plasma are separated by a
barrier material in the sample vessels. Optionally, the method comprises opening the transport
container by unlocking 1t and opening 1t, wherein at least one hinge holds two pieces together.
Optionally, the tray has at least one magnetic contact point for removing the tray from the vessel.
Optionally, a computer controlled end effector 1s used to load and/or unload sample vessels from
the transport container, wherein before, during, or after unloading, a reader obtains information
from at least one information storage unit attached to one or more sample vessels. It should be
understood that although the transport container 1s often used for transport, 1t can also be used as
a storage container for the tray and/or sample vessels when the transport container 1s not used for
transport. Accordingly, the uses for the container are not limited to transport and other suitable
uses for any of the embodiments are not excluded.

[0037] In yet another embodiment herein, a thermal-controlled transport container 1s
provided for use 1n shipping a plurality of sample vessels, the transport container comprising: a
container having at least a top, bottom, and side walls together defining a cavity, wherein at least
one of said top, bottom and side walls comprises a phase change material; a frame sized to fit
within the cavity and defining openings configured for holding a plurality of sample vessels and
having sidewalls configured to be 1n contact with sidewalls of the sample vessels, wherein
vessels are arranged such that each patient has at least a first sample with a first anticoagulant
and a second sample with a second anticoagulant in the matrix.

[0038] In another embodiment described herein, a thermal-controlled transport container
1s provided for use 1n shipping a plurality of sample vessels, the transport container comprising;
a) a bottom container portion comprising a bottom wall and at least a first sidewall defining a
cavity adapted to contain a product therein; b) a top container portion comprising a top surface
and a bottom surface and adapted to combine with said bottom container portion to define a
product cavity, said top container portion forming a top wall for said vessel; wherein at least one
of said top, bottom and side walls comprises a phase change material.

[0039] In another embodiment described herein, a thermal-controlled transport container
1s provided for use 1n shipping a plurality of sample vessels, the transport container comprising:
a) a bottom container portion comprising a bottom wall and at least a first sidewall defining a
cavity adapted to contain a product therein; b) a top container portion comprising a top surface

and a bottom surface and adapted to combine with said bottom container portion to define a
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product cavity, said top container portion forming a top wall for said vessel; c¢) a holder for
defining a plurality of sample vessel holding spaces to position the sample vessels 1n a pre-
determined orientation; wherein at least one of said top, bottom and side walls comprises a phase
change material.

[0040] In another embodiment described herein, a transport container 1s provided for
shipping sample vessels, the container comprising: a generally rectangular floor; generally
parallel sides projecting from longitudinal edges of the floor; generally parallel ends projecting
from end edges of the floor and bridging the sides; a cover fittable over the sides and ends and
forming therewith and with the floor a generally closed space; a sample vessel holder removably
coupled to the floor 1n an interior of the container and configured to define vessel-holding
spaces. Optionally, the vessel holding spaces are configured to hold air-evacuated blood
collection tubes having an interior volume of about 2ml or less. In at least one embodiment, the
vessel holding spaces are configured to hold vessels such as but not limited to air-evacuated
collection tubes having an interior volume of about 1 ml, or less than about 500 uL, or less than
about 250 nL, or less than about 100 pL, or less than about 50 uL, or less.

[0041] In another embodiment described herein, a thermal-controlled transport container
1s provided for use 1n shipping a plurality of sample vessels, the transport container comprising:
means for holding a plurality of sample vessels 1n at least one fixed orientation; means for
thermally controlling temperature of the sample vessels to be within a desired range of about O
°C to 10 °C; wherein the means from holding the plurality of sample vessels 1s removable from
the transport container. Optionally, the vessel holding spaces are configured to hold air-
evacuated blood collection tubes having an interior volume of about 2ml or less. In
embodiments, the vessel holding spaces are configured to hold air-evacuated collection tubes
having an interior volume of about 1 ml, or less <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>