wo 2016/033077 A1 [N I P00 000 OO O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/033077 Al

3 March 2016 (03.03.2016) WIPO I PCT

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
CO9K 5/06 (2006.01) AOIN 1/02 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
B65D 81/18 (2006.01) C12M 1/00 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. . HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(21) International Application Number: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
PCT/US2015/046744 MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(22) International Filing Date: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
25 August 2015 (25.08.2015) SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English

(84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available). ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ NA, RW, SD, SL, ST, SZ,
62/041,405 25 August 2014 (25.08.2014) US TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(71) Applicant: OPGEN, INC. [US/US]; 708 Quince Orchard DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Road, Gaithersburg, Maryland 20878 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Inventors: WALKER, George Terrance; 5480 Wiscon- SM, TR), OAPI (BF, B, CF, CG, CI, CM, GA, GN, GQ,

74

31

sin Avenue, Chevy Chase, Maryland 20815 (US). ROCK-
WEILER, Tony; 2001 N. Adams Street, Unit 829, Arling-
ton, Virginia 22201 (US).

Agents: KOZAKIEWICZ, Cynthia A. et al; Cooley
LLP, 1299 Pennsylvania Avenue, NW, Suite 700, Wash-
ington, District of Columbia 20004 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: SYSTEMS, METHODS, AND DEVICES FOR TEMPERATURE CONTROL

Container of
Tubes of e
Culture Broth

Panel of Solid n-Eicosane
{e.g., 3-mm Thick)

1204
Insulation
{2.g., 5/8-inch Thick Styrofoam™)

1206

Insulation
{e.g., 1.5-inch Thick Styrofoam™)
€ 1708

FIG. 12

(57) Abstract: Systems, methods, and devices are disclosed for improved temperature control, particularly within a predetermined
range of temperatures near or above varying ambient temperatures. Previously-unrealized advantages are recognized for maintaining
samples, particularly medical and/or biological specimens, at a temperature within a predetermined range of temperatures near or
above ambient temperature that selectively promote and/or selectively inhibit organism growth, organism viability, biochemical reac-
tions, and/or chemical reactions. Systems, methods, and devices may include at least phase change material selected and configured
to maintain a sample at a predetermined temperature range between about 22° Celsius and about 100° Celsius during a predeter -
mined time period.
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SYSTEMS, METHODS ANDDEVICES FOR TEMPERATURE CONTROL

CROSS-REFERENCE TO RELATED APPLICATIONS

{B001] This application claims a priority benefit of UK. Provisional Patent Application
No. 62/041,405, filed on August 25, 2014, and entitled “Systems, Methods, and Devices for

Temperature Control,” which application is incorporated herein by reference in s entirety.
TECHNICAL FIELD

{8602} The present disclosure relates gencrally to systems, methods, and devices for temperature
control, particularly maintaiming a sample at a teraperature within a predetermined range of
temperatures. More specifically, the present disclosure relates o systems, methods, and devices
for controlled temperature to selectively promote organism growth, organism viability,
biochemical reactions, and/or chemical reactions in organic and/or norganic samples, including
racdical and/or biological specimens and/or specimen cultures during storage and transport for

analytic, diagnostic, therapeutic, and/or monitoring purposes.
BACKGROUND

{8603 Organic and/or inorganic samples, including medical and/or bislogical specimens may be
collected, extracted, and/or prepared for various purposes, including analysis, diagnosis, therapy,
and monitoring of disease. For example, soroe samples way be collected with a swab {e.g,,
buccal or anal) and wiped across an agar plate, where, for example, bacteria from the swab may
grow as a microbiological culture. Medical specimens may also be saropled using, among other
techniques, biopsy, venipuncture, fingerstick or fingerprick, urination, stool test, etc., and then
collected, with or without culture media and/or inoculation, in vials, plates, Petrt dishes,
cartridges, or other appropriately-sized containers, which may be labeled and securely sealed to

avold contarnination and/or infection.

{#684] Organic and/or inorganic samples are often collected in field studies and must be
transporied to another stte (referred to herem as a “laboratory™), such as a microbiology,

chemistry, and/or cytology laboratory, for further processing, testing, and/or analysis. For
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example, after sampling and/or collection, medical specimens are often transported to a

laboratory, such as a voedical or clinical laboratory.
SUMMARY

{605] For best results, samples, particularly medical specimens, should be transported to a
laboratory as soon as possible after collection and not be exposed to extreme cold, excessive
heat, or too much sunlight during transport. However, the inventors have recognized and
appreciated that conditions for transporting samples can vary widely, depending on factors

including, but not limited to, travel distance/time, geographic location, scason, ete.

{4686} Delay can be a costly side-cffect of storing and/or transporting samples. Once a
laboratory receives a sample, particularly a microbiological specimen, further timae-consuming
processing and extraction techniques may be required. Some tests like microbial identification
and antibiotic susceptibility testing can be performed on a microbiological specimen without
much further processing, but many analytic, diagnostic, therapeutic, and/or disease monitoring
tests {¢.g., molecular genotyping assay analysis) require sclective amplification of target
rocroorganisros {and/or their DNA). Tmportantly, microorganisms/DNA have the disadvantage
of low sensitivity (i.c., high detection Hmits) for molecular genotyping assay analysis.
Therefore, laboratories emaploy techniques (¢.g., micro plate cultures) to select and arophify target
microorganisins (and thus the level of target DNA) in culture, thus increasing test sensitivity.
However, like transporting saroples, these techniques can be tiroe cousuming. Of course,
depending on laboratory demand and supply, samples may even need to be stored as partofa
backlog until laboratory resources are available to procecd with further processing and analysis.
{t 1s particularly important to minimize or find a way to utilize these delays when a specimen is
being tested to analyze, diagnose, treat, and/or monitor multi-drug-resistant microorganisms

betore infection spreads in a patient or population.

{8687] The inventors recognized and appreciated that one challenge for effectively and
efficiently storing and/or transporting samples is thermal protection, particularly from unwanted
heat absorption. Thermal protection substances {e.g., ice/water) have been used privoartly to
maintain samples at reduced temperatures that inhibit all microbiological growth and/or chemical

activity. However, this disclosure recognizes previously-unrcalized advantages to maintaining a
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sample at a temperature within a predetermined range of temperatures near or above ambient
temperature that do not inhibit or at least only selectively inhibit microbiological growth and/or

chemical activity.

{8088 In applications other than storage and transport of samples, some amount of heat is
maintained in an object/space for a desired time period by supplying either insulation to prevent
heat dissipation or a thermal energy source to resupply heat using conduction, radiation,
convection, ete.  Insulation merely slows the dissipation of heat and, depending on factors such
as surface arca, roay not maintain enough heat for the duration of a desired tivoe period.
Likewise, heated materials with high specific heat capacity (e.g., hot water bottles) are time-
fnited. Meanwhile, electric incubators or heating apparatuses are not limited by time, but do
require constant or at feast near-constant supply of electricity to maintain a heat supply. Finally,
chemical heat sources, such as disposable chemical pads, are typically limited to a one-time
exothermic chemical reaction. The most common chemical pads generate heat by flexing a
small flat disc of notched ferrous metal cmbedded in a supersaturated solution {of, ¢.g., sodium
acctate in water) to trigger exothermic crystallization of the solution into a hydrated salt {¢.g.,
sodium acetate trihydrate). Because chemical pads and other heat sources employ non-

equilibrium processes, their heat supply 18 not only time-himited but also nov-adjustable.

{8069] Thus, a nced remains for systems, methods, and devices for improved teraperature
control, particularly for maintaining a temperature within a predetermined range of temperatures
near or above ambient temperature. More specifically, a need remains for irnproved systems,
methods, and devices for maintaining the temperature of samples, particularly medical and/or
biological specimens, so as to cffectively and roore efficiently promote selective organisa
growth, organism viability, biochemical reactions, and/or chemical reactions during storage

and/or transport.

{8018} The present disclosure provides systems, methods, and devices for improved temperature
control, particularly for matutaining a tewperature within a predeterroined range of feroperatures
near or above ambient temperature. In particular, the inventors have recognized previously-

unrealized advantages to maintaining saraples, particularly medical and/or biological specimens,

at a temaperature within predetermined ranges of temperatures near or above ambient temperature
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that do not inhibit or at least only selectively inhibit microbiological growth and/or chemical
activity. Thus, improved systers, methods, and devices are disclosed for maintaining the
temperature of samples so as to effectively and more efficiently use storage and/or transport time
to selectively promote organisma growth, organism viability, biochemical reactions, and/or
chemsical reactions. By maintaining a temperature of a sample within a predetermined range of
temperatures, sorne embodiments avoid or at least counteract additional delay following receipt

and/or storage by a laboratory.

{8611} According to one erabodirnent, a system includes at least one pack having sealed therein
at least one phase change material selected and configured to maintain a predetermined
teraperature range between about 22 “Celsius and about 100 °Celsius during a predetermined
time period, and a structure configured to receive and retain the at least one pack. Inan
cmbodiment, the systern maintains at least one sample within the predetermined temperature
range during the predetermined time period. The structure may be further configured to receive
and retain the at least one saropic. The systern may proroote organism growth, organism
viability, a biochemical reaction, and/or a chemical reaction in the at least one sample during the
predetermined time period. The system may inhibit organism growth, organism viability, a
biochemical reaction, and/or a chemical reaction in the at least one sample during the
predetermined time period. The sample may be an inorganic sample or an organic sample. The

organtc sarople may be a biological specimen or a biclogical specumen culture.

{8012} [n an combodiment, the systera is used to at least one of store and transport the at least one
sample. The system may be further configured such that pre-analytical processing, analytical
testing, medical diagnostic testing, and/or medical therapy 1s applied to the at least one sample
during the predetermined time period. The predetermined time period may be a storage time
perigd and/or a transport time period. The structure may be insulated. The structure may include
polystyreue foam. The at least one pack may be pre-heated to an wnitial temperature, the 1oitial
temperature being approximately the same as a phase change temperature of one of the at least
one phase change material. The initial temperature may be the phase change temperatare

+/ 2 °Celsius. The phase change temperature may be the melting temperature of the one of the at

icast one phase change material, The nitial temperature may be about 40 °Celsius.
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{#613] In an embodiment, the system further includes a monitoring device including at least one
sensor. The at feast one sensor may be incorporated into the structure and/or the at least one
pack. The at least one sensor may be configured to be i contact with at least one sample within
the structure. The monttoring device may be adapted to at least one of record and transmit data
representative of signals from the at least one sensor. The data representative of signals from the
at least one sensor may include at least one of temperaturc-related data, location-related data,
pressure-related data, radiation-related data, and shock-related data. The at least one sensor may
include a thermometer, a thermistor, a thermocouple, a global positioning system {GPS}) receiver,
a global navigation satellite system {(GNSS) receiver, a transducer, a radiometer, a dosimeter,

and/or an accelerometer.

{#614] In an embodiment, the predetermined temperature range may be between about

33 °Celstus and about 41 “Celsins. The predetermined temperature range may be 37 “Celsius
+/-2 °Celsius. The predetermined time period may be between about 2 hours and about 12
hours, between about 12 hours and about 24 hours, between about 24 hours and about 48 hours,

between about 2 days and about T weck, and/or between about 1 week and about 1 month.

G615} Iv an cmbodiment, the at least ove phase change material includes a paraffin, a fatty acid,
a salt hydrate, a cutectic composition, a cross-linked polyethylene, and/or a polyalcohol. The at
lcast one phase change matenial may 1oclade #-Hicosane., The n-Eicosane voay be inttially tn a

substantially liquid phase. The at lcast one phase change material may inchade heneicosane. The

heneicosane may be mnitially in a substantially solid phase.

{8016} In another cmbodiment, a systern includes a structure including at least one phase change
material selected and configured to maintain a predetermined temperature range between about
22 °Celsius and about 100 “Celsius during a predetermined time period. The at least one phase
change material may be encapsulated 1o at least one corapartment integrated into the structure.

The at least one phase change material may be a thermal composite integrated into the structure.

18617} In another embodiment, a device for promoting and/or inhibiting organism growth,
organtsm viability, a biochemical reaction, and/or a chemical reaction in at least one sarople
includes at least one phase change material encapsulated by an inert material, the inert material

being selected and contfigured to recetve and retain at least one sample, the at least one phase

N
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change material being selected and configured to maintain the at least one sample within a
predeternuned teraperature range between about 22 “Celstas and about 100 °Celsius during a
predetermined time period, such that organism growth, organism viability, a biochemical
reaction, and/or a chemical reaction is promoted in the at least one sample during the
predetermined time period. The at least one sample may be retained in culture media. The
culture media may inclade at least one antibiotic for selection of Gram-negative carbapenamase
resistant enterobacteriacae (CRE). The culture woedia may juclade at least one Gram-postiive
bacterium inhibitor for selection of at least one of Gram negative-CRE and Extended Spectrum
Beta-lactamase (ESBL) bacteria. The at least one Grars-positive bacterium inhibiior roay be a

pH indicator and/or a bile salt.

{#618] In an embodiment, a pack for promoting and/or inhibiting organism growth, organism
viability, a biochernical reaction, and a chemical reaction in at least one sample during storage
and/or transport includes a container with at least one internal compartment having sealed therein
at least one phase change material selected and configured to maintain the at least one sample
within a predeterroined temperature range between about 22 °Celsius and about 100 “Celsius
during a predetermined time period, such that organism growth, organism viability, a
biochemical reaction, and/or a chemical reaction 1s promoted in the at feast one sample during
the predeternined time period. The container may inclade at least one first internal compartment
and at least one second nternal compartment. The at least one fivst internal comparttoent wmay
have n-Eicosane sealed therein, and the at east one second internal compartiment may have

heneicosane sealed therein,

{6619} In an embodiment, a method for controlling teraperature inchudes sealing, within a
structure, at least one pack having sealed therein at least one phase change material selected and
configured to maintain a predetermined temperature range between about 22 °Celsius and about
100 °Celsius during a predetermined time period, and maintainiog the predetermined teroperature

range during the predetermined time period.

{¢628] In an embodiment, a method is disclosed for using at least one phase change material to
roaintain at least one sample within a predetermined temperature range higher than ambicnt

temperature during a predetermined time period, wherein the at least one phase change material

6



WO 2016/033077 PCT/US2015/046744

is selected and configured to promote at least one of organism growth, organism viability, a
biochemical reaction, and a chernical reaction 1 the at least one sample. The at least one phase
change material may be selected and configured to promote microbiclogical organism growth.
The predetermined tirac period may be an estimated time period for storing and/or transporting

the at least one sample.

{60321] In an embodiment, a method is disclosed for using at least one phase change material to
maintain at least one sample within a predetermined temperature range lower than ambient
temperature during a predetermained fime peniod, wherein the at least one phase change material
is selected and configured to promote organism growth, organism viability, a biochemical
reaction, and/or a chemical reaction in the at least one sarople. The at lcast one phase change
matertal may be selected and configured to promote microbiological organism growth. The
predeternuned time period maay be an estimated tivac period for storing and/or transporting the at

least one sample.

{80221 In an embodiment, a method is disclosed for using at least one phase change material to
maintain at least one sample within a predetermined temperature range between about

22 °Celsius and about 100 °Celsius doring a predetermoined time period, wherein the at least one
phase change material is seiected and configured to promote organism growth, organism
viability, a biocheruical reaction, and/or a chemical reaction in the at least one sarople wmethod of

using at least one phase change material to maintain a temperature of at least one sample.

{8023} It should be appreciated that all combinations of the foregoing concepts and additional
concepts discussed in greater detail below (provided such concepts are not mutually inconsistent)
arc contemplated as being part of the inventive subject matter disclosed herein. In particular, all
combinations of claired subject matter appearing at the end of this disclosure are contemplated
as being part of the inventive subject matter disclosed herein. It should also be appreciated that
terminology explicitly employed herein that also may appear in any disclosure incorporated by
reference should be accorded a meaning most consistent with the particular concepts disclosed

herein.

{#624] Other systems, processes, and features will become apparent to those skilled in the art

upon examination of the following drawings and detatled description. It is intended that all such
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additional systems, processes, and features be included within this description, be within the

scope of the present invention, and be protected by the accompanying claivus.
BRIEF DESCRIPTION OF THE DRAWINGS

{0025] The skilled artisan will understand that the drawings primarily are for tlustrative
purposes and are not intended to limit the scope of the inventive subject matter described herein.
The drawings arc not necessarily to scale; in some instances, various aspects of the inventive
subject matter disclosed herein may be shown exaggerated or enlarged in the drawings to
facilitate an understanding of different features. In the drawings, like reference characters

generally refer to like features (e.g., functionally similar and/or structarally similar elements).

18626} FIG. 1 18 a photograph illostrating a system or kit for storing and/or fransporting samples

in accordance with some embodiments.

{18027 FIGS. 2-6 are flow diagrams ilhustrating processes for collecting and transporting samples

for further testing and analysis in accordance with some cmbodiments.

{8028} FIG. 7 1s 5 plot of temperature mside a carrier for storing and/or transporting sarples as a

function of time in accordance with some embodiments.

16629} FIGS. R-10 are flow diagrams illustrating processes for incubating specivaen culture

plates for further testing and analysis in accordance with some embodiments.

{#038] FIG. 11 is a scries of photographs illustrating specimen culture plates after an incubation

period in accordance with sowe erobodiments.

{6631} FIG. 12 18 a diagraro illustrating a carrier for storing and/or transporting & sarmplc in

accordance with some embodiments.

18032] FIG. 13 is a plot of temperature inside the carrier of FIG. 12 as a function of time in

accordance with some embodiments.
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DETAILED DESCRIPTION

{4033} The present disclosure provides systems, methods, and devices incorporating phase
control materials for improved tomperature control, particularly for maintaining a termperature
within a predetermined range of temperatures near or above ambient temperature. More
specifically, the present disclosure recognizes previously-unrealized advantages to maintaining
organic and/or inorganic samples at a terperature within predetermined ranges of temperatures
near or above ambient temperature that do not inhibit or at least only selectively inhibit
roicrobiological growth and/or chemical activity. Thus, aproved systems, methods, and devices
incorporating phase control materials are disclosed for maintaining the temperature of samples so
as to effectively and more ethciently use storage and/or transport time to selectively promote
organism growth, organism viability, biochemical reactions, and/or cherical reactions. By
roaintaining 8 temperature of a sample within a predetermined range of temperatures, some
embodiments avoid or at least counteract additional delay following receipt and/or storage by a

iaboratory.

18034} One or more phase change materials may be selected and incorporated into the disclosed
systeros, methods, and devices in sufficient quantities to maintain a temperature within
predetermined ranges of temperatures for predetermined time periods. The disclosed systems,
roethods, and devices may be moditied to achieve a particular temperature range and/or tiroe
perigd. The temperature range and/or time period may be selected to selectively promote (and/or
inhibit) organism growth, organism viability, biochemical reactions, and/or chernical reactions.
For example, one or more phase change materials may be selected in particular quantities to
roaintain g temperature within a range of temperatures predeternuned to selectively promote
amplification of a target type of organism {and potentially inhibit another type of organism) in a
specimen culture over a time peried (e.g., between 2 hours and 1 week) commensurate with
and/or necessitated by storage and/or transport of the specimen. As a result, the level of the
target type of organisms and/or ratio of target organisms to non-target organism is effectively
and efficiently mereased without requiring further amplification {and additional delay) following

the storage and/or transport of the specimen.



WO 2016/033077 PCT/US2015/046744

Phase Change Materials

{#635] Phase change materials are sustainably reusable because they reversibly undergo
solid/hguid transitions, during which they cither absorb or release heat to reach equilibrium.
According to some embodiments, phase change materials can be incorporated into insulated or
non-insulated containers or packs in order to absorb heat frorn or release heat to surrounding
matertals, including organic and/or inorganic samples. While some substances {e.g., ice/water)
are commoniy used to maintain samples at reduced temperatures that inhibit microbiological
growth, phase change materials have not been utihzed to release heat to maintain temperatures
within ranges near or above ambient temperature (e.g., 22 °Celsius to 100 °Celsius), particularly
teraperatures that have been predetermined to selectively promote (and/or inhibit) organism

growth, organism viability, biochemical reactions, and/or chemical reactions.

{#836] According to some embodiments, one or more phase change materials are incorporated
mto systems, methods, and devices to etfectively and efficiently store and/or transport samples
while providing thermal protection, ¢.g., by absorbing unwanted heat from the environment.
Some phase change materials deseribed herein may be selected and used to maintain samples at
reduced temperatures that inhibit all microbiological growth and/or chemical activity. However,
this disclosure recognizes previously-unrealized advantages to maintaining a sample at a
temperature within a predetermined range of temperatures near or above ambicut temperature
that do not inhibit or at least only selectively inhibit microbiological growth and/or chemical
activity. Unlike icc/water and other substances that absorb heat while changing from solid to
liquid at higher temperatures, some phase change materials described herein release heat while
changing from liquid to solid at lower teraperatures. Thus, an object/space can be maintained at

a higher temperature for a desired time period using the phase change equilibrivm process.

186371 Compared to other thermal energy sources {e.g., materials with high specific heat
capacity, electric incubators or heating apparatuses, and chemical reactions}, phase change
materials provide a sitaple, robust, and inexpensive way to adjust and roaintain samples at or

near constant temperature regardless of changes in ambient temperature, ¢.g., during shipment.

{838} Because phase change materials cycle between solid and liquid phases, encapsulation is

preferred. For example, microscopic-sized particles of phase change materials may be coated to

10
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form beads and, in some embodiments, suspended within a continuous phase such as water (i.e.,
a phase change slurry). Alternatively, molecular-encapsulation allows a very high concentration
of phase change material within a polymer compound as well as drilling and cutting through the

material without the phase change material leaking,

10039} Phase change materials may also be combined with other solid structures (porous if the
phase change material is required to flow} to form thermal-composite materials, such as copper-
mesh immersed in a paraffin wax. The inclusion of thermal compeosites may increase bulk
thermal conductivity by addimg a highly conducting solid (e.g., copper-mesh) into a relatively

low conducting phase change material {¢.g., paraffin wax).

18048} Phase change materials often perform best in small packages. Accordingly, phase change
materials may be divided into small packages or cells within larger packages. The packaging
material may be selected to conduct heat well, withstand frequent volure changes as phase
changes occur, and/or restrict the passage of water, lcakage of phasc change matenials, and/or
corrosion. Common packaging materials showing chemical compatibility with room teraperature
phase change materials include but are not limited to stainless steel, polypropylene, and

polyolefin.

{64 1] Phase change materials may be incorporated into systems, methods, and devices of the
present disclosure in different ways including, but not limited to, the following embodiments.
For example, one or more phase change materials may be inserted and/or incorporated into a
storage and/or transport container. Phase change materials may be integrated with the
packaging, for instance, in the walls of the container and/or compartments or other structures
formed within the container {e.g., a rack configured to receive sample collection containers).
More simiply, one or more phase change materials could be scaled in modular packs (e.g., in

bottles or zipper storage bags) that can be inseried into a storage and/or transport contaiver.

{8642} Aliernatively, one or more phase change materials may be inserted and/or incorporated
into a sample collection container like a vial (¢.g., molded into the typically concave bottom or
encapsulated with an inert material as a sroall bead that can be nserted into the vial and even be
magnetic and/or shaped to promote stirring/mixing in the vial). One or more phase change

rnaterials also may be incorporated into 4 sample coliection device like a swab (¢.g., in the swab

It
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shaft) or even embody the sample collection device {e.g., encapsulated with an inert material,

sach as a small bead that can be, ¢.g., 1nserted and then removed from a subject’s mouth),

{6643} If roore than one phasc change material is used, the phase change materials may be
incorporated into and/or stored in different compartments of the same container, pack, or device,
or incorporated into and/or stored in different containers, packs, or devices. For erabodiments in
which the phase change materials are to be pre-heated, the container(s), pack(s}, or device(s)
incorporating and/or storing the phase change materials may be designed to be compatible with a

heating device, including as part of a larger system.

18644} FIG. 1 18 a photograph illustrating a system or kit for storing and/or fransporting one or
more samples in accordance with some embodiments. A phase change material pack 100 18
packed into the internal cavity of an msulated carrier 102 {c.g., a Styrofoarn™ cooler), which is
also configured to hold the samples during shipment. According to some embodiments,
msulation 18 used to further prevent heat absorption and/or dissipation; however, insulation 18 not
always necessary. Likewise, according to some embodiments, one or more phase change
materials are pre-heated to a temperature at or near a phase change temperature of the one or
more phase change roaterials; however, pre-heating s not always necessary. A phase change
temperature of a phase change material is an approximate temperature at which the phase change
roaterial chavges phase, ¢.g., from solid to hiquid or vice versa (1.¢., the melting teraperature of

the phase change material is a phase change temperature).

{8045} Phase change materials melt at very specific temperatures. For example, #-Eicosane,
which is a paraffin, melts at about 37 °Celsius. According to some embodiments, when a sample
is packed in an insulated carrier {e.g., a Styrofoam™ cooler) along with a container or pack of
fiquid n-Eicosanc heated to about 39 “Celsius, the n-Eicosane will begin to solidify and release
heat to maiotain the sample at about 37 °Celsius. Thus, phase change materials can be used to

defend samples from cold exposure {¢.g., winter transport conditions).

18046} Phase change materials can also be used to protect microorganisms from high ambient
teraperatures. For example, #n-Heneicosane melts at about 39-41 °Celsius. According to sorue
embodiments, when a sample is packed in an insulated carrier (g.g., a Styrofoam™ cooler} along

with a container or pack of solid n-Heneicosane at about 39 °Celsius and the package is exposed

12
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to clevated ambient temperatures, the solid n-Heneicosane will absorb heat as it melts and

protect the sample from high heat exposure {e.g., summer transport conditions).

166471 Morc than one type of phase change material may be incorporated in one embodiment.
For example, a phase change material that absorbs heat while changing from solid to liquid at a
higher temperature {e.g., about 60 °Celsius) may be combined with a different phase change
material that releases heat while changing from liquid to solid at a lower temperature {¢.g., about
40 °Celsius). In this way, a temperature may be maintained between the two melting points
regardiess of fluctuations i ambient temperature., There is a large continaum of different pairs
of phasc change materials that may be sclected based on melting temperature to maintain a
teraperature withio a predetermined range of teraperatares that selectively promotes (and/or

inhibits} organism growth, organism viability, biochemical reactions, and/or chemical reactions.

{848} For example, to account for variable conditions of mesophilic bacteria (i.e.,
roicroorganistos such as some species of bacteria , fungi , and cven some archaca that are best
active at median teraperatures), an embodiment can initially incorporate both hquid #-Eicosane
and solid n-Heneicosane at about 39 °Celsius to protect from heat loss or heat gain during
storage and/or transport. For example, the n-Eicosane and n-Heoeicosane may be mcorporate
into and/or stored in different compartments of the same container, pack, or device, or

incorporated nto and/or stored in different containers, packs, or devices.

18649} A large number of other phase chavge materials also melt at specific temperatures 1o any

required temperature range from -5 “Celsius up to 190 “Celsius, mcimim;@ other organic pha%c

e
s

change materials like other paraffing {

phase change materials like salt hydrates (3

polyethylene, and polyalcohols.

{#058] Some non-limiting cxamples of phase change materials that may be incorporated into
some embodiments mclade sodiam sulfate (Na2SO4- 10H20), NaChNalZS04 - 10H20, lauric
acid, TME{63%w/wi+H20(37%w/w), Mn(NO3)2-6H2C+MnCI2-4H20(d%w/w),
Na28i03-5H20, Paraffin 14-Carbons, Paraffin 15-Carbons, Paraffin 16-Carbons, Paraffin 17-
Carbons, Paraffin 1¥-Carbons, Paraffin 19-Carbons, Paraffin 20-Carbons, Paraffin 21-Carbons,

Paraffin 22-Carbons, Paraffin 23-Carbons, Paraffin 24-Carbons, Paraffin 25-Carbons, Paraffin
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26-Carbons, Paraffin 27-Carbons, Paraffin 28-Carbons, Paraffin 29-Carbons, Paraffin 30-
Carbons, Paraffin 31-Carbons, Paraffin 32-Carbons, Paraffin 33-Carbons, Paraffin 34-Carbons,
formic acid, caprilic acid, glycerin, p-lattic acid, methyl palmitate, camaphenilone, docasyl
bromide, caprylone, phenol, heptadecanone, [-cyclohexylooctadecane, 4-heptadacanone, p-
joluidine, cyanamide, methyl etcosanate, 3-heptadecanone, 2-heptadecanone, hydrocinnamic
acid, cetyl acid, g-nepthylamine, carphene, o-nitroantline, 9-heptadecanone, thymol, methyl
behecoate, diphenyl amine, p-dichlorobenzene, oxalate, hypophosphoric acid, o-xylene dichloride,
B-chloroacetic acid, chloroacetic acid, nitro naphthalene, trimyristin, heptaudecanoic acid, o~
chloreacetic acid, bee wax, glyolic acid, glycolic acid, p-bromophenol, azobenzene, acrylic acid,
dinto toluent, phenylacetic acid, thiosinamine, bromcamphor, durene, benzylamine, methyl
brombrenzoate, g-napthol, glantaric acid, p-Xylene dichloride, catechol, quinone, acetanilide,
succinic ashydride, benzoic acid, stilbene, benzamide, acetic acid, polyethylene glycol 600,
capric acid, cladic acid, pentadecanoic acid, tristearin, myristic acid, palmatic acid, stearic acid,
acetamide, and methyl fumarate. Thus, depending on the embodiment, other phase change
rnaterials or pairs thereof may be selected and incorporated to control temperature to, for
example, selectively promote {and/or inhibit) organisro growth, organism viability, biochemical
reactions, and/or chemical reactions. Table 1, below, lists approximate melting temperatures for

somie exevaplary but von-limiting phase change matenals according to some embodiments.

TABLE 1
-Cyclohexylooctadecane

2-Heptadecanone 48
3-Heptadecanone 48
4-Heptadacanone 41
9-Heptadecanone 51
Acetamide 81
Acetic acid 16.7
Acrylic acid 68
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Acetanilide 1189
a-Chloroacetic acid 61.2
g-Nepthylamine 59
g-Napthol 96
Alaminum 660.32
Azobenzene 67.1
Bee wax 61.8
Benzamide 127.2
Benzoic acid 121.7
Benzylamine 78
B-Chloroacetic acid 56
Bromcamphor 77
Camphene 50
Camphenilone 39
Capric acid 36
Caprilic acid [6.3
Capryloue 44
Catechol 104.3
Cetyl acid 493
Chloroacetic acid 56

Copper 1,084.62
Cyanamide 44
Dhanto toluent (2,4) 70
Diphenyl amine 529
Docasyl bromide 40
Duarene 79.3
Eladic acid 47
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Forrmic acid 7.8
Glautaric acid 97.5
Glycerin 17.9
Glycolic acid 63
Glyolic acid 63

Gold 1,064.18
Heptadecanone 41
Heptaudecanoie acid 60.6
Hydrocinnamic acid 48
Hypophosphoric acid 55

Iron 1,538
KNG3 337
KNO3(10% Y NalNQO3 290
KNO3/KBr(4.7%) 342
KCH7.3%)

KNQO3/ KCK4,5%) 320
KOH 360
Lauric acid 442112}
Lead 327.46
Lithium 180.54
Methyl brombrenzoate 81
Methyl behenate 52
Methy] eicosanate 45
Methyl! fumarate 102
Methyl palmitate 29
Mn{NO3)2-6H20 15-25
+MnCL2 4H20(4% w/w)

Myristic acid 58

16
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MNa2Si103-5H20 72.2
NaCl{(26.8%) NaOH 370
NaCl{42.5%)y KCI{20.5)/ 3¥5-393
MgCli2

NaCl{5.0%) NaNQ3 282
NaCl{(5.7%) NalNQ3 287
{85.5%)/ Na2S04

NaCl/NaNO3 (5.0%) 284
NaCl/ KCL{32.4%)Y/ 346
LiCH32.8%)
NaChNa2804-10H20 IR
NaNO2 282
NaN(O3 310
NaOH 318
Na(OH/ Na2C03 (7.2%) 283
Nitro napthalene 56.7
O-Nitroaniline 50
(3-Xylene dichloride 55
Oxolate 54.3
p-Bromophenol 63.5
p-Dichlorobenzene 53.1
p-Joluidine 433
p-Lattic acid 26
p~Xylene dichlonde 100
Palmatic acid 53
Paratfio 14-Carbons 5.5
Paraffin 15-Carbons 10
Paraffin 16-Carbons 16.7
Paraffin 17-Carbons 217

~3
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Paraffin 18-Carbons 28
Paraffin 19-Carbons 32
Paraffin 20-Carbons 36.7
Paraffin 21-Carbons 43.2
Paraffin 22-Carbons 44
Paraffin 23-Carbons 47.5
Paraffin 24-Carbons 50.6
Paraffin 25-Carbons 49.4
Paraffin 26-Carbons 56.3
Paraffin 27-Carbons 58.8
Paraffin 28-Carbons 61.6
Paraffin 29-Carbons 63.4
Paraftin 30-Carbons 65.4
Paraffin 31-Carbons 68
Paraffin 32-Carbons 69.5
Paraffin 33-Carbons 73.9
Paraffin 34-Carbons 75.9
Pentadecanoic acid 52.5
Phenol 41
Phenylacetic acid 76.7
Polyethylene glycol 600 20
{Juinone 115
Stlver 961.78
Sodium 324
sulfate (Na2S04-10H20)

Stearic acid 69.4
Stibene 124
Succinic anhydride 119
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Thiosinamine 77
Thymol 51.5
Titanium 1,668
TME(63%w/w) 29.8
+H2O0{37%w/w)

Trimyristin 33
Tristearin 56
Water g

Zing 419.53

Monitoring Devices

{8051} According to some embodiments, one or more monitoring systems and/or monitoring
devices with one or more sensors may be used with some embodiments to store and/or transmit
usctul information including, but not limited to, teraperature data, location {e.g., GPS) data,
pressure data, radiation data, shock data, and other storage or transport conditions. Real-time
roonitoring can minirnize damage and/or loss by allowing for carly corrective action, for
example, while a sample is in storage or being transported. A monitoring device may include
one or more processors adapted for monitoring, for example, temperature levels; memory
including, for example, either or both randow access memory (RAM) and read-ouly mewory
{ROM); programmable logic; a sensor interface; and/or a communications module including, for
example, a transceiver VO, configured to transmit and/or receive sensor data. Throughout
storage and/or transport, sensor data representative of the sensor signals may be recorded and/or
transmitted, either continuously or when unexpected conditions occur {e.g., 8 temperature level
signal falls outside predetermined thresholds. An automatic alert may be sent to the sender’s

{c.g., a field technician’s) and/or the recipient’s {c.g., a laboratory’s) computer.

{#052] The sensor of the monitoring device may be incorporated into systems, methods, and
devices of the present disclosure i different ways wncluding, but not livatted to, being inserted in,

fastened to, and/or otherwise integrated with a storage and/or transport container; inserted in,
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fastened to, and/or otherwise integrated with a sample collection container; or even inserted in,
fastened to, and/or otherwise integrated with a sample collection device like a swab {e.g., in the

swab shaft).

{8053} In a preferred embodiment, a monitoring device is provided with the system to store
and/or transmit temperaturc-related data. A monitoring device may utilize a range of cffects to
measure temperature levels such as chemical, electrical, and/or mechanical sensors. A
monitoring device may include a mercury-in-glass thermometer, a Galileo thermometer, an
alcohol thermometer, a liguid crystal thermometer, an mfrared thermometer, a recording

thermometer, a thermistor, a thermocouple, and/or another means of temperature/heat sensing.

18054} In some embodiments, a monitoring device is provided with the system to store and/or
transmit position or location-related data using any device that can determinge its geographical
location. For example, a monitoring device may include a global posttioning system (GPS)
receiver or a global navigation satellite system (GNSS) receiver. A GPS recetver may provide,
for example, any standard format data stream, such as a National Marine Electronics Association
(NMEA) data stream, or other data formats. In other embodiments, a monitoring device may
include any device or mechanism that may deternune location by any other rocans, such as
performing triangulation by use of cellular radiotelephone towers. A varicty of geographic
location information may be requested by a processor and provided by a GPS module to the
processor including, but not limited fo, time {coordinated universal time-UTC), date, latitude,
north/south indicator, longitude, cast/west indicator, number and identification of satellites used
in the position solution, number and identification of GPS satellites in view and their elevation,
azimuth and SNR values, and dilution of precision values, Accordingly, it should be appreciated
that in some embodiments a monitoring device may provide a wide variety of geographic

information as well as timing information (e.g., one or more time stamps).

18055} In further embodiments, a monitoring device is provided with the systen to store and/or
transmit pressure data, radiation data, and/or shock data. A monttoring device may utilize a
range of effects to measure pressure levels, including converting pressure to some intermediate
form such as displacerent, which can then be converted into an electrical output such as voltage

or current. A pressure seunsor may include a strain gage transducer, a variable capacitance
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transducer, a piezoclectric transducer, and/or another means of pressure sensing. Likewise, a
roonitoring device may atilize a range of effects to rocasure levels {(e.g., radioactivity, radiation
exposure, and/or radiation absorption) of tonizing radiation and/or nonionizing radiation, such as
electromagnetic radiation (including visible light). A radiation sensor may mclude a radiometer,
a roentgenometer, a Geiger counter, a microR meter, a multichanne! analyzer, an ionization
chamber, a neutron REM meter, a radon detector, a hiquid scintillation counter, a proportional
counter, a film badge, a thermolurinescent dosimeter badge, an optically stiroulate
luminescence badge, and/or another means of radiation detection. A monitoring device may also
utilize a range of effects to weasure shock pulses and/or vibration levels, using, for example, a
piczoelectric aceelerometer, a piczoresistive accelerometer, and/or another means of shock

sensing.
Culture Media

18656} According to somc ernbodiments, as temperature 1s roaintained to selectively promote
{and/or inhibit} organism growth, organism viability, biochemical reactions, and/or chemical
reactions, one or more of these goals may be furthered by inclusion of culture media, nutrients,
reagents, or other substances. For exarople, culture media containing antibiotics way be added to
a specimen container for selection of Gram-negative carbapenamase-resistant enterobacteriacas
(CRE), such as Escherichia coli {E. coliy. Culture roedia may also coutain, for exaraple, bile
salts and/or some other Gram-positive bacterium inhibitor to increase the ratio of Gram negative
CRE and/or Extended Spectrumm Beta-lactamase (ESBL) bacteria during transport. Braim Heart
Infusion (BHI) Broth and/or Tryptic Soy Broth {TSB) may be included to promote growth of
racsophilic bacteria in a sample. In some embodiments, cukaryotic cells may be added to tissue
cultures to promote growth of viruses. A substance may also be included to monitor organism
growth, cherical reaction rates, levels of waste products, and/or other sample conditions
including, but not hmited to, pH indicators, radioactive 1sotopes, chernicals that change color in
response to temperature change, chemicals for color-change biochemistry assays and analysis of
optical absorption and evmssion spectra, and DNA probes that produce signal changes upon

biological amplification.
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Move Efficient Analysis, iagnosis, Therapy, and Monitoring

G657} Delay can be a costly side-cffect of storing and/or transporting samples. Once a
iaboratory receives a samaple, further storage and/or time-consuraing processing and extraction
techniques may be required. However, by using storage and/or transport time to selectively
promote {and/or inhibit) organist growth, organism viability, biochemical reactions, and/or
chemical reactions, some embodiments minimize or at least utilize these delays. FIGS. 2-6 are
flow diagrams illustrating processcs for collecting and transporting samples for further testing

and analysis in accordance with some embodiments.

{8658} According to some embodiments, the promotion (and/or inhibition) of organism growth,
organism viability, biochemical reactions, and/or chemical reactions in a sample can be effective
toward and/or increase the efficiency of analytic, diagnostie, therapeutie, and/or discase
monitoring applications inchuding, but not limited to, measurements and analysis of turbidity,
oxygen consumption, carbon dioxide production, viscosity, and/or blood cultures; pH-dependent
fluorescence or colorimetric changes; immumoassays; molecular diagnostics {PCR-based or non-
PCR-based}; and DNA sequencing, cither as an extension of what might have been an
isolate/pure sample or as a metagenomic study to identify more prowinent genovoes vonder

different conditions.
{#059] The following examples further illustrate some embodiments.
Example 1

{#8368] Two Nalgene® bottles (available from Nalge Nunc, Rochester, NY), each containing 250
grarus of 99% pure eicosanc (available as Aldrich 219274-500G from Sigma-Aldrich (St. Louis,
M(}}, were warmed above 36 “Celsius. The warmed bottles (and their contents) were placed in
a carrier box comprising 3-inch thick walls of Styrofoara™ insulation (available from Dow
Chemical Company (Marlborough, MA}) on all sides, top, and bottom, closed to form an internal

storage volume of 5 x 3 x 3.5 inches.

(#0661} FIG. 7 is a plot of temperature inside a carrier for storing and/or transporting samples as a
function of ime n accordance with some embodiroents. As shown 1o FIG, 7, the temperature of

the internal storage volume was monitored as when the carrier box was stored at the following
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ambient temperatures: (1) room temperature, 1.¢., about 23 *Celsius; (i1} about 4 “Celsius, and
(i1} about ~18 “Celsius. When the carrier box was stored at (1) room temperature, the
temperature 700 of the internal storage volume was maintained at about 36 “Celsius for
approximately 35 hours. When the carrier box was stored at {i1) about 4 °Celsius, the
temperature 702 of the internal storage volume was maintained at about 36 °Celsius for
temperature 704 of the mterval storage volume was mantained at about 36 “Celsius for

approximately 6 hours.
Example 2

18062} FIGS. 8 and @ are flow diagrams illustrating processes for incubating specimen culture
plates for further testing and analysis in accordance with some embodiments. Anal swabs were
collected from healthy human volunteer subjects using BD ESwabs, which are flocked applicator
swabs stored n polypropylene screw-cap tube filled with 1 mL of modified Liquid Aroies
Medium {(available as BD 220243 from BD Diagnostics (Sparks, MD}). For the method shown
in F1G. 8, the modified Liquid Amies Medium was replaced with 1 mL of Brain Heart Infusion
{BHI) Broth {available as B9993 from Teknova (Hollister, CA)). For the maethod shown in FIG.
9, the media was instead replaced with Tryptic Soy Broth (TSB) (available as Remel™ RO7222
from Thermo Fisher Scientific (Lenexa, K8)). Clean swabs were prepared in a similar manner as

control samples.

{80631 As in steps R00 and 900, the resultant swab samples were spiked with indicated levels of
Kiebsiella pneumoniae, a Gram-negative bacterium that harbors the antibiotic resistance gene
KPC. Spiked levels of K. preumoniae were determined through parallel counting of colony
forming units {CFUs) on blood agar plates (BD BBL™ Trypticase™ Soy Agar with 5% Sheep
Blood (TSA H™) (20/sp) or BD BBL™ Trypticase™ Soy Agar with 5% Sheep Blood (TSA
HI™M) (100/sp), available as BD 221239 or 221261 from BD Diagnostics (Sparks, MD}). Half of
a BBL™ Sensi-Disc™ Antimicrobial Susceptibility Test Disc with 30/10 mcg
ceftazidime/calvulanic acid (available as BD 231753 from BD Diagnostics (Sparks, MD)) was

added to some of the swab samples 1n the method iHustrated by FIG. 8, as indicated in Tabic 2.

b2
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{#064] The swab samples were placed either in a commercial incubator at about 37 “Celsmus or in
the Styrofoam™ carvier from Example 1, as in steps 802 and 902, with two Nalgene® bottles,
cach containing 250 grams of 99% pure cicosane, that were pre-warmed to about 40 “Celsius or
39 °Celsius. The Styrofoam™ carricr was stored in a freczer at about -18 “Celstus to simulate

winter transport conditions.  All swab samples were ineubated for about 9 hours.

{#865] Following incubation, in steps 804 and 904, SO0 plb. of the BHI Broth from each swab
sample underwent automated extraction of bacterial DNA using the MagiNA Pure™ 96
Instrument {available from Roche Diagnostics (Indianapohis, IN)), which rendered 100 pL of
extracted DNA. The extracted DNA samples were analyzed in steps 806 and 906, using real-
tirae PCR and detection for the KPC gene using the BioMark™ HD System with the 192.24
Drynamic Array™ Integrated Fluidic Circuit (IFC), a microfluidic array capable of analyzing 192
samples with 24 PCR assays (both available from Fluidigm (South San Francisco, CA}Y). The
number of mitially spiked K. preumoniae genomes per PCR without culture growth is
vanishingly small as indicated in the tables below because only 2.6 nb from cach 100 yL sample

of extracted DNA were analyzed by PCR using the BioMark™ HD System.

[80366] As shown in Table 2, for the method illustrated in FIG. B, as foew as 2 to 139 intially
spiked K. preumoniae genomes were detected per clean swab samplce after storing the clean
swab samples without antibiotic in the Styrofoara™ carrier at -18 °Celsius for 9 howrs. This
matches the sensitivity for the spiked anal swab samples without antibiotic that were incubated
for 9 hours in a commnercial incubator at 37 °Celsius, as shown in Table 3. As shown in Table 2,
as foew as 139 inttially spiked & preumoniae genomes per anal swab sample were detected after
storing the anal swab samples with antibiotic in the Styrofoam™ carrier at -18 °Celsius for 9

hours.



WO 2016/033077

TABLE 2

PCT/US2015/046744

>300 3.9E-03 posifive 11 posiiive 22

139 1.8E-04 positive 12 POositive 14

7 9.0E-05 positive 14 negative negative

2 2.6E-05 positive I8 negative negative

{ 0 negative negative negative negative

neg. control negative negative negative negative
TABLE 3

>300 3.9E-03 positive 11
139 1.8E-03 positive i1
7 9.0E-05 positive i3
2 2.6E-05 positive 22
g 0 negative negative
neg. control negative negative

10067} As shown in Table 4, for the method tllustrated in FIG. 9, as fow as 1 to 91 mitially

spiked K. preumoniae genomes and as few as 62 initially spiked vancomycin enterocci (VRE),
specifically Van-A cnterocet (resistant to vancomycin and teicoplanin}, were detected per clean

swab sample after storing the clean swab samples without antibtotic in the Styrofoam™ carrier

at -18 °Celsius for ¢ hours.

o
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TABLE 4

81 14 62 22

14 17 i1 negative
1 22 0 negative
0 negative O negative

Example 3

{#068] FIG. 10 is a flow diagram illustrating processes for incubating specimen culture plates for
further testing and analysis in accordance with some embodiments. In step 10040, a glycerol
stock of K. preumonice was streaked for isolation on bloed agar plates (BD BBL™ Trypticase™
Soy Agar with 3% Sheep Blood (TSA 1™ (20/sp) or BD BBL™ Trypticase™ Soy Agar with
5% Sheep Blood (TSA 1™} (100/sp}, available as 221239 or 221261 from BD Dhagnostics
{Sparks, MD}). In step 1002, one blood agar plate was placed in a Styrofoarn™ carrier similar to
that described in Example 1, with two Nalgene® botiles, each containing 250 grams of 99% pure
eicosane, that were pre-warmed to about 39 “Celsius. Meanwhile, a second blood agar plate
{i.c., the positive coutrol) was placed in a coramercial incubator at about 37 °Celsius, A third
blood agar plate (i.e., the negative control) was stored at room temperature (i.¢., about

23 °Celstus). The three blood agar plates were incubated 18 hours.

13669 As shown in FIGS. 10 and 11, a serics of photographs tllustrate specimen culture plates
after an incubation period in accordance with some embodiments. The blood agar plate from the
Styrofoarn™ carricr 1004 exhibited bacterial growth simtlar to the positive control 1006, In
contrast, bacterial growth was absent ou the negative control 1008, As in step 1010 of FIG. 106,
K. preumoniae colonies in the blood agar plate from the Styrofoam™ carrier 1004 could then be

further analyzed using any of several platforms.
¥ £ A1t
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Example 4

(G078} FIG. 12 is a diagram illusirating a binary carrier for storing and/or transporting a sanple
in asccordance with some embodiments. The binary carrier 15 designed to maintain the contents
of the carrter at approximately 36 “Celsius under lower and higher ambient storage temperatures.
Liquid n-Eicosanc {e.g., one or more containers) mside the storage compartment of the carrier
maintains contents at approximately 36 “Celstus when the carrier s stored at ambient
temperatures below 36 °Celsius (as liquid #-Eicosane becomes solid). In one embodiment, as
shown in FIG. 12, four plastic contammers 1200, each containing approximately 320 grarus of
99% pure n-Eicosane {(available as Aldrich 219274-300G from Sigma-Aldrich (St. Louis, MO},
were warmed above 36 “Celsius and placed 1u the carrier storage cormpartment. Thirty-six
plastic tubes 1202 were distributed inside two plastic transportation bags and served as
representative carrier content. Each plastic tube 1202 contained approximately 2 mal of hiquid

culture broth at room teraperature.

{8071} According to some embodiments, solid n-Eicosang may be attached to or incorporated
within one or more walls of the carrier to further protect the carrier content against ambient
teraperatures greater than 36 “Celsius (as solid n-Eicosane becomes hquid). In one embodiment,
as shown in FI1G. 12, six plastic panels 1204, cach containing a 3-mm thickness of solid technical
grade n-Ficosane (avaiable as CAS #112-95-8 from City Chemical LLC (West Haveo, CT)),
were placed against the internal sides, bottom, and top of the carrier storage compartment. Each
panel of solid #-Eicosane was held 1n place between a first layer of insulation 1206, such as an
insulated carrier with 1.5-inch thick walls of Styrofoam™ insulation {available from Dow
Chermcal Company (Marlborough, MA}), and a second layer of insulation 1208, such as a 5/8-

inch thick panels of Styrofoam™ insulation.

18672] FIG. 13 18 a plot of teroperature nside the carrier shown 1n FIG. 12 as a function of time
in accordance with some embodiments. The temperature of the carrier contents was monitored
as the carrier was stored at the following ambient tevaperatures: (1) about 50 °Celsius 1300;

{11} room temperature or about 23 “Celsius 1302; and (i1t} about -20 °Celsius 1304, When the
carrier was stored at (it1) about 50 “Celsius 1300, the temperature of the contents was maintained

at about 36 °Celsius for approximately 10 hours. When the carrier was stored at {i} room

[
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temperature 1302, the temperature of the contents was naintained at about 36 “Celsius for more
than 48 hours. When the carrier was stored at (i1) about -20 “Celsius 1304, the tewperature of

the contents was maintained at about 36 “Celsius for approximately 14 hours.
Example 5

{8673} According to some embodiments, a sample may be grown during storage and/or
transport. For example, antibiotic-resistant bacteria were grown in broth culture during a
shipment 1o accordance with some embodiments. Anal swabs were collected from healthy
human volunteer subjects and placed in screw-cap tubes with 2 mb of TSB (Remel™ RO7222
from Thermo Fisher Scientific {Lenexa, K8)) and 3 pg per mL of the antibiotic Cefiriaxone
{available as BBL™ Sensi-Disc™ Susceptibility Test Priscs 231635 from Becton, Dickinson and

Company (Franklin Lakes, NJy).

{8074} Swab/broth samples were spiked with indicated levels of K preumoniae harboring the
antibiotic resistance gene KPC, where spiked levels of K. preumoniae were determined through
paraliel counting of CFUs on blood agar plates (TSA ™). Swab/broth samples were placed
cither in a laboratory incubator at 37 °Celsius (positive control), a laboratory refrigerator at

4 °Celsius (negative control), or an insulated (Styrofoam™) shipping box with four S-ounce
bottles (Nalgeue®), each botile containing 230 grams of 99% pure n-Eicosane pre-warmed at
about 40 “Celsius as in the methods tllustrated by FIGS. € and 9. The shipping box was labeled
in compliance with U.S. regulations for transport of Biological Substances, Category B
(infectious substances that are not in a form generally capable of causing permanent disability or
itfe-threatening or fatal disease in otherwise healthy humans or animals when exposure to it

occurs, including substances transported for diagnostic or investigational purposes).

{B875] FedEx® delivery service personnel picked up the shipping box from a laboratory and
returned the shipping box back to the laboratory about 24 hours later. Upen receipt, 500 pb of
broth frora each cultured swab/broth sample underwent autorated extraction of bacterial DNA
using the MagNA Pure™ 96 Instrument. Extracted DNA samples (about 100 uL) were
analyzed i triphicate by microfludic real-time PCR tests on the BioMark™ HD System with the

192.24 Dynamic Array™ IFC. The number of imtially spiked &L preumoniae organisms per

b2
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PCR without culture growth was extremely small because only 2.6 nL from the 100 gl of

extracted DNA are used per PCR ou the 192.24 Dynaroic Array™ IFC.

18676} As shown below in TABLE 5, saruples spiked with K. preumoniae were posttive for the
KPC gene even down to two CFUs of K. preumonia per swab/broth sample after being stored 24
hours in the laboratory incubator at 37 °Celsius (positive control} or shipped with n-Eicosane as
shown in TABLE 5. A consistent PCR Ct value of 9 was observed for these culture samples
because they reached stationary phase after 24 hours of bacterial growth. In contrast, the KPC
gene was detected with high PCR Ct values ounly at higher levels of spiked & preumonia tor
samples incubated in the refrigerator due to much less culture growth. Thus, pre-warmed -
Eicosane supported growth of antibiotic-resistant bacteria in broth colture duning shipment in

accordance with some embodiments,
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TABLE S

>384 postiive g positive 9 positive 17
>3448 positive g posttive 9 positive 20
=306 positive 9 positive 9 positive 24

180 postiive 9 POsitive 9 negative

16 positive g positive a negative

2 positive g positive 9 negative

§ negative negative negative

] negative negative negative

neg.conirel | uegative negative negative

Conclusion

{8677} While various inventive embodiments have been described and illustrated herein, those of
ordinary skill in the art will readily envision g variety of other means and/or structures for
performing the function and/or obtaining the results and/or one or more of the advantages
described herein, and cach of such variations and/or modifications is deemed to be within the
scope of the inventive embodiments described herein. More generally, those skilied in the art
will readily appreciate that all parameters, dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual parameters, dimeusions, materials, and/or
configurations will depend upon the specific application or applications for which the inventive

teachings 1s/are used. Those skilled in the art will recognize, or be able to ascertain using no

30
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more than routine experimentation, many equivalents to the specific inventive embodiments
described hereimn. It 1s, therefore, to be understood that the foregoing embodiments are presented
by way of example only and that, within the scope of the appended claims and equivalents
thereto, nventive embodiments ruay be practiced otherwise than as specifically described and
claimed. Inventive embodiments of the present disclosure are directed to each individual feature,
system, article, material, kit, and/or rocthod described herein. In addition, any combination of
two or more such features, systems, articles, materials, kits, and/or methods, if such features,
systems, articles, materials, kits, and/or methods are not mutually inconsistent, 1s included within

the mventive scope of the present disclosure.

{6678} The above-described embodiments can be implemented in any of numerous ways. For
example, embodiments of designing, constructing, and monitoring the systems, apparatus, and
racthods disclosed herein may be implemented using hardware, software or a combination
thereof. When implemented in software, the software code can be executed on any suitable
processor or collection of processors, whether provided in 4 single coraputer or distributed

among multiple computers.

{6679} Farther, it should be appreciated that a computer may be embodied 1 any of a nurnber of
forms, such as a rack-mounted computer, a desktop computer, a laptop computer, or a tablet
computer. Additionally, a computer may be erobedded in a device not generally regarded as a
computer but with suitable processing capabilitics, inchuding a Personal Digital Assistant (PDA),

a smart phone or any other suitable portable or fixed clectronic device,

10080} Also, a computer may have one or more input and output devices. These devices can be
used, among other things, to present a user interface. Exarples of output devices that can be
used to provide a user mterface mchude printers or display screens for visual presentation of
output and speakers or other sound generating devices for audible presentation of output.
Examples of input devices that can be used for a user interface include keyboards, and pointing
devices, such as mice, touch pads, and digitizing tablets. As another exaraple, a coraputer may

receive input information through speech recognition or in other audible format.

{#0381] Such computers may be interconmected by one or more networks in any suitable form,

mcluding a local arca network or a wide arca network, such as an enterprise network, and
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intelligent network (IN} or the Internet. Such networks may be based on any suitable technology
and may operate according to any suitable protocol and way include wireless networks, wired

networks or fiber optic networks.

{802} The various methods or processes {e.g., of designing and making the retention/delivery
structure disclosed above) outhined herein may be coded as software that 1s executable on onc or
more processors that employ any one of a variety of operating systems or platforms.
Additionaily, such software may be written using any of a number of suitable programming
languages and/or programuming or scripting tools, and also may be compiled as executable

machine language code or intermediate code that is executed on a framework or virtual machine.

180831 Also, varigus inventive concepts may be embaodied as one or more methods, of which an
exarnple has been provided. The acts performed as part of the method may be ordered in any
suitable way. Accordingly, embodiments may be counstructed in which acts are performed in an
order different than illustrated, which may include performing some acts simultancously, even

though shown as sequential acts in iHustrative embodiments.

{8684] All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety, inchading the U.S. Nonprovisional Patent Application
filed on August 25, 2015, and entitled “Systems, Methods, and Devices for Temperature
Control,” which also claims a priority benefit of U.S. Provisional Patent Application

No. 62/041,408, filed on August 25, 2014, and entitled “Systems, Methods, and Devices for

Temperature Control”

186851 All definitions, as defined and used herein, should be understood to contrel over
dictionary definitions, defimitions in docurncnts incorporated by reference, and/or ordinary

meanings of the defined terms.

{#086] The indefintte articles “a” and “an,” as used herein 1 the specification and in the claims,

unless clearly indicated to the contrary, should be understood to mean “at least one.”

{#087] The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, 1.¢., clements that are

conjunctively present in some cases and disjunctively present in other cases. Multiple elements
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listed with “and/or” should be construed in the same fashion, i.¢., “onc or more” of the clements
so congotned. Other elements may optionally be present other than the elements specifically
identified by the “and/or” clause, whether related or unrelated to those elements specifically
identified. Thus, as a non-Hmiting cxample, a reference to “A and/or B”, when used in
conjunction with open-ended language such as “comprising” can refer, in one embodiment, to A
only {optionally inchuding clemecuts other than B); 1n another embodiment, to B only (optionally
including elements other than A); in yet another embodiment, to both A and B {optionally

including other clements); ete.

{B088] As used herein in the specification and in the claims, “or” should be understood to have
the sare racaning as “and/or” as defined above. For example, when separating items in a Hst,
“or” or “and/or” shall be interpreted as betng inchusive, i.e., the inclusion of at least one, but also
mcluding more than one, of a number or list of clerents, and, optionally, additional unlisted
items. Ounly terms clearly indicated to the contrary, such as “only one of” or “exactly one of,” or,
when used n the claims, “consisting of,” will refer to the inclusion of exactly one clement of a
number or List of elements. In general, the term “or” as used herein shall only be interpreted as
indicating exclusive alternatives {i.e. “one or the other but not both”) when preceded by terms of
exclusivity, such as “etther,” “one of,” “only one of)” or “exactly one of.” “Consisting
essentially of,” when used in the claims, shall have its ordinary meaning as used in the field of

patent law,

&

{B089] As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at east one clement
selected from any one or more of the clements in the list of clements, but not necessarily
including at least one of each and every element specifically listed within the list of elements and
not excluding any combinations of clements in the list of clements. This definition also allows
that elements may optionally be present other than the elements specifically identified within the
iist of clements to which the phrase “at least one” refers, whether related or unrelated to those
clements specifically 1dentified. Thus, as a nov-himiting exarople, “at least one of A and B” {or,
equivalently, “at least one of A or B,” or, equivalently “at least one of A and/or B”) can refer, in
one embodiment, to at least one, optionally including more than one, A, with no B present (and

optionally including elements other than B}; in another embodiment, to at least one, optionally

(2
(2
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including more than one, B, with no A present (and optionally including clements other than A);
in vet another embodiment, to at least one, optionally including wore than one, A, and at Jeast

one, optionally including more than one, B (and optionally including other elements); etc.

{309¢] In the claims, as well as in the specification above, the terms “about,” “approximately,”
and the hike are to be understood to mean +/- 10% of the total amount stated, ¢.¢., about 5 would

inchude 4.5 to 5.5, about 10 would inchude 9 to 11, and about 100 would include 906-110.

{60911 Iu the claims, as well as 1o the specification above, all transitional phrases such as

ERE I

“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, 1.¢., to mean including but
not fimited to. Only the transitional phrases “consisting of” and “consisting essentially of” shall
be closed or semi-closed transitional phrascs, respectively, as sct forth in the Untted States Patent

(ffice Manual of Patent Examining Procedures, Section 2111.03.
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CLAIMS

i. A device for at least one of promoting and inhibiting at least one of organism growth,
organism viability, a biochemical reaction, and a chernical reaction in at least one sample,
comprising:

at least one phase change raterial encapsulated by an mnert material, the mert material
being selected and configured to recetve and retain at least one sample, the at least one phase
change material being selected and configured to maintain the at least one sample within a
predeternuned teraperature range between about 22 “Celstas and about 100 °Celsius during a
predetermined time period, such that at least one of organism growth, organism viability, a
biochernical reaction, and a chemical reaction is promoted in the at least one sample during the

predetermined time period.

2. The device of claim 1, wherein the at least one sample s retained in culture media.
3, The device of claim 1, wherein the culture media comprises at least one antibiotic for

selection of Gram-negative carbapenamase resistant entergbacteriacac {CRE).

4. The device of claim 1, wherein the culture media comprises at least one Gram-positive
bacterium 1ohibitor for selection of at least one of Gram vegative-CRE and Extended Spectrum

Beta-lactamase (ESBL) bacteria.

5. The device of claim 4, wherein the at least one Gram-positive bacterium inhibitor is at

icast one of a pH indicator and a bile salt.

6. A pack for at least one of promoting and inhibiting at least one of organism growth,
organism viability, a biochemical reaction, and a chersical reaction in at least one sample during
storage and/or transport, comprising:

a container with at least one internal compartracnt having disposed therein at lcast one
phase change material selected and configured to maintain the at least one sample within a
predetermined teraperature range between about 22 “Celsius and about 100 °Celsius during a

predetermined time period, such that at least one of organism growth, organism viability, a
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biochemical reaction, and a chemical reaction is promoted in the at icast one sample during the

predetermined tivae period.

7. The pack of claim 6, wherein the container includes at least once first internal

compartment and at least one second internal compartment.

8. The pack of claim 7, wherein the at least one {irst futernal compariment has n-cicosane
disposed therein, and the at least one second internal compartment has hencicosane disposed

therein,

9. A system comprising:

at least one pack having sealed therein at least one phase change material selected and
configured to maintain a predetermined temperature range between about 22 °Celsius and about
100 °Celsius during a predetermined time period; and

a structure configured to receive and retain the at least one pack.

18, The system of claim 9, wherein the system maintains at least one sample within the

predeterroined temperature range during the predetermined time period.

1. The system of claim 10, wherein the structure 1s further configured to reccive and retain

the at least one sample.

12. The system of claim 10, wherein the system promotes at least one of organism growth,
organisn viability, a biochemical reaction, and a chemical reaction in the at least one sample

during the predetermined time period.
13, The systern of claim 10, wherein the system inhibits at least one of orgaunisro growth,
organism viability, a biochemical reaction, and a chemical reaction in the at least one sample

during the predetermined time period.

14, The systern of claim [0, wherein the sample is an norganic sample.
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1S. The system of claim 10, wherein the sample s an organic sample.

16.  The systern of claim 15, wherein the organic sample 15 a biological speciruen.

17.  The system of claim 16, wherein the organic saraple 18 a biological specimen culture.
18, The system of claim 10, wherein the system is used to at least one of store and transport

the at least one sample.

19, The system of claim 10, whercin the systern is further configured such that at least one of
pre-analytical processing, analytical testing, medical diagnostic testing, and medical therapy is

applied to the at least one saraple during the predetermined time period.

20, The system of claim 9, wherein the predetermined time period is at least one of a storage

time period and a transport time period.

21, The systern of claim 9, wherein the structure 18 wnsulated.
22. The system of claim 21, wherein the structure comprises polystyrene foam.
23, The systern of claim 9, wherein the at least one pack 1s pre-heated to an intial

temperature, the initial temperature being approximately the same as a phase change temperature

of onc of the at least one phase change material.

24, The system of claim 23, wherein the initial temperature is the phase change temaperature

+/- 2 *Celsius.

25, The system of claim 23, whercin the phase change teraperature is the mclting teraperature

of the one of the at least one phase change material.

(a2
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26, The system of claim 23, wherein the initial teraperature 18 about 40 °Celsius.

27, The system of claim 9, further comprising a monitoring device including at least one
SCTISOT.

28, The system of claim 27, wherein the at least one sensor 18 incorporated into at least one of

the structure and the at least one pack.

29.  The systern of claim 27, wherein the at least one scusor 1s contfigured to be i contact

with at least one sample within the stracture.

38,  The system of claim 27, wheretn the monitoring device is adapted to at least one of

record and transtait dats representative of signals from the at least one sensor.

31, The system of claim 30, wherein the data representative of signals from the at least one
sensor include at least one of temperature-related data, location-related data, pressure-relate

data, radiation-related data, and shock-related data.

32, The system of claim 27, wherein the at lcast one sensor compriscs at least onc of a
thermometer, a thermistor, a thermocouple, a global positioning system (GPS) receiver, a global
navigation satellite system (GNSS) receiver, a transducer, a radiometer, a dosimeter, and an

accelerometer,

33, The system of claim 9, wherein the predetermined temperature range is between about

33 °Celsius and about 41 “Celsius.

34, The systern of claim 9, wherein the predetermuved tewperature vange 18 37 °Celsius

+/- 2 °Celsius.

35.  The system of claim 9, wherein the predetermined time period is between about 2 hours

and about 12 hours.

(a2
o
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36.  The system of claim 9, wherein the predetermined time period is between about 12 hours

and about 24 hours.

37.  The system of claim 9, wherein the predetermined time period is between about 24 hours

and about 48 hours.

38.  The system of claim 9, wherein the predetermined time period is between about 2 days

and about 1 week.

39, The system of claim 9, wherein the predetermined time period is between about 1 week
Y s ]

and about 1 month.

40.  The system of claim 9, wherein the at least one phase change material comprises at least
one of a paratfin, a fatty acid, a salt hydrate, a cutectic composition, a cross-linked polyethylene,

and a polyalcohol.

41, The system of claim 9, whereiu the at least one phase change matenal comprises n-
eicosane.

42. The system of claim 41, wherein the n-eicosane is initially in a substantially hguid phase.
43, The system of claim 9, wherein the at least one phase change material comprises
heneicosane.

44, The system of claim 43, wherein the heneicosane is initially in a substantially solid phase.
43. A system comprising:

a structure comprising at least one phase change material selected and configured to
maintain a predetermined temperature range between about 22 “Celsius and about 100 “Celsius

during a predetermined time period.

(2
N



WO 2016/033077 PCT/US2015/046744

46. The system of claim 45, wherein the at least one phase change material is encapsulated in

at least one compartment integrated into the structure.

47.  The system of claim 45, wherein the at feast one phase change material is a thermal

composite integrated into the structure.

45, A method for controlling ternperature, comprising:

disposing, within a structure, at least one pack having sealed therein at least one phase
change material sclected and configured to maintain a predetermined temperature range between
about 22 “Celsius and about 100 °Celstus during a predetermined time period such that the

predetermined terperature range is maintained during the predetermined time period.

49. A method of using at least one phase change material to maintain at least one sample
within a predetermined temperature range higher than ambient temperature during a
predeternuned timae period, wherein the at least one phase change material 1s selected and
configured to promote at least one of organism growth, organism viability, a biochemical

reaction, and a chemical reaction in the at least one saraple.

50.  The method of claim 49, wherein the at least one phase change material s sclected and

contfigured to promote microbiological organism growth.

51, The method of claim 49, wherein the predetermined time peried is an estimated time

period for storing and/or transporting the at least one sample.

52, A method of using at least one phase change material to maintain at least one sample
within a predetermined temperature range lower than ambient temperatare during a
predetermined time period, wherein the at least one phase change material is selected and
configured to promote at least one of organism growth, organista viability, 4 biochemical

reaction, and a chemical reaction in the at least one sample.
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33, Themethod of claim 52, wherein he at least one phase change material is selected and

configured to promote microbiological organism growth.

534, The method of claim 52, wherein the predetermained time period is an estirnated time

period for storing and/or transporting the at least one sample.

55. A wethod of using at least one phase change material to maintain at least oue sample
within a predetermined temperature range between about 22 °Celsius and about 100 °Celsius
during a predetermived time period, wherein the at least one phase change matenal s selected
and configured to promote at {ecast one of organism growth, organism viability, a biochemical

reaction, and a chemical reaction in the at least one sample.
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