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BIOLOGICAL SAMPLE PROCESSING

BACKGROUND
(9081} Analysis of biological samples from a subject may be traportant for health-related
diagnosing, monitoring and/or treating of the subject. A variety of methods are known for the
analysis of bivlogical samples. However, in order to provide better diagnosing, monitoring,
and/or reating of subjects, improvements in the analysis of biological samples are desired.
Current technigues have various himitations, including but not limited to wasted
reagents/materials, lack of flexibility in test meny, and/or low throughput/high cost associated

with sample analysis.

INCORPORATION BY REFERENCE
18682 All poblications, patents, and patent applications mentioned in this specification
are hercin incorporated by reference to the same exient as if each individual publication, patent,
ot patent application was specifically and individually fndicated to be tucorporated by reference.
However, in the event of a conflict between the content of the present express disclosure and the
content of a document incorporated by reference herein, the content of the present express

disclosure controls.

SUMMARY
[6083] The disadvantages associated with the prior art are overcome by at least some
embodiments described horein,
18004 In one embodiment, a method is provided for processing a biclogical sample, the

method comprising: recetving a sample vessel containing the sample: retrieving information
from an information storage unit associated with the sample; using said information for selecting
at least one cartridge from at least two or more different cavtridges, cach configured for use with
a sample processing device; loading at least one or more reagents onto the cartridge, wherein the
one or more reagenis to be added are sclected based at least in part on the information or
mstructions derived from the information; and placing the sample vessel in the cartridge.

[6905] It should be understood that one or more of the following features may be adapted
for use with any of the embodiments described herein. For example and not imitation, retrieving
the information may comprisc using optical scanping to obitain nformation from the information

storage unit. Optionally, refrieving comprises using clectromagnetic techniques to obtain
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information from the information storage unit. Optionally, the information storage unit is on the
saraple vessel. Opticnally, the information storage unit 1s on the samaple veossel and/or a test
order. Optionally, the mformation storage unit comprises @ bar code. Optionally, the
mformation storage unit comprises 8 QR code. Optionally, the information storage unit
comprises a radivfrequency-based storage unit. Optionally, the method comprises
communicating the information from 1o an external device. Optionally, the method comprising
receiving from the external device instructions for cartridge assembly. Optionally, the receiver
may be a communications unit at or pear the cartridge assembly location. Optionally, the
mformation comaprises cartridge assembly imstructions. Optionally, the information comprises
mformation regarding components that are to be included in the cartridge. Optionally, the
mformation comprises mformation specifying which cartridge to select. Optionally, the
mformation compriscs mformation specifying which tests are to be performed on the sample.
Optionally, at least one of the cartridges is partially loaded with some componenis prior to being
selected. Optionally, at least one of the cartridges comprises a frame without other cartridge
components prior to being selected for cartridge assembly. Optionally, at least one of the
cartridges comprises a frame without other cartridge componenis therein prior to the cartridge
being selected for cartridge assembly.

[6686] {Optionally, the cartridge comprises at lgast one absorbent pad. Optionally, the
two or more different cartridges each has a different counfiguration for holding the reagents.
Optionally, the two or more different cartridges each defines one or more locations for receiving
one of more reagent vessels. Optionally, the two or more different cartridges each defines one or
more locations for receiving one or more dikuent vessels. Optionally, the two or more different
cartridges cach defines one or more locations for receiving one or more pipette tips. Optionally,
the two or more different cartridges each defines one or more locations for receiving one or more
reaction vessels. Optionally, the two or more different cartridges each defines one or more
locations for receiving one or more cuveties. Optionally, the two or more different cartridges
cach defines one or more locations for receiving one or more arrays of reagents. Optionally, the
two or more different carridges each defines one or more locations for receiving one or more
arrays of diluents. Optionally, the two or more different cartridges each defines one or more
locations for receiving one or more arrays of pipette tips. Optionally, the two or more differcut
cartridges cach defines one or more locations for receiving one or more artays of reaction
vessels. Optionally, the two or more ditferent cartridges cach defines one or more locations for
receiving one of more arrays of cavettes. Optionally, the method comprises using one or more

pick-and-place robots (o add the reagents to the cartridge. Optionally, at least one robot is a delta
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robot. Optionally, at least one robot is a D3 delta robot. Optionally, at least one robotis a D4
dehta vobot. Optionally, at least one robot is a D5 delta robot. Optionally, at least one robot is a
D6 delta robot. Optionally, the robot 18 position in an overhead position over the cartridge
assembly area.

(6667 Optionally, the cariridge has a structure that can be used to register the cartridge
with the sample processing device for desired positioning of the cartridge. Optionally, this may
be one or more protrusions on the cartridge.  Optionally, this may be one or more indentations
on the cartridge. Optionally, some embodiments may use a combination of the foregoing for
registration purposes. Optionally, cach of the two or more different cartridges bas the structure
to register the cartridge with the sample processing device. Optionally, the structure compriscs
an angled structure for alignment of the cartridge with a tray in the sample processing device.
Optionally, a visual mark on the cariridge is used for positioning the cartridge in a cariridge
receiving location of the sample processing device.

[8908] Optionally, the method comprises transporting the cariridge with the sample
vessel and one or more reagents therein or thereon, from a cartridge assembly location to a
saraple processing location. Optionally, the raethod comprises transporting two or more
cartridge simultancously from a cartridge assembly location 1o a sample processing location.
Optionally, the method comprises operably coupling the assembly loeation with the sample
processing location with a transport assembly. Optionally, the transport asscmbly comprises a
scl-propelled robot configured to transport one or more cartridges from the assembly location to
the sample processing location. Optionally, at least one end effector is on the robot for handling
the cartridge. Optionally, at least one end effector for loading components into the cartridge.
Optionally, the transport asscmbly comprises a conveyor-belt based system for transporting the
cartridge. Optionally, the method comprises using a cartridge loading assembly to move 2
cartridge from the transport assembly to at least one sample processing device. Optionally, the
method comprises using a cartridge loading assembly to move a cartridge from the transport
assembly to cartridge receiving location for at least one sample processing device. Optionally,
the method comprises using a cartvidge loading assernbly to move a cartridge from the transport
assembly to one of a plurality of cartridge receiving locations that leads to one or more sample
processing devices. Optionally, a phurality of sampie processing devices are located at the
processing focation. Optionally, the sample processing devices are arvanged n an array
configuration. Optionally, the sample processing devices are arranged in a semi-circular array

configuration about 8 cartridge loading assembly.
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[8049] In one non-limiting example, a method is provided for processing a biological
saraple, the method comprising: retrieving information from an information storage unit
associated with a cartridge configured for use with a sample processing device; loading the
cartridge comprising one or more reagents and the sample vessel into the sample processing
device, wherein the loading comprises using a robotic manipulator mounted on a transport
having a thermally controlied storage arca housing a plurality of the cartridges, cach cartridge
having a sample from a different subject. Optionally, some embodiments may have cartridges
that cach contain at least two samples from the same subject, wherein cach sample contains a
different preparatory agend such as but not bimited to different anti-coagulants.

[6016) (Other goals and advantages of the methods, devices, and systerns described will
be firrther appreciated and understood when considered in conjunction with the following
description and accompanying drawings. While the following description may coniain specific
details describing particular cmbodiments, this should not be construed as hmitations 1o the
scope of the invention but rather as an exemplification of preferable ernbodiments. For each
aspect of the invention, many variations are possible as suggested herein that are known to those
of ordinary skill in the art. A variety of changes and modifications can be made within the scope

of the mvention without departing from the spinit thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

(8011} In the drawings,

(6912 Fig. | shows an embodiment of a system provided herein.

(08613} Fig. 2 shows an embodiment of a system provided herein.

[08614] Fig. 3 shows an cmbodiment of a system provided herein.

[0015] Fig. 4 shows an embodimnent of a system provided herein.

[60186] Fig. S shows an embodiment of a system provided herein.

(6617 it is noted that the drawings and clements therein are not necessarily drawn to

shape or scale. For example, the shape or scale of clements of the drawings may be simplified or
modificd for case or clarity of presentation. It should further be understood that the drawings
and clements therein are for exemplary illustrative porposes only, and not be construed as

fimiting in any way.
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS
[6018] It 1s te be understood that both the foregoing goneral description and the
following detailed description are exemplary and explanatory only and are not restrictive of the
mvention, as claimed. It may be noted that, as used in the specification and the appended claims,

LRI 1Y

the singular forms “a”, “an” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a material” may include mixtures of materials,
reference to “a compound” may include multiple compounds, and the ike. References cited
herein are herchy incorporated by reference in their entirety, except to the extent that they
contlict with teachings explicitly set forth in this specification.

[619] In this specification and n the claims which follow, veference will be made to a
mumber of terms which shall be defined to have the following meanings:

(6828 “Optional” or “optionally” means that the subsequently described circumstance
may of may 8ot occur, so that the description includes justances where the circumstance occurs
and instances where it does not. For example, it a device optionally contains a feature for a
sample collection anit, this means that the sample collection unit may or may not be present, and,
thus, the description includes both structures wherein a device possesses the sample collection
anit and structures wherein sample collection unit is not present.

[6621] As psed herein, the terms “substantial” means more than a minimal or
imsignificant amount; and “substantially” means more than a minimally or insignificantly. Thus,
for example, the phrase "substantially differcnt”, as used herein, denotes a sufficicotly 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 the values. Thus, the difference between two values that are
substantially different from cach 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.

a2 As used herein, a “sample” may be but 1s not limited 1o a blood sample, o1 a
portion of a blood sample, may be of any suitable size or volume, and is preferably of smali 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 a small volome portion of 2
blood sample, where a small volume comprises no more than about 5 ml.; or comprises no more
than about 3 ml; or comprises no more than sbout 2 mb; or comprises no more than about 1 mL;
or comprises no more than about SO0 uL; or comprises no more than aboot 250 pl: or comprises

no more than about 100 uL: or comprises no more than about 75 ul; or comprises no more than
B ]
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about 50 uL; or comprises no more than about 35 ul; or comprises no more than about 25 uk;
or comprises no more than about 20 ul.; or comprises ne more than about 15 uk; or comprises
no more than about 10 ul; or comprises no more than about 8 pb; or comprises no more than
abowt 6 ul; or comprises no more than about § gl or comprises no more than about 4 uk; or
comprises no more than abowt 3 ub.; or comprises no more than about 2 ul; or comprises no
more than about 1 ul; or comprises no more than about 0.8 ui; or comprises no more than about
0.5 pL; or comprises no more than about (1.3 pL; or comprises no more than about 0.2 pL; or
comprises no more than about 0.1 ul; or comprises no more than about 0.05 uL; or comprises
no more than about 0.01 pl.

[6023] As used herein, the term “point of service location” may nclade locations where
a subject may receive a service {e.g. testing, monitoring, treatment, diagnosis, guidance, sample
collection, 1D verification, medical services, non-medical services, ete.), and may inchide,
without lmitation, a subject's bome, a subject’s business, the location of a healtheare provider
(e.g., doctor), hospitals, emergency rooms, operating rooms, clindes, health care professionals’
offices, laboratories, retailers [e.g. pharmacies {e.g., retail pharmacy, clinical pharmacy, hospital
pharmacy ), drugstores, supermarkeis, grocers, etc. ], fransportation vehicles (e.g. car, boat, truck,
bus, atrplane, motorcycle, ambulance, mobile unit, fire engine/truck, emergency vehicle, law
enforcement vehicle, police car, or other vehicle configured to transport a subject from one point
to another, etc.), traveling medical care vnits, mobile units, schools, day-care centers, sccurity

screcuning locations, combat locations, health assisted living rvesidences, government offices,

office buildings, tents, bodily thud sample acquisition sites {e.g. blood collection centers), sites
at or near an entrance to a location that a subject may wish to access, sites on or near a device
that a subject may wish to access {2.g., the location of a computer if the subject wishes to access
the computer), a location where a sample processing device receives a sample, or any other point
of service location described elsewhere herein

(6624 in some cmbodiments, provided hercin are systems and methods for processing a
biclogical sample.

{95251 In some embodiments, with reference to Figure 1, 8 vessel 101 containing a
sample such as but not himited to a biclogical sample may be positioned in or near an avtomated
robotic systom 111 configured for preparing cartridges for use with a sample processing device.
In this non-limiting exarple, the vessel include an information storage unit such as but limited to
labeling the cartridge with an identifier 102, The automated robotic system 111 may contain a
local controller 112 and a communication assembly 113, The automated robotic system 111 may

contain or be in communication with an identifier detector 114, The automated robotic system
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111 may be in conumumication with an external device 115 via the communication assembly 113.
The identifier detector 114 may detect the dentifier 102 on the vessel 161, Based on
mformation in the identifier 102, the local controller 112 may excecute a protocol for the
automated robotic system 111 to prepare a cartridge containing the vessel 101, The automated
robotic system 111 may load the vessel 101 into a cartridge. The cartridge may be selected from
a plurality of cartridges 121, 131. The automated robotic systom 111 may further load one or
more reagent-containing or empty vessels 122, 123, 124, 132, 133 into the cartridge containing
the biclogical-sample containing vessel 101, A cartridge 121, 131 may be configured to receive
certain reagents or vessels having certain shapes. For example, cartridge 121 may be configured
to only receive vessels 122 123, and 124, whereas cartridge 132 may be configured to only
receive vessels 132 and 133, Prior to the loading of the biological sample-containing vessel 101
into the cartridge, the cartridges 121, 131 and reagent-containing and empty vessels 122, 123,
124, 132, 133 may be stored tu the automated robotic system 111, or they may be stored near the
automated robotic system 111 such that they are accessible to the system 111, A cartridge 121,
131 may have at least one information storage unit sach as but not lmited to an identifier 125,
135 on the cartridges, respectively. Although this non-limiting example is shown foading the
sample containing vesse! 101 into the cartridge, 1t should be understood that some embodiments
may load the sample containing vessel 1 into the cartridge at a later point in time, or in some
aliernative embodiments, not at all. Although this non-limiting exampie is shown loading one
sample containing vessel 101 into the cartridge, other erabodiments may load two or more
sample containing vessels 101 into the cartridge. Optionally, some embodiments may havea
single structure that may contain a plarality of sample containing vessels 101

(80261 In a system or method described herein, a biological sample may be provided.
The sample may include ove or more fluid components. In some instances, solid or semi-solid
samples may be provided. Optionally, the sample may be from a subject. A subject may bea
human or an animal. The sample may nchude a bodily fluid, secretion, or tissue of a subject.
The biological sample may be a bodily fluid, a seerction, or a tissue sample. Examples of
biological samples may include but are not Hmited to, blood, serum, saliva, urine, gastric and
digestive fluid, tears, stool, semen, vaginal floid, interstitial fluids derived from tumorous tissue,
ocular fhuids, sweat, mucus, earwax, oil, glandular secretions, breath, spinal fhuid, hair,
fingernails, skin cells, plasioa, nasal swab or nasopharyngeal wash, spinal fluid, cercbral spinal
fluid, tissue, throat swab, biopsy, placental thad, ammiotic thud, cord blood, emphatic fluids,
cavity fluids, sputum, pus, microbiota, meconium, breast milk or other excretions. Samples may

be from a plant, microovganism (¢.g. virus, bacteria), or other biclogical material.

-
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(8827} In some embodiments, a biclogical sample may be in a vessel or other container.
In some embodiments, a biological sample is in a vessel which has an interior volume of vo
greater than 200 mi, 100 ml, 50 ml, 40 ml, 30 mi, 20 ml, 10 mi, 5§ ml, 4 mi, 3 mi, 2 mi, | mi, 900
wl, 860 ul, 700 ul, 600 ul, 500 ul, 400 wl, 300 pl, 260 pl, 100 ul, 75 ul 50 ul, 40 ui, 30 ul, 20 pl,
Wul Sub 4 ul 3ul, 2 ul, ort ul. In some embodiments, a bislogical sample is in a vessel
having any of the features of a sample-containing vessel described in any of the documents
mcorporated by reference elsewhere herein.

[6428} In some embodiments, a vessel containing a biological sample may be labeled
with information storage unit such as but not limited to an identifier. In one non-limiting

example, the vessel may be but is not limited to vessel 101, The identifier may be any structure

-

or systerm for conveying information, such as but not limited 1o a bar code, a formation of lines

oF

-

shapes, a series of alphanumerical charvacters, a radio frequency tag, or a physical stracture

{c.g. raised bumps or depressions in a surface). In some embodiments, the identifier may contain
a storage or memory device and can transmit information to an identifier detector. An tdentifier
may contain or be linked to information relating to, for example, any one or more of: the identity
of the subject from whom the biological sample was obtained, the time, date, or location of
collection of the sample from a subject, the healtheare provider who requested the assays to be
performed on the biological sample, which assays are to be performed on the biclogical sample,
the type of cartridge to use with the biclogical sample, vessels to load into the cartridge with the
biclogical sample, or veagents to load into the cartridge with the biological sample. In some
cmbodiments, any of the above information is provided in the identifier itself. in some
embodiments, an identifier may contain a code or other information which may be processed by
an appropriate program to reveal any of the above information. In some embodiments, more
than ong identifier or type of identifier may be inchided in a vessel. An identifier may be added
to a vessel prior to a biclogical sample being added fo the vessel. Altematively, an identifier
may be added to a vessel atior the biological sample is added 1o the vessel.

(9029 In one non-hmiting example, a biological sample may be positioned in ov near an
automated robotic system configured for preparing cartridges for use with a sample processing
device. In some crubodiments, a biological sample is collected at 2 remote location, and
transported to the automated robotic system. In other embodiments, a biological is collected
near the automated robotic system, In some embodiments, a biological sample may be colfected
or transported to an avtomated robotic system according to system or method as deseribed in any

of the documents incorporated by reference cisewhere herein
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[0036] In a system or method described herein, an automated robotic system configured
for preparing cartridges for use with a sanaple processing device may be provided. In some
embodiments, the automated robotic system may contain a local controller. The local controlier
may be configired to control the movement of one or more parts of the automated robotic
system. The focal controller may contain a local memory. The local memory may contain
tangible computer readable media with code, fustructions, language to perform one or more steps
as described elsewhere herein. The local memory may store one or more protocols. The
protocols may be generated locally on the automated robotic system, or may be received from an
extornal source {e.g. a cloud-based database, a USH drive, ctc.).

(6031} In some embodiments, an automated robotic systerm may contain a
communication assembly. The communication asscmbly may be part of or may be in
communication with the local controller. The communication assembly may be configured to
comumunicate with an external device. In some embodiments, the commumnication assembly moay
be configured to wirelessly communicate with an external device {o.g. with Bluetooth or RTM
technology). In some embodiments, the commaunication assembly may communicate with an
external device via a cellular or satellite network,

(6632} In some embodiments, an automated robotic system may be in communication
with an external device. In some embodiments, the external device can be a compulter system,
server, or other electronic device capable of storing information or processing information. In
some embodiments the external device includes one or more computer systems, servers, or other
electronic devices capable of storing information or processing information.  In some
embodiments, the external device can include more servers as are known in the art and
commercialiy available. Such servers can provide load balancing, task management, and backop
capacity in the event of failure of one or more of the servers or other components of the extornal
device, to improve the availability of the server. A server can also be implemented on a
distributed network of storage and processor units, as known in the art, wherein the data
processing according to the present invention reside on workstations such as computers, thereby
climinating the need for a server. In some embodiments, an external device may be a cloud-
computing based system.

[08033] In some embodiments, an automated robotic system may contain or be in
communication with an wdentifier detector. An identifier detector may detect an identificr ona
vessel containing a biological sample. For example, an identifier detector may be a bar-code
scanner or an RFID reader. In some embodiments, an identifier detector may contain an LED

that cmits light which can interact with an identifier which reflects light and which can be
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measured by the identifier detector to determine information provided in the identifier. In some
embodiments, the identifier detector may be in commumication with the local controller of the
automated robotic system, such that information relating to an identifier on a vessel is
transmitted from the identifier detector to the local controller.

(6634 in some cmbodiments, the automated robotic system may be or may coniain a
pick-and-place robot. In one non-luwniting example, the pick-and-place rebot may be a delta
robot. The pick-and-place robot may be or have one or more characteristics of a pick-and-place
robot available from, for example, ABB, Inc. (Zurich, Switzerland), Bastian Solutions
{indianapolis, 1N}, Codian Robotics (Veenendaal, Netherlands), Yaskawa (Eschborn, Germany),
or Qystar (Lorenzstrasse, Germany). Of course, it should be understood that other automation
systems, methods, or devices, including those that may be developed in the future, are not
exchuded for use with system(s), methods, or devices described herein,

[68935] In some embodiments, an autornated robotic system may contain or have physical
access to one, two, three or more cartridges. The cartridges may be configured to support one or
more different vessels, mchiding biclogical sample-containing vessel, reagent-containing
vessels, and copty vessels. Vessels may include, for exarple, tips, containers, cuvetics, assay
anits, reagent units, processing units ete. In some embodiments, an automated robotic system
may contain or have physical access to one, two, three, four, five or more different types of
cartridges having different configurations for supporting vessels. For example, one type of
cartridge may have a contiguration such that it can support 100 vessels which cach hold a
volume of 50 microliters, whereas another type of cartridge may have a configuration such that it
can sapport 10 vessels which each hold & volume of 100 microliters and 20 vessels which cach
hold a volume of 200 microliters. In another example, one type of cartridge may have a
contiguration such that it can support three microscopy cuvetics and 10 pipette fips, whereas
another type of cartridge may have a configuration such that 1t can support 8 nucleie acid
amplification vessels and 20 pipette tips. In another example, one type of cariridge may have a
configuration such that it can support hexagonal-shaped vessels, whereas another type of
cartridge may have a configuration such that it can support vound-shaped vessels. Of course,
sther mumbers, not specifically cnumerated above, may also be configired for use with the
systems, devices, and methods described herein,

[60346] In some embodiments an autornated robotic system may contain or have physical
access to one, two, three or more empty or reagent-containing vessels. In some embodiments,
the empty or reagent-containing vessels may have any of the characteristics of empty or reagent-

containing vessels as described in any of the docoments incorporated by reference elsewhere
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herein. In some embodiments, the reagent-containing vessels may contain antibodies, aucleic
acids, cnzymes, dyes, buffers, salts, chromogens, or other reagents for performing assays related
to biclogical samples. In some embodiments, vessels may contain @ mixture of more than one
reagent. In some embodiments, an automated robotic system may contain or have physical
access to 1, 2, 3,4, §, 10, 20, 30, 40, 50, 100G, 150, 200, 364, 400, 500, 1000, or morc reagents,
alone or in combination. In some embodiments, the reagent-containing vessels may contain any
of the reagents described in any of the documents tncorporated by reference elsewhere herein.

(8637} In some embodiments, prior to being loaded into the automated robotic systom or
placed in the vicinity thereod, the cartridges do not contain any empty or reagent-confaining
vessels. In other embodiments, the cartridges are fully loaded with empty and reagent-
containing vessels sufficient to perform one or more assays with a biological sample prior to
being loaded into the avtomated robotic system or placed in the vicinity thereof. In other
cmbodiments, the cartridges partially loaded with some empty or reagont-containing vessels
prior to being loaded fnto the automated robotic systerm or placed in the vicinity thereof. In some
embodiments, the cartridges are loaded with empty vessels prior to being loaded into the
automated robotic system or placed in the vicinity thercof.

[6038] Optionally, the mutomated robotic system may contain a housing, and one or more
components of the system described herein may be inside the housing.

(6639 In some embodiments, a vessel containing 2 biological sample 1s loaded into an
automated robotic system configured for preparing cartridges for use with 2 samaple processing
device. In some situations, a vessel containing a biclogical sample may be manually loaded by a
human into the automated robotic system. In other embodiments, an automated robotic system
may be configured to transport a vessel coniaining a biological sample from outside the system
mto the automated robotic system. For example, an automated robotic systom may contain a
pick-and-place robot which is configured 1o pick up a biological sample which s positione
outside of the system, and o move it info the system.

[6044] In some embodiments, a single vessel containing a biological sample s loaded
mto an automated robotic system at a time. In other embodiments, multiple vessels containing
biclogical samples may be loaded simultancously into an avtomated robotic system. For
example, a rack or other structure which supports multiple vessels {e.g. 2, 3, 4, §, 10, 15, 24, 30,
40, 30, 100, or more) may be loaded into an automated robotic system, thereby simultancously
transporting multiple vessels into the system at a time.

[9641] Optionally, an identifier on a vessel containing a biological sample may be

detecied by an identifier detector when a vessel is outside or inside an automated robotic system,
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[0642] In some embodiments, an automated robotic sysicm may preparc a cartridge
containing & vesscl containing a biological sample, based on information present io the idontifier
on the vessel and obtained by the identifier detector. For example, an identifier detector may
detoct information in an identifier on a vessel, this information may be communicated to the
local controller of an automated robotic systom, and based on this information, and the local
condroller may execuie a protocol stoved in a local memory on the automated robotic system for
preparing a cartridge containing the vessel. In another example, an identifier detector may detect
nformation in an identificr on a vessel, this information may be communicated to the local
controller of an automated robotic system, this information may be further communicated o an
external device via the commumication assembly of the automated robotic system, based on this
mformation, the external device may transmit a protocol to local controller via the
communication assembly, and the local contrefler may then execute the protocol from the
external device for preparing a cartridge countaining the vessel.

(6043 In some embodiments, based on a protocol to prepare a cartridge containing 2
biological sample-containing vessel, the automated robotic system may load the sample-
containing vessel into a cartridge of a certain type, wherein the cartridge is selected from one,
two, three, four, five or more ditferent types of cartridges having different configurations for
supporting vessels which are contained in or are physically accessible to the automated robotic
system. A protocol may direct that a sample-containing vessel be loaded into a certain cartridge
type for one or more reasens, such as: the types of assays that are to be perfermed with the
biological sample, the types or shapes of vessels that are to be used with assays with the
biclogical sample, the type of sample processing device that is to receive the cartridge containing
the biclogical sample, or which specific sample processing device is o receive the cartridge
containing the biological sample.

[0644] In some embodiments, based on a protoco] to prepare a cartridge containing a
biclogical sample-containing vesscl, the automated robotic system may load the sample-
containing vessel into a certain specific cartridge, wherein the cartridge 15 selected from 1, 2,3,
5, 16, 20, 50, or move different specitic cartridges which are contained in or are physically
accessible to automated robotic system. A protocol may direct that a sample-coniaining vessel
be loaded into a certain specific cartridge for one or more reasons, such as: the specific cartridge
may contain an identifier with information related to the biological sanple, the specific carridge
may be pre-loaded with one or more empty or reagent-containing vessels for performing one or
more specific assays or a specific group of assays with the sample, or any of the reasons

provided above for loading s biclogical sample-containing vessel into a certain type of cartridge.
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[8845] In some embodiments, based on a protocol to prepare a cartridge containing a
biological sample-containing vessel, the biological sample-containing vessel is loaded into a
cartridge before empty or reagent-containing vessels are loaded into the cartridge. In other
embodiments, the bislogical sample-containing vessel is loaded into a cartridge after all empty
or reagent-containing vessels for performing one or more assays of inlerest arc loaded nto the
cartridge. In still other embodiments, the biological sample-contatning vessel is loaded into a
cartridge after some empty or reagent-containing vessels are loaded into the cartridge, but prior
to the loading of all empty or reagent-containing vessels for one or more assays of interest into
the cartridge. In some embodiments, cartridges are provided to an automated robotic system
containing some or all of the empty or reagent-containing vessels for performing one or more
selected assays with a biological sample pre-loaded in the cartridge. In other embodiments,
cartridges are provided to an automated robotic sysiem without any of the cmpty or reagent-
condaining vessels for performaing one or more sclected assays with a biological sample pre-
loaded in the cartridge.

(08846} In some embodiments, based on a protocol to prepare a cartridge containing a
hiclogical sample-containing vessel, the automated robotic system may load one or more empty
or reagent-containing vessels into a selected cartridge. The empty or reagent-containing vessels
may be loaded by the automated robotic system into a selected cartridge prior to, during, or after
the foading of the biological sample-containing vessel into the cartridge. 1, 2, 3, 4, 5, 10, 20, 30,
44, 50, 100, 150, 200, 300, 400, 500, or more different cmpty or reagent-containing vessels may
be loaded nto a selected cartridge by the automated robotic system. 1,2, 3,4, 5, 10, 20, 30, 44,
50, 100, 150, 200, 300, 400, 500 or more different empty or reagent-containing vessels may be
loaded into a selected cartridge by the automated robotic system, wherein the empty or reagent-
containing vessels are selected from 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100, 150, 200, 300, 400, 500,
1006, 2000, S000, or more different empty or reagent-containing vessels which are contained in
or are physically accessibie (o automated robotic system. A protocol may direct that a one or
more specific different empty or reagent-containing vessels be loaded into a certain specific
cartridge for one or more reasons, such as: the assays to be performed with the biological sample
1 the cartridge or the specific cartridge or type of cartridge that is to receive the vessels.

(08047} In some embodiments, before, during, or after the preparation of a cartridge
containing a biclogical sample-countaining vessel, the avtomated robotic systom may add an
identifier to the cariridge. The cartridge 1dentificr may have any of the characteristics or contain
any of the information described elsewhere herein for the identifier on the biological sample

containing vessel. In addition or alternatively, the cartridge identificr may contain information
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regarding, for example, the tirme, date, or location of the addition of the biological samplc to the
cartridge, the assays to be performed with the cartridge, which type of sample processing device
18 to receive the cartridge, or which specific sample processing device is to receive the cartridge.

[8648] In some embodiments, a system or method provided herein may mclade a
plurality of sample processing devices. In some embodiments, a sample processing device may
be or may contain any of the features of sanple processing devices as described in any of the
documents incorporated by reference elsewhere herein. In some embodiments, the plurality of
sampie processing devices may contain at least 2, 3,4, 5,6, 7, 8, 9, 10, 15, 28, 30, 40, 50, 100 or
more sample processing devices. The plurality of sample processing devices may be located
close to each other. In some embodiments, all of the sample processing devices of the plurality
of devices are within the same room or building. In some embodiments, all of the sample
processing devices of the phurality of devices are within a contiguous area of 1, 2, 3, 4, 5, 10, 15,
20, 30, 50, 100, or 200 square moters or less.

{60491 In some embodiments, in a system or method provided herein including a
plurality of sample processing devices, the system or method may include a transport assembly
for transporting sample-containing cartridges fo, from, inte, or cut of one or more saraple
processing devices. In some embodiments, a transport assembly may be or include a conveyor
belt or stmilar structure. In some embodiments, a transport assembly may be or include a robot.
In some embodiments, the robot may operate on a track or with the aid guide rail or similar
structure. In some cmbodiments, the robot may operate without a track or guide rail. o some
embodiments, the robot may be self-propelled. In some embodiments, a cartridge is fully foaded
with vessels when the cartridge 1s loaded onto a transport assembly. In other embodiments, a
cartridge requires one or more additional empty or reagent-containing vessels to be added to the
cartridge before one or more selected assays may be perforroed with a biclogical sample with
using vessels in the cartridge. In some embodiments, a cartridge 1s added to a transport assembly
prior to a vessel coniaining the biological sample being loaded into the cariridge.

(868561 In some embodiments, a transport assembly may contain or be capable of
supporting a plurality of sample-containing cartridges. By way of non-Hmiting example, a
conveyor belt or a robot may contain or be capable of supporting 1, 2, 3, 4, 5, 10, 15, 20, 30, 50,
100 or more cartridges. In one embodiment, these cariridges may be transporied in batch
manner. Optionally, some may transport the cartridges in a sequential mannet,

[0051] In some embodiments, with reference to Figure 2, a system or method provided
herein may inchide a phurality of sample processing devices 201, 202, 203, 204, One or more
device

devices of the phurality of sample processing ces 201, 202, 203, 204 may be adjacent {o

[
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another of the sample processing devices 201, 202, 203, 204, Onec or more devices of the
plurality of sarople processing devices 201, 202, 203, 204 may have the same configuration as
another of the sample processing devices 201, 202, 203, 204, One or more devigces of the
plurality of sample processing devices 201, 202, 203, 204 may have a different configiration as
compared with another of the sample processing devices 201, 202, 203, 204. A transport
assembly 211 may be present in the same room as the plurality of sample processing devices
201, 202, 203, 204, The transport assembly 21| may contain an end-effector 212 for moving a
cartridge 213 into or out of a sample processing device 201, 202, 203, 204, The transport
assombly 211 may further contain a storage arca 214 for storing one or more new or used
cartridges. It should be understood that although the images of the sample processing devices
201 and 202 are shown to be oriented at an angle to the path followed by the transport assembly
214 i Figure 2, the devices 201 and 202 may also be oriented to be orthogonal to the path io
facilitate alignment of a cartridge with a sample receiving location on the sample processing
devices 201 and 202, 1t should also be understood that the sample receiving locations 222 on the
sample processing devices may be aligned in a straight Hue, a pattern, or other mamner as desired
to facilitate one or more aspects of sample handling or processing.

(6052} It should also be understoed that in some embodiments, the storage area 214 may
be a thermally controlled storage area, which in one non-limiting example, may be used to begin
acclimating the cartridges toward a desired temperature range. Optionally, some embodiments
may use the thermally controlled storage arca to begin incubation process(es) for one or more of
the cartridges. It should be understood that within the thermally controlled storage area, there
may be at least one region configured for at least one temperatare range and at least one other
region for at least one other temperature yange. In one embodiment, cach region can hold at icast
one cartridge. Optiovnally, some may have rogion(s) that hold at least two or more cartridges.
Optionally, some embodiments may have each cartridge with its own individually controllable
temperatore zone. Optionally, some embodiments may be configured to control one portion of
the cartridge(s) to one temperature while controlling a ditferent portion of the same cartridge(s)
to a different temperature. In one non-hmiting example, a top portion of one area on the
cartridge is exposed to a thermal environment to control that area to fivst temperature while a an
underside portion of another are of the cartridge is exposed to a sccond thermal cavironment to
control that area to sccond temperature different from the first temperature. In one embodiment,
the storage arca 214 may define a phurality of shelves, slots, or other cartridge holding arcas
which may be heated in zones or individually to a desired temperatore range. In one

embodiment, an information storage unit on or associated with the cartridge may provide
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temperature and/or other information regarding the cartridge. Some embodiments may use a
peltier thermal device, resistive thermal device, phase-change thermal device, or the
combinations thereof in the storage area or In each slot of the storage arcas.

[8653] In one non-limiting example, the storage area 214 may be a removable device
coupleabic to the transport assembly 211 such that a plurality of cartridge may be loaded or
unloaded at one time. Tn one non-limiting example, the storage arca 214 may be thermally
controlled package, backpack, hard-shelled container, soft-shelled container, partially soft-
shelled container, single or multipie combinations of the foregoing, or other types of containers
that may be implemented in the future. Some embodimernds of the transport asserably 211 may be
able to simultancously wansport two or more units having storage arcas 214, Optionally, some
embodiments of the transport assembly 211 may have a hopper, flexible conveyor, flexible
delivery system, or a chute for receiving cartridges. Some cmbodiments may transpori one large
unit with a storage arca 214 and a similar sized or smaller unit with a storage area controlled to a
different temperature range. Some embodiments may have units with nested storage areas 214,
perhaps with one controlled to a different temperature than the other o assist with accelerating
processing. Some embodiments may jnclude 2 vibration source (constant or periodic motion) to
assist in pre-processing of the sample and/or cartridge while on-board the transport assembly
211, Optionally, some embodiments may inchude a controlled atmosphere in the storage area
214 o assist in preprocessing of the sample and/or (o preserve the integrity of the sampic or the
cartridge. The control may be by pressure and/or the type of gas in the storage arca 214,
Optionally, some embodiments may have a separate transport assembly for sample vessels and
another transport assembly for cartridges. Some embodiments may have a transport assembly
with one storage arca of samples and one for cartridges. Some embodiments may have
cartridges being transported without sample vessels and the two are not combined until just
before insertion into the sample processing device or they may be inserted separately into the
sample processing device. Optionally, some embodiments of the transport asscmbly may have at
least one storage area that is cooled below ambient for the sample vessels and at least one storage
arca heated 1o bring the cartridge to a processing temperature. Optionally, both storage arcas
may be controlled o be heated or cooled.

[08054] Optionally, a fransport asserubly may have a local controller, a communication
assembly, and it may be capable of communicating with an external device. Insome
embodiments, the local controller, communication assembly, and external device may have any

of the properties described elsewhere herein for the local controller, commmication assembly,
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and external device of the automated robotic system.  In some embodiments, the external device
may be same exiernal device with which the automated robotic system commumnicates.

[8055] In some embodiments, with reference to Figure 3, a cartridge 301 may be
mtroduced onto a transport assembly which wcludes a conveyor belt 302, The transport
assembly may further contain onc or more vessel loading stations 303, 304, Each vessel loading
station 303, 304 may contain a pick-and-place robot 303, 306 {e.g. a delta robot) for loading
vessels into the cartridge 301, The pick-and-place robot may be configured to load empty
vessels, reagent-containing vessels, or biological sample-containing vessels into a cartridge 301,
The cartridge 301 may be loaded with one or more vessels as 1 travels along the conveyor belt
302 so that as it reaches the end of the conveyor belt 302, it is loaded with all vessels and
reagenis necessary to perform one or more selected assays with a biclogical sample in the
cartridge 3¢ in 2 sample processing device. in some embodiments, a plurality of sample
processing devices 311, 312, 313, 314, 315, 316, 317 may be present in a system or method
meluding a transport assembly which includes a conveyor belt 302, At the end of the conveyor
belt, a cartridge loading assembly 307 may receive the loaded cartridge 301 from the conveyor
belt 302, The cartridge loading assembly 307 may be configured to load a cartridge 301 into a
sample processing device 311, 312, 313, 314, 315, 315, 317,

[8656] In some embodiments, in systems and method provided herein, an automated
robotic system provided herein may be used with a transport assembly provided herein. For
cxample, a vessel containing a biclogical sample may be provided at an automated robotic
system and loaded into a cartridge as described herem. The cartridge may then be moved to a
transport assembly, and from there loaded into a samplie processing device. In some
embodiments, one or more or all of these sieps is automated, such that a biclogical sample may
be analyzed according to systems and methoeds provided herein with minimal divect huoman
mtervention.

(6657 in some cmbodiments, a samplc-containing vessel, cartridge, sample processing
device, blood collection device, sample transport method, empty vessel, reagent-containing
vessel, or reagents or may include or have any of the featares of the sample-containming vessel,
cartridge, sample processing device, blood collection device, sample transport method, empty

ssel, reagent-containing vessel, or reagent described in any one or more of U.S. Patent No
8,088,593, U.S. Patent Application Nos. 13/244,947, 13/769,779, 13/769,817, 13/769 818,

1 3/’769,%’20, U.S. Provisignal Patent Application Nos. 61/766,076, 61/7656,113, 61/766,117,
766,119, 61/697,797, 61/786,351, 61/733,886, all of which are herein incorporated by
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reference in their entirety for all purposes. U.S. Patent Application No. 61/805,925 is also fully
mcorporated herein by reforence in its entirety for all purposes.

[6058] Figure 4 shows a still further non-lmiting example wherein sample processing
devices 311, 312, 313, 314, 315, 316, 317, and 318 may be on either side of the path 321 to be
raveled by the transport assembly 211, This shows that the transport assembly 211 may be used
to service sample processing devices on nwltiple sides of the transport assembly 211, Some
embodiments may have the transport assembly 211 retorn to a base station separate from the
sample processing devices for loading and/or unloading of cartridges. There may be a switch
path to allow for multiple transport assemblics 211 10 be moved ounto the path 321, The switch
may be at a hub such as but not limited to the base station wherein a tumn table, switching track,
or other device can allow for multiple transport assemblies 211 to be moved onto the same
pathway. Optionally, some embodiments may not have a path but instead use a trackiess surface
wherein the transport assemblics have other guidance systerns 1o fravel along a designated path.
Optionally, some may use vision, IR, and/or other systems to autonomously navigate to the

correct location. Some embodiments may have transport assemblies operating along parallcl

(90591 Referring now to Figure 5, a still further embodiment is shown of at least a
portion of an end-cffector that may be used with the transport assembly 211, Figure 5 18 a top-
down view of the end effector 500 wherein it may be included as part of a robotic arm or other
manipulator. This top-down view of this non-limiting example shows that there may be an
iHumination source 502 for use with a detector S04 such as but not hmited to a camera (IR,
visual, or other). This guidance system can be used to assist with positioning of jaw 506 of the
end-effector SO0 to engage a cartridge. It can also be used to align the end-effector 500 to allow
msertion of the cartridge 1o a cartridge receiving location. Some ersbodiments may use an
alignment guide to the side or adjacent area 510 to the cartridge recetving location that can act as
a guide dot, fiducial, or other positioning landmark for aligoment of the end-cffector. In this
non-limiting cxample, the jaw 506 may be replaced with a different type of manipulator
depending on the shape of the cartridge to be handled. In some embodiments, the jaw 506 may
have feature(s) shaped to be mating with feature(s) on the cartridge. Although the embodiment
herein shows a vision system coupled to the end-effector, it should be understood that some
embodiments may vot have a vision system but instead uses a different guidance technique.
Optionally, some embodiments may inchude a tool such as but not bmited to rod, elongate
member, flat spatula-type extension, extendable grips, or the hike to assist with insertion and/or

removal of a cartridge for a target location. Some embodiments may have more than one robotic
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arm on a transport assembly 211, Optionally, some embodiments may have more than one end-
effector on each robotic arm.

[6060] While preferred embodiments of the present invention have been shown and
described herein, 1t will be obvious to those skilled in the art that such embodiments are provided
by way of exampic only. Numecrous variations, changes, and substitotions will now occur to
those skilled in the art without departing from the invention. 1t should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. Any feature, whether preferred or not, may be combined with any other feature,
whether preferved or not. 1t should also be understood that while the invention provided herein
has been described herein using a limited number of terms and phrases for purposes of
expediency, the invention could also be described using other terms and phrases not provided
herein which alsc accurately describe the invention. The appeonded claims are notto be
nterpreted as including means-plus-function mitations, unless such a mitation is exphicitly
recited m a given claim using the phrase “means for.” It should be understood that as used in the

w5

description herein and throughout the claims that follow, the meaning of "a,” "an,” and "the"
mehuades plural reference unless the context clearly dictates otherwise. For example, a reference
to “an assay” may refer to a single assay or nuihtiple 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 clearly dictates otherwise. As used in the description herein and through the claims
that follow, a first object described as containing “at least a portion” of a second objoct may
contain the full amount of / the complete second object. As used in the description herein and
throughout the claims that follow, the terms “comprise”, “inclade”, and “contain” and related
tenses are nclosive and open-ended, and do not exclude additional, unrecited cloments or
method steps. 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
dictaies otherwise, Thus, the term "or" includes “and/or” unless the context expressly dictates
otherwise.

(680611 This document contains material subject to copyright protection. The copyright
owrer { Applicant herein) has no objection to facsimile reproduction of the patent documments and
disclosuses, as they appear in the US Patent and Trademark Office patent file or records, but
otherwise reserves all copyright rights whatsoever. The following notice shall apply: Copyright

2013-2014 Theranos, Inc.
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1. A method for processing a biological sample, the method comprising:

receiving a sample vessel containing the sample;

reirieving information from an information storage unit associated with the
sample;

using said information for selecting at least one cartridge from at least two or
more different cartridges, each configured for use with a sample processing device;

loading at least one or more reagents onto the cartridge, wherein the one or more
reagenis to be added are sciected based at least in part on said information or mstructions derived
from said mformation; and

slacing the sample vessel in the cartridse.
)

2. The methed of claim | wherein retrieving compriscs using optical scamning to

obtain information from the information storage unit.

3. The method of claim | wherein refrieving comprises using electromagnetic

techuigues to obtain information from the information storage unit.

4. The method of claim | wherein the information storage unit comprises a bar

code.

S. The method of claim 1 wherein the information storage unit comprises a QR

code.

6. The method of claim 1 wherein the information storage unit comprises a

radiofrequency-based storage unit.

7. The method of claim 1 further comprising communicating the information

from to an external server.

&. The method of claim 7 further comprising receiving from said external server

mstructions for cartridge assembly.

9. The method of claim | wherein the information comprises cartridge assembly

instructions.

10. The method of claim | wherein the information comprises information
regarding components to be incladed in the cartridge.
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11. The method of claim 1 wherein the information comprises mformation

specitfying which cartridge to select.

12. The method of claim 1 wherein at least one of the cartridges is partially

loaded with some compounents prior to being selected.

13. The method of claim 1 wherein at least one of the cartridges comprises a

frarne without other cartridse components prior 1o being selected for cartridge assembly.
<3 2 )

14. The method of claim 1 wherein the information comprises information

specifying which tests are to be performed on the sample.

15. The method of claim 1 wherein the cartridge comprises at least one absorbend

pad.

16. The method of claim 1 wherein the two or more different cartridges cach has

a different configuration for holding said reagents.

17. The method of claim 1 wherein the two or more different cartridges each

defines one or more locations for receiving one or move reagent vessels.

I8, The method of claim 1 wherein the two or more different cartridges each

defines ong or more locations for receiving ong or more diluent vessels.

19. The method of claim 1 wherein the two or more different cartridges each

defines one or more locations for receiving one or more pipette tips.

20, The method of claim 1 wherein the two or more different cartridges cach

defines oune or more locations for receiving one or more reaction vessels.

21. The method of claim 1 wherein the two or more different cariridges each

defines one or more locations for receiving one ot more cuvettes.

22, The method of claim 1 wherein the two or more different cartridges each

v

defines one or more locations for receiving one or more arrays of reagents.

23, The method of claim 1 wherein the two or more different cartridges each

defines one or more locations for receiving one or more arrays of diluents.
£
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24. The method of claim 1 wherein the two or more different cartridges cach

defines one or more locations for receilving one or more arrays of pipeite tips.
5 J

25. The method of claim 1 wherein the two or more different cariridges cach

defines one or more locations for receiving one or roore arrays of reaction vessels.

26. The method of claim 1 wherein the two or more different cartridges cach

defines one or more locations for receiving one or more arrays of cuvettes.

oy
I

27. The method of claim 1 wherein adding one or more reagents comprises using

one or more pick-and-place robots 1o add the reagents to the cartridge.

28. The method of claim 1 further comprising using a structure on the cartridge
to register the cartridge with the sample processing device for desired positioning of the

cartridge.

29. The method of claim 28 wherein sach of the two or more different cartridges

has said structure to register the cartridge with the sample processing device.

30. The method of claim 28 wherein said structure comprises an angled stroctore

for alignment of the cartridge with a tray in the sample processing device.

31. The method of claim 1 further comprising using a visual mark on the
cartridge for posttioning the cartridge in a cartridge receiving location of the sample processing

device,

32. The method of claim 1 further comprising transporting the cartridge having
the sample vessel and one or more reagents from a cartridge assembly location to a sample

processing location.

33. The method of claim 1 further comprising transporting two or more cartridge

stmultancously from a cariridge assembly location to a sample processing location.

34, The method of claim 1 further comprising operably coupling the assembly

focation with the sanwle processing location with a transport assembly,
pod o
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35. The method of claim 34 whercin the transport asscmbly comprises a sclf-
propelied robot contigured to transport one or more cartridges from the assembly location to the

sample processing location.

2

36. The method of claim 35 further comprising at least one ond effector on the

robot for handhing the cartridge.

37. The method of claim 35 further comprising at least one end effector for

loading components into the cartridge.

38 The method of claim 34 wherein the transport assembly comprises a

conveyor-belt based system for transporting said cartridge.

39. The method of claim 34 further comprising using a cartridge loading
assembly to move a cartridge from the transport assembiy to at least one sample processing

device.

40. The method of claim 34 further comprising using s cartridge loading
assembly to move a cartridge from the transport assembly to cartridge receiving location for at

least one sample processing device.

41, The method of claim 34 finther comprising using a cartridge loading
assembly to move a cartridge from the transport assembly to one of a phurality of cartridge

recetving locations that leads to one or more sample processing devices.

42. The method of claim 1 further comprising a plurality of sample processing

devices at the sample processing location.

43. The method of claim 42 wherein the sample processing devices are arranged

in an array configuratiou.

44. The method of claim 42 wherein the sample processing deovices are arranged

m 4 semi-circular array configuration about a cartridge loading assembly.

45. A method for processing a biological sanple, the method comprising:
retrieving mformation from an information storage umnit associated with a

cartridge configured for use with a sample processing device;
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loading the cartridge comprising one or more reagents and the sample vessel into
= & &

the sample processing device, wherein the loading comprises using a robotic manipulator
mounted on g transport having a thermally controlled storage arca housing a phurality of said

cartridges, cach cartridge having a sample from a ditferent subject.

46. A method of using a cartridge loading asscmbly.
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