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DESCRIPTION

BACKGROUND

Field

[0001] Embodiments of the present invention relate to the field of clinical diagnostic tools.

Background

[0002] Given the complexity of the automation of molecular testing and immunoassay
techniques, there is a lack of products that provide adequate performances to be clinically
usable in near patient testing settings. Typical molecular testing includes various processes
involving the correct dosage of reagents, sample introduction, lysis of cells to extract DNA or
RNA, purification steps, and ampilification for its subsequent detection. Even though there are
central laboratory robotic platforms that automate these processes, for many tests requiring a
short turnaround time, the central laboratory cannot provide the results in the needed time
requirements.

[0003] However, it is difficult to implement systems in a clinical setting that provide accurate,
trustworthy results at a reasonable expense. Given the complicated nature of various
molecular testing techniques, the results are prone to error if the testing parameters are not
carefully controlled or if the environmental conditions are not ideal. For example, existing
instrumentation for PCR techniques has experienced high entry barriers for clinical diagnosis
applications due to the background generated by exogenous sources of DNA. In the case of
specific tests of pathogens, the predominant source of contamination is a result of previous
reactions carried out in pipettes, tubes, or general laboratory equipment. Additionally, the use
of molecular techniques for detection of microbial pathogens can produce false negatives. The
false negatives may result from, for example: improper disposal of agents that inhibit the
Polymerase Chain Reaction (PCR) such as hemoglobin, urine or sputum; inefficient release of
DNA from cells; or low efficiency in extraction and purification of DNA or RNA.

[0004] The fact that molecular techniques have exceptional sensitivity levels at concentrations
lower than the previous reference methods makes it rather difficult to obtain clinically relevant
conclusions, while avoiding erroneous calls with false positives. To minimize this problem,
especially for the detection of pathogen microorganisms, the tests must have quantification
capability. It has therefore become increasingly necessary to perform multiplexed assays and
arrays of tests to consolidate enough data to make confident conclusions. As an example, one
of the main limitations of existing PCR-based tests is the inability to perform amplifications of
different target genes simultaneously. While techniques such as microarrays provide very high
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multiplexing capacity, their main limitation is the low speed in obtaining the results, which often
have no positive impact on patient management.

[0005] A fluidic cartridge with a rotating manifold core is described in WO 2011/047494.

BRIEF SUMMARY

[0006] The present invention provides a test cartridge system according to claim 1, a transfer
module for use in the system according to claim 38 and a method of using the system
according to claim 49. A clinical diagnostic platform can integrate a variety of analytical testing
processes to reduce errors, costs and testing time.

[0007] In an embodiment, a system includes a cartridge housing and a hollow transfer
module. The cartridge housing further includes at least one sample inlet, a plurality of storage
chambers, a plurality of reaction chambers, and a fluidic network. The fluidic network is
designed to connect the at least one sample inlet, a portion of the plurality of storage
chambers and the portion of the plurality of reaction chambers to a first plurality of ports
located on an inner surface of the cartridge housing. The hollow transfer module includes a
second plurality of ports along an outer surface of the transfer module that lead to a central
chamber within the transfer module. The transfer module is designed to move laterally within
the cartridge housing. The lateral movement of the transfer module aligns at least a portion of
the first plurality of ports with at least a portion of the second plurality of ports.

[0008] In an embodiment, a transfer module includes an inner housing enclosing a central
chamber and a jacket formed around the inner housing. The jacket includes patterned ridges
along the outer surface of the jacket. The patterned ridges are designed to create a plurality of
valve regions along the outer surface of the jacket when the transfer module is placed within
an enclosure that comes into contact with the patterned ridges. The jacket further includes a
plurality of ports extending through the jacket and the inner housing into the central chamber.
The plurality of ports are located within one or more of the plurality of valve regions created by
the patterned ridges. One of the plurality of valve regions with a corresponding port extending
into the central chamber is designed to be pressurized separately from other regions in the
plurality of valve regions, such that the pressurization generates a fluid flow either into or out of
the central chamber via one or more of the plurality of ports.

[0009] An example method is described. The method includes laterally translating a transfer
module to align a first port of the transfer module having a central chamber to a port of the first
chamber. The method further includes drawing a sample into the central chamber from the first
chamber via a first pressure differential. Once the sample is in the central chamber, the
method includes laterally translating the transfer module to align a second port of the transfer
module to a port of a second chamber and drawing the sample into the second chamber from
the central chamber via a second pressure differential.
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DRAWINGS/FIGURES

[0010] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate embodiments of the present invention and, together with the description,
further serve to explain the principles of the invention and to enable a person skilled in the
pertinent art to make and use the invention.

FIG. 1 displays a graphical representation of the test cartridge system, according to an
embodiment.

FIGs. 2A - 2D display various views of a test cartridge system, according to an embodiment.

FIGs. 3A - 3D display various views of the inner housing of a transfer module, according to an
embodiment.

FIGs. 4A - 4C display three views of a jacket of the transfer module, according to an
embodiment.

FIGs. 5A and 5B display graphical representations of a test cartridge system, according to an
embodiment.

FIGs. 6A and 6B display various views of a test cartridge system, according to an embodiment.
FIGs. 7A - 7F display various views of a transfer module, according to an embodiment.

FIGs. 8A and 8B display swabs within a test cartridge system, according to some
embodiments.

FIG. 9 is a diagram illustrating a method performed by a test cartridge system, according to an
embodiment.

FIG. 10 is a diagram illustrating a method performed by a test cartridge system, according to
an embodiment.

[0011] Embodiments of the present invention will be described with reference to the
accompanying drawings.

DETAILED DESCRIPTION

[0012] Although specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. A person skilled in the pertinent art
will recognize that other configurations and arrangements can be used without departing from
the scope of the present invention. It will be apparent to a person skilled in the pertinent art
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that this invention can also be employed in a variety of other applications.

[0013] Itis noted that references in the specification to "one embodiment,” "an embodiment,”
"an example embodiment," etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases do not
necessarily refer to the same embodiment. Further, when a particular feature, structure or
characteristic is described in connection with an embodiment, it would be within the knowledge
of one skilled in the art to effect such feature, structure or characteristic in connection with
other embodiments whether or not explicitly described.

[0014] Embodiments described herein relate to a test cartridge system for performing a
variety of molecular, immunoassay, or biochemical tests, etc. In an embodiment, the test
cartridge integrates all of the components necessary to perform such tests into a single,
disposable package. The test cartridge may be configured to be analyzed by an external
measurement system which provides data related to the reactions that take place within the
test cartridge.

[0015] In one example, a single test cartridge may be used to perform a multiplexed
immunoassay with a given sample. The test cartridge contains all of the necessary buffers,
reagents, and labels held in sealed chambers integrated into the cartridge to perform the
immunoassays.

[0016] In another example, a single test cartridge may be used to perform PCR. The DNA
and/or RNA may be purified from the rest of a sample (lysate) via a membrane incorporated
into the test cartridge. The sample may be extruded through the membrane while a separately
stored elution liquid may remove the DNA and/or RNA and bring it into another chamber to
begin the process of temperature cycling.

[0017] Any test such as those described above requires some form of liquid transport to take
place. In an embodiment, the test cartridge includes a moveable, hollow transfer module which
includes a plurality of ports to align to ports along the sides of a cartridge housing. Liquid may
be transferred between the other various chambers of the cartridge housing either into or out
of the hollow transfer module by applying a pressure differential to the system. In one example,
external actuators are utilized to apply the pressure differential.

[0018] One of the main limitations of molecular diagnostic instrumentation is the problem
associated with contamination such as cross-contamination, carry-over contamination, etc.
Embodiments described herein substantially eliminate by design the contamination of samples
to the instrument.

[0019] In one embodiment, the test cartridge offers a self-contained liquid sealed during the
manufacturing process. The reagents or the sample do not enter in contact with the
environment or with any part of the instrument. This feature of the test cartridge is also
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important for many laboratories and hospitals to safely dispose of the products after their use.

[0020] Further details relating to the components of the test cartridge system are described
herein with references made to the figures. It should be understood that the illustrations of
each physical component are not meant to be limiting and that a person having skill in the
relevant art(s) given the description herein would recognize ways to re-arrange or otherwise
alter any of the components without deviating from the scope of the invention.

First test cartridge embodiment

[0021] FIGs. 1-4 illustrate various views and components of a test cartridge system according
to an embodiment. FIG. 1 illustrates a test cartridge system 100 that includes a cartridge
housing 102 and a transfer module 104. Other components may be considered as well for
inclusion in test cartridge system 100, such as an analyzer module or various active
components such as pumps or heaters.

[0022] Transfer module 104 includes an inner housing 110, a jacket 108, and a lid 106. Jacket
108 is designed to fit around inner housing 110, according to an embodiment. In one example,
inner housing 110 is made of a hard material such as metal or plastic, while jacket 108 is made
of a compliant material such as rubber or soft plastic. In another example, both jacket 108 and
inner housing 110 are made of a soft compliant material, which may be the same material or
different materials. In another example, both jacket 108 and inner housing 110 are made via
an overinjection process. Lid 106 is designed to seal the end of transfer module 104 to prevent
leakage. Further details regarding the components of transfer module 104 are discussed later
with reference to FIGs. 3 and 4.

[0023] Transfer module 104 is designed to be inserted into cartridge housing 102 via chamber
bay 120. In one embodiment, transfer module 104 is configured to connect to an external
actuator (not shown). The external actuator may laterally move transfer module 104 within
cartridge housing 102 to align ports on transfer module 104 to ports on cartridge housing 102.
In another embodiment, transfer module 104 is configured to move within cartridge housing
102 via operation of an external slider by a user.

[0024] Cartridge housing 102 includes a variety of fluidic channels, chambers, and reservoirs.
For example, cartridge housing 102 may include a plurality of storage chambers 116 which
may contain various buffers or other reagents to be used during an assay or PCR protocol.
Storage chambers 116 may be pre-filled with various liquids so that the end user will not need
to fill storage chambers 116 before placing test cartridge system 100 into an analyzer.
Cartridge housing 102 may further include one or more processing chambers 124A-C
connected to fluidic channels along a side of cartridge housing 102. Processing chambers
124A-C may be used for a variety of processing and/or waste applications. In one example,
chamber 124A is a waste chamber, chamber 124B is an elution chamber for PCR protocols,
and chamber 124C is a swab elution chamber. In an embodiment, cartridge housing 102
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includes a grip structure 117 to provide easier handling of test cartridge system 100.

[0025] Samples are introduced into cartridge housing 102 via sample port 114, according to
an embodiment. In one example, sample port 114 is dimensioned to completely receive the
length of a common medical swab. Thus, the user may place the swab either up to a break-off
point or completely within sample port 114, and subsequently seal the port with a port lid 112.
In another example, sample port 114 receives solid, semi-solid, or liquid samples. In an
embodiment, cartridge housing 102 includes more than one inlet to introduce samples.

[0026] Cartridge housing 102 may incorporate one or more useful structures for performing
tests, such as filters, gels, membranes, etc. For example, cartridge housing 102 may include a
membrane housed in cavity 122. In one embodiment, the membrane is coupled with the fluidic
channels along the outside of cartridge housing 102. In another embodiment, the membrane
may be disposed within any one of processing chambers 124A-C.

[0027] The various chambers and channels around cartridge housing 102 may be sealed via
the use of covers 118, 126, and 128. The covers may be films capable of sealing the fluid
within cartridge housing 102. In another example, the covers may be plastic sheets or any
other means of sealing. In an example, one or more of the covers are transparent.

[0028] The integrated test cartridge system 100 allows a user to place a sample into, for
example, sample port 114, then place test cartridge system 100 into an analyzer. In
embodiments, the reaction steps to be performed including, for example, re-suspension lysing,
purification, mixing, heating, binding, labeling and/or detecting can all be performed within test
cartridge system 100 via interaction with the analyzer without any need for the end user to
intervene. Additionally, since all of the liquids remain sealed within test cartridge system 100,
after the test is completed, test cartridge system 100 may be removed from the analyzer and
safely disposed of without contamination of the analyzer.

[0029] FIGs. 2A-D illustrate various views of cartridge housing 102, according to
embodiments. The description of each view is set forth to describe features that may be
present on cartridge housing 102, but should not be limiting as to the placement or
dimensional properties of the features.

[0030] FIG. 2A provides an example of a side view of cartridge housing 102. As such, the view
illustrates a plurality of chambers connected by a fluidic network and a series of ports which
extend into cartridge housing 102. Each of these groups will be discussed in more detalil
herein.

[0031] The plurality of processing chambers may include a waste chamber 218, an elution
chamber 220, and a swab elution chamber 206. Other types of chambers as would be
contemplated by one having skill in the relevant art(s) given the description herein may also be
included. Furthermore, the purpose of each chamber may be different than the names
specified herein.
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[0032] A plurality of reaction chambers 216 is also shown. Such chambers may be shaped
similarly, for example, to a centrifuge tube. In one embodiment, liquid may be drawn into
reaction chambers 216 to mix with reagents that have been pre-loaded into each reaction
chamber. For example, each reaction chamber may be loaded with a different DNA probe, or
real time PCR master mix, and liquid may be drawn into each reaction chamber to create
distinct mixtures in each chamber. The reagents may be freeze-dried before being loaded, or
freeze-dried into reaction chambers 216. In another embodiment, reaction chambers 216 are
also used for sample detection. Thus, in one embodiment, reaction chambers 216 may also be
considered to be detection chambers. Detection may occur using an external optical source
and photodetector coupled to an analyzer in which test cartridge system 100 is placed. Thus,
any walls or covers of reaction chambers 216 may be transparent to allow for optical detection.
In one example, the photodetector measures absorbance through the liquid within the reaction
chamber at one or more wavelengths. In another example, the photodetector measures a
fluorescence signal generated from a fluorescent compound within the reaction chamber. In an
embodiment, the fluorescence measurements are taken from beneath reaction chambers 216.
Reaction chambers 216 may be adapted for other means of detection, e.g., electrochemical,
electromechanical, surface plasmon resonance, etc.

[0033] A set of smaller channel enlargements 214 are observed upstream from reaction
chambers 216, according to an embodiment. Channel enlargements 214 may act as liquid
sensing areas. As such, channel enlargements 214 may be used along with an external optical
probe to determine whether or not liquid is present within channel enlargements 214. This
determination may be used to activate other functions of test cartridge system 100. In another
embodiment, channel enlargements 214 may include integrated sensors, such as a patterned
resistive sensor, to indicate the presence or flow rate of the fluid.

[0034] Various fluidic channels connect to each of the chambers or to other elements within
cartridge housing 102. Each channel is also designed to terminate at a port which will interface
with the ports or valve regions on transfer module 104. In an embodiment, cartridge housing
102 includes two main rows of ports such as a row of liquid ports 210, and a row of
vent/suction ports 212. Liquid ports 210 allow fluid to flow to any of the chambers depicted in
FIG. 2A, or to flow through a filter 222. Liquid ports 210 may act as either inlet ports for liquid
to be drawn into transfer module 104 from cartridge housing 102, or as outlet ports for liquid to
be expelled from transfer module 104 to the fluidic network of cartridge housing 102.
Vent/suction ports 212 may be used to open a particular fluidic channel to the atmosphere so
that liquid can be drawn into its corresponding chamber. For example, a vacuum pressure may
be applied to the port illustrated on the far left of the row of vent/suction ports 212, which would
allow for liquid to enter into waste chamber 218 via the second to the left port on the row of
liquid ports 210. In another example, a vacuum pressure applied from the second to the left
port on the row of vent/suction ports 212 would draw liquid from the third to the left liquid port
into elution chamber 220. In another embodiment, vent/suction ports 212 may be opened to
the atmosphere.
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[0035] Other processing ports 204 can be observed leading into another section of cartridge
housing 102. Processing ports 204 may lead into or out of an inner processing chamber. For
example, the inner processing chamber may be a bead beater chamber for lysing any cells in
the sample. In another example, a sample containing solid, semi-solid or liquid material may be
placed directly into the inner processing chamber via a second sample inlet. The material may
be homogenized or lysed by the inner processing chamber, and the resultant liquid sample
may be drawn from the inner processing chamber to transfer module 104 via an inner port (not
shown) of the inner processing chamber.

[0036] A port may be a small hole extending through the thickness of cartridge housing 102.
In an embodiment, each of liquid ports 210 is designed to align to another port located on
transfer module 104, which can move laterally between the various liquid ports 210. In an
embodiment, each of vent/suction ports 212 is designed to align to a region around transfer
module 104 which allows the port to be either vented to atmosphere or pressurized. The
various ports may include a hydrophobic material or have a specific geometry so as to prevent
leakage through the ports in the absence of any applied pressure.

[0037] Filter 222 may be integrated within the fluidic network as illustrated. As such, liquid may
pass through filter 222 due to a pressure difference. Filter 222 may include, for example, a
silicate matrix to be used for trapping nucleic acid sequences. In another example, filter 222
may be a membrane for extracting plasma from whole blood samples. Other filter types may
be contemplated as well, such as a reverse-osmosis filter. In another example, filter 222 may
include suitable materials for an affinity chromatography column to perform, for example,
protein purification protocols.

[0038] FIG. 2B illustrates another example embodiment of cartridge housing 102. This
embodiment includes many of the same features as the example cartridge housing illustrated
in FIG. 2A including waste chamber 218, elution chamber 220, and swab elution chamber 206.
However, the fluidic network connected to liquid ports 210 now includes a reaction chamber
224, chamber 225 and a plurality of detection chambers 226a-e. In one example, a single
fluidic path connects each of reaction chamber 224, chamber 225, and detection chambers
226a-e together. In another example, the fluidic path terminates at waste chamber 218. A
series of channel enlargements 214 are illustrated as well and may serve the same purpose as
those in the embodiment described above in FIG. 2A. The arrangement of chambers
described in this embodiment may be useful for immunoassays or other types of binding
affinity assays.

[0039] Reaction chamber 224 may contain reagents to be mixed with a sample before
passing on to detection chambers 226a-e. The reagents may be first freeze-dried and placed,
or freeze-dried into reaction chamber 224, and rehydrated upon contact with the liquid sample.
Chamber 225 may contain a new set of freeze-dried reagents and may be utilized during PCR
protocols to perform further amplification of the nucleic acid sequences. In another example,
chamber 225 may contain further reagents to be mixed with the sample. Alternatively, chamber
225 may contain a filter or capture probes to separate certain compounds from the sample
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before it passes on to detection chambers 226a-e.

[0040] Detection chambers 226a-e are configured to allow for optical interrogation similar to
reaction chambers 216 as described above in FIG. 2A. In one example, each detection
chamber 226a-e contains an immobilized probe for performing various binding affinity assays.
At least one wall of detection chambers 226a-e is made to be transparent to visible light for
fluorescence measurements. In an example, the fluorescence measurements are taken from
beneath detection chambers 226a-e.

[0041] FIG. 2C illustrates a top view of cartridge housing 102, according to an embodiment. A
plurality of storage chambers 230A-E are observed and may be similar to storage chambers
116 as described previously in FIG. 1. A sample inlet window 232 is also disposed at the top of
cartridge housing 102, according to an embodiment. Sample inlet window 232 may be used to
place samples into the inner processing chamber. For example, solid samples may need to be
homogenized before testing can begin. These solid samples may be placed into sample inlet
window 232 and enter directly into the inner processing chamber.

[0042] A row of inlet ports 228 are provided such that each port lies within a unique storage
chamber, according to an embodiment. Solution stored within the various storage chambers
230A-E may be drawn down through a corresponding inlet port into transfer module 104 at the
appropriate time during a testing procedure. Thus, transfer module 104 also has another port
located at the top of transfer module 104 which can align with each of inlet ports 228. In an
example, the lateral movement of transfer module 104 changes which port of the inlet ports
228 is aligned to the top port of transfer module 104. In another example, inlet ports 228 may
lead directly to the fluidic network within cartridge housing 102 before reaching transfer module
104.

[0043] At least one of storage chambers 230A-E may be configured to receive a sample that
has been placed into cartridge housing 102 via sample port 114. For example, storage
chamber 230B may be dimensioned so as to receive a sample cotton swab. In another
example, storage chamber 230B contains a solution to suspend a sample once the sample has
been introduced.

[0044] FIG. 2D illustrates a view of another side of cartridge housing 102 (opposite from the
side illustrated in FIG. 2A). Additionally, cartridge housing 102 includes a pressurized port 236
and a vent port 234, according to an embodiment. Pressurized port 236 may be connected to
an external pressure source, €.g. a vacuum pump, syringe pump, pressure pump, etc. In one
example, the external pressure source is integrated with the analyzer into which test cartridge
system 100 is placed. The pressure differential applied to the system via pressurized port 236
may be used to transport liquid throughout the various regions within cartridge housing 102
and transfer module 104. Vent port 234 may be configured to open to the atmosphere,
according to an embodiment. As such, vent/suction ports 212 may lead to a region around
transfer module 104 that is also coupled to vent port 234. In another example, a pressurized
source is connected to pressurized port 236 to pull liquid through vent/suction ports 212. Any
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number of ports may be included for the purpose of pressurizing various regions in and around
cartridge housing 102 and transfer module 104.

[0045] In one embodiment, cartridge housing 102 provides structures configured to center
test cartridge system 100 within an automated analyzer. For example, a plurality of orifices
235a-b may be present on cartridge housing 102 to couple with corresponding pins on the
analyzer to aid in centering test cartridge system 100 in regards to an external precision
positioning system. Oblong protrusions may be used as well to center test cartridge system
100 within the automated analyzer. At the lower part of cartridge housing 102 in FIG. 2D, an
optical access area 240 is disposed below reaction chambers 216, according to an
embodiment. Optical access area 240 is configured to be substantially transparent to all
wavelengths used during the optical detection process. In one example, each individual
reaction chamber has its own optical access area. In another example, a single optical access
area stretches across multiple reaction chambers 216.

[0046] A film or plurality of films may be placed over the series of reaction chambers 216. The
films may be thin enough to still provide adequate sealing while also allowing for easier heating
and/or cooling of the contents within reaction chambers 216 via an external source. For
example, the films may be in contact with a surface that is thermally controlled by any one of,
or a combination of, thermoelectric devices, resistive heaters, and forced air.

[0047] FIGs. 3A-D illustrate various views both around and inside inner housing 110 of
transfer module 104, according to an embodiment. FIG. 3A depicts a perspective view of inner
housing 110, according to an embodiment. Inner housing 110 is formed from case 302 which
may be a rigid material. For example, case 302 may be a hard plastic or metal material. In
another example, case 302 may be a flexible plastic material.

[0048] Inner housing 110 includes one or more ports which extend through the thickness of
case 302. The ports may include a primary inlet port 306 and a transfer pressure port 308. In
an embodiment, primary inlet port 306 aligns with various ones of inlet ports 228 as depicted in
FIG. 2C.

[0049] In an embodiment, track 304 is used to hold valve jacket 108 in place around inner
housing 110. Valve jacket 108 will be described separately in FIGs. 4A-C. Case 302 may also
include a coupling region 310 to connect transfer module 104 to an actuator. The actuator may
be motorized and apply a force upon transfer module 104 to cause movement. In another
embodiment, coupling region 310 may be connected to any manner of structure which allows a
user to apply a force to the structure and consequently move transfer module 104.

[0050] FIG. 3B illustrates a side view of inner housing 110. The view shown is the side which
is facing away in FIG. 3A. A similar track 304 is illustrated on this side of inner housing 110 as
well. In another embodiment, inner housing 110 only includes a single track structure. Also
illustrated is a primary outlet port 312. In an embodiment, primary outlet port 312 aligns with
various ones of liquid ports 210 as depicted in FIG. 2A. It should be appreciated that inner
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housing 110 may include any number of ports around the surface of case 302, and the
illustrations shown here are not meant to be limiting in their placement and number of ports.

[0051] FIG. 3C illustrates a cross-section view of the interior of inner housing 110, according
to an embodiment. Case 302 encloses transfer chamber 316. Also included is a chamber
cover 318 to seal fluid or any other sample type within transfer chamber 316.

[0052] Primary outlet port 312 is illustrated at or near a lowest point within transfer chamber
316. The placement allows for any liquids within transfer chamber 316 to adequately drain
through primary outlet port 312. To further facilitate adequate drainage, the inner walls of
transfer chamber 316 are sloped downwards, according to an embodiment. In one example,
one or more walls of transfer chamber 316 are sloped. In one example, a wedge 320 is
disposed within transfer chamber 316 to provide a sloped surface.

[0053] In an embodiment, transfer chamber 316 contains a stirring element 324. For example,
stirring element 324 may be a magnetic stir bar. Stirring element 324 may be used to
effectively mix the contents of transfer chamber 316. In one example, stirring element 324 is
excited via an external magnetic field. In an embodiment, cartridge housing 102 includes one
or more magnets disposed along the movement path of transfer module 104. The presence of
the magnets may induce a magnetic force upon stirring element 324, causing it to move within
transfer chamber 316. In another example, stirring element 324 is physically coupled to an
actuator configured to move stirring element 324.

[0054] FIG. 3D illustrates a perspective view of lid 106, according to an embodiment. Lid 106
may include both chamber cover 318 as well as wedge 320 coupled to chamber cover 318.
The integration of wedge 320 with chamber cover 318 allows for an easier manufacturing
process.

[0055] Returning to FIG. 3A, the various ports disposed around inner housing 110 may be
utilized for transferring liquid between various chambers of cartridge housing 102 and transfer
chamber 316. In an example process, transfer module 104 is laterally moved to align primary
inlet port 306 with one of the plurality of inlet ports 228 of cartridge housing 102. Once aligned,
a vacuum pressure may be applied via transfer pressure port 308 which will draw liquid from
the storage chamber of cartridge housing 102 into transfer chamber 316 of transfer module
104. Additional lateral movement of transfer module 104 aligns primary inlet port 306 with a
different one of the plurality of inlet ports 228 of cartridge housing 102. A second applied
vacuum pressure draws liquid from another storage chamber of cartridge housing 102 into
transfer chamber 316. The two liquids within transfer chamber 316 may be further mixed if
desired with stirring element 324. A third lateral movement of transfer module 104 aligns
primary outlet port 312 with one of liquid ports 210 of cartridge housing 102. A positive
pressure applied at transfer pressure port 308 expels liquid from transfer chamber 316 through
primary outlet port 312 and into the fluidic network of cartridge housing 102 via the aligned
liquid outlet port. It should be appreciated that many more liquid drawing and expelling
procedures may be performed, and that liquid may also be drawn into transfer chamber 316
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via primary outlet port 312.

[0056] In order to control fluid flow along particular fluidic channels, as well as control which
regions around the outside of transfer module 104 are pressurized, a valve system is
implemented around inner housing 110. FIGs. 4A-C illustrate various views of valve jacket 108
disposed around inner housing 110.

[0057] FIG. 4Aillustrates a perspective view of valve jacket 108, according to an embodiment.
Valve jacket 108 includes a compliant casing 402 which fits around inner housing 110.
Compliant casing 402 may be a flexible material such as rubber. In an embodiment, the outer
surface of compliant casing 402 includes ports which extend through the thickness of compliant
casing 402 and align with ports on inner housing 110. For example, a first port 410 may align
with primary outlet port 312 while a second port 412 may align with primary inlet port 306.

[0058] The outer surface of compliant casing 402 may also include a variety of patterned
ridges and shapes, according to an embodiment. For example, toroid ridges 404 along a side
of valve jacket 108 may be aligned with various ones of the plurality of vent/suction ports 212.
Additional toroid structures 414 are observed along the top of valve jacket 108. Solid toroid
structures 414 may align over various ones of the plurality of inlet ports 228 to protect each
port from being unwantedly pressurized. Solid toroid structures 414 are preferred for long term
liquid storage in storage chambers 230a-e. Hollow toroid shapes provide the benefit of
reducing friction as transfer module 104 moves within cartridge housing 102.

[0059] Other patterned ridges may be present as well. For example, scalloped ridges 406
may extend along a length of valve jacket 108 to seal any of the plurality of liquid ports 210
which are not aligned with first port 410. In another example, straight ridge 408 ensures a
homogenous pressure on the inner surface of cartridge housing 102.

[0060] The various ridge patterns are designed to press against the inner walls of cartridge
housing 102. This creates a plurality of regions around the outer surface of transfer module
104 which are sealed from one another. Thus, an applied pressure differential in one region
will not affect the pressure in the other regions. This example design may be observed more
clearly in FIG. 4B.

[0061] FIG. 4B illustrates a cross-section of transfer module 104 within transfer chamber 102,
according to an embodiment. Inner housing 302 and valve jacket 108 of transfer module 104
are shown, as well as protrusions 416 off of valve jacket 108. Protrusions 416 may be similar to
the ridges and toroid shapes as described previously in reference to FIG. 4A. Protrusions 416
press against the inner walls of cartridge housing 102 to create a plurality of valve regions,
such as regions 418A-C, according to an embodiment. For example, region 418B is separated
from regions 418A and 418C due to protrusions 416, and as such, could be pressurized
separately from regions 418A and 418C.

[0062] In one example, region 418B is associated with pressurized port 236 (FIG. 2D) on a
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side of cartridge housing 102. An applied pressure differential via pressurized port 236 (FIG.
2D) will also pressurize region 418B, without pressuring the surrounding regions separated by
protrusions 416.

[0063] The cross section view also illustrates how first port 410 of transfer module 104 may
align with one of liquid ports 210 of cartridge housing 102. Protrusions 416 may surround port
410 to prevent leakage of fluid or unwanted pressurization of the port region.

[0064] FIG. 4C illustrates a side view of valve jacket 108, according to an embodiment. The
side view depicted is the side facing away in FIG. 4A. Valve jacket 108 further includes a
pressure port 420 which may be aligned with transfer pressure port 308 of inner housing 110,
according to an embodiment. Pressure port 420 is disposed within a pressurized region 424
defined by various ridges, such as straight ridge 428 and serpentine ridge 422. Patterns and/or
shapes of the ridges are not limited to those shown. Another region 426 exists on the other
side of serpentine ridge 422, according to an embodiment. The regions described in reference
to FIG. 4C may be considered similar to the regions described above with reference to FIG.
4B.

[0065] Pressurized region 424 is associated with a port of cartridge housing 102, according to
an embodiment. For example, when transfer module 104 is located within cartridge housing
102, pressurized port 236 may be located within pressurized region 424. In one example,
pressurized port is located below the middle, horizontal portion of serpentine ridge 422. As
transfer module 104 translates within cartridge housing 102, pressurized region 424 remains
associated with pressurized port 236, according to one example. In another example,
translation of transfer module 104 may align vent port 234 within pressurized region 424 and
pressurized port 236 within region 426 due to the serpentine shape associated with serpentine
ridge 422. A pressure differential applied via a port aligned within pressurized region 424 will
also apply the same pressure differential in transfer chamber 316 via pressure port 420. In
another example, translation of transfer module 104 aligns pressurized port 236 with various
regions around the outside surface of valve jacket 108.

[0066] Region 426 is also associated with a port of cartridge housing 102, according to an
embodiment. For example, vent port 234 may be located within region 426, such as just above
the middle, horizontal portion of serpentine ridge 422. In this example, region 426 is opened to
atmospheric pressure. Alternatively, pressurized port 236 may be located within region 426, for
example, between a bend of serpentine ridge 422. A vacuum pressure may be applied at
pressurized port 236 which similarly pressurizes region 426.

[0067] Region 426 may wrap around to the other side of valve jacket 108 (the side depicted in
FIG. 4A), according to an embodiment. Thus, the region surrounding toroid ridges 404 as well
as toroid structures 414 may all be considered the same region as region 426. In an example
embodiment, as transfer module 104 moves within cartridge housing 102 between discrete
steps, toroid ridges 404 cover all but one of vent/suction ports 212, according to an
embodiment. The one vent/suction port not covered by toroid ridges 404 is then subjected to
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either atmospheric pressure or a pressure differential that has been applied to region 426.

Second test cartridge embodiment

[0068] FIGs. 5-8 illustrate various views and components of a test cartridge system according
to another embodiment. FIGs. 5A-5B illustrate views of a blown out representation for a test
cartridge system 500 that includes a cartridge housing 502 and a transfer module 504.
Transfer module 504 has substantially the same function within the system as transfer module
104 from the first test cartridge embodiment. Both transfer modules 504, 104 move laterally
within the system to line up ports on the exterior of the transfer module with ports on the sides
of the housing 502, 102, according to some embodiments. Furthermore, transfer module 504
has a similar construction to transfer module 104 with an inner housing 510 surrounded by a
jacket 508, and having an internal chamber capped by a lid 506. Further details of transfer
module 504 are described later with reference to FIGs. 7A-D.

[0069] Housing 502 includes many of the same features as housing 102, according to some
embodiments. For example, housing 502 includes a plurality of processing chambers 524a-b,
a chamber bay 520 for receiving transfer module 504, and a sample port 514 with a port lid
512. In one example, chamber 524a is a waste chamber, and chamber 524b is a swab
receptacle chamber. Sample port 514 leads into chamber 524b, which may be dimensioned to
receive the length of a medical swab, according to one embodiment. Housing 502 also
includes various covers 518, 526, 527, and 528 for sealing the various chambers and channels
around housing 502, according to an embodiment. In one example, each of covers 526 and
518 are made from substantially the same material as housing 502. In an embodiment, any
one of covers 526, 528, and 518 are substantially transparent. Cover 527 may be a material
with a high thermal conductivity, e.g., aluminum foil, to allow for more efficient heat transfer to
samples within housing 502. An opening 513 may be cut into cover 526 such that heat may be
conducted more efficiently from cover 527 to an inner processing chamber of housing 502 via
opening 513. The inner processing chamber may also have its own inlet with a cover 532. In
an embodiment, housing 502 includes a top opening 522 for receiving various types filters to
be placed into housing 502. In one example, solid phase extraction materials such as
membranes or silica beads may be placed into a chamber of housing 502 via top opening 522.
A plurality of openings are observed in both covers 526 and 527, according to some
embodiments. The openings of cover 526 may align over various small chambers of housing
502 to, for example, allow more room for dry reagents to be placed into the small chambers. In
another example, the openings of cover 527 may provide optical access to sensing areas of
the channels of housing 502.

[0070] Housing 502 also includes an opening 515 into an inner processing chamber,
according to an embodiment. Any type of sample, such as solid, semi-solid, or liquid samples,
may be placed into the inner processing chamber via opening 515. Opening 515 may be
capped by a cover 532 to prevent any leakage from samples placed into the inner processing
chamber. Inner processing chamber may be, for example, a bead beater chamber for lysing
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cells or homogenizing a sample. Housing 502 may be dimensioned to incorporate various
sizes of bead beater modules. In an embodiment, the bead beater modules within housing 502
accept liquid volumes ranging anywhere from 10 to 5000 microliters. In another embodiment,
the accepted volumes of the bead beater modules range between 100 and 1000 microliters.

[0071] FIGs. 6A and 6B illustrate side views of housing 502 in more detail, according to some
embodiments. FIG. 6A illustrates the various storage chambers on a side of housing 502.
Housing 502 includes seven storage reservoirs 630a-g, according to an embodiment. Other
numbers of storage reservoirs are also possible. It should also be understood that the
illustrated shapes and sizes of the various storage reservoirs 630a-g are not intended to be
limiting and could be altered to include virtually any shape and size. Each of the various
storage reservoirs 630a-g may include two openings into the reservoir. A first opening may be
coupled to a fluidic channel to transfer a fluid either into or out of the reservoir while a second
opening may allow for venting of the reservoir to atmospheric pressure. The ability to vent a
reservoir may allow the reservoir to empty more efficiently when fluid is drawn from it.
Furthermore, air may not be trapped within the reservoir when fluid is moved into it if the air
has the ability to escape out of a vent opening.

[0072] Also illustrated are two chambers, a first buffer chamber 642 and a second buffer
chamber 643. Each buffer chamber may be used to help prevent liquid from exiting the fluidic
infrastructure of the test cartridge system, according to an embodiment. For example, first
buffer chamber 642 may be designed to hold any "spill-over" liquid that has accidently flown
down a channel used for venting the system. The venting channel may also include a liquid
sensing area. If liquid crosses the liquid sensing area, a sensor may be designed to shut off
any applied forces that cause fluid to flow in order to stop the liquid before it can escape out of
a venting port. Similarly, second buffer chamber 643 may be designed to hold any "spill-over"
liquid that has accidently flown down a channel used for applying pressure to the system. In
some embodiments, the applied pressure is a vacuum pressure for sucking the liquid through
various channels and chambers of test cartridge system 500. The pressure channel may also
include a liquid sensing area with an associated sensor designed to work in a similar way to the
sensor described previously in the venting channel. Additionally, each port associated with first
buffer chamber 642 and second buffer chamber 643 may include filters 641a and 641b,
according to some embodiments. Filters 641a and 641b may be aerosol filters to prevent
contamination to the rest of the system when using the ports for venting and/or pressurizing
the system.

[0073] In an embodiment, housing 502 includes clamp points 635a and 635b to support
housing 502 within a larger analyzer system. The test cartridge may be placed into an analyzer
that includes components for heating and/or cooling the system, optically measuring certain
chambers, providing a vacuum or pump source, and actuating the movement of transfer
module 504. Housing 502 of test cartridge system 500 may be held in place within the analyzer
via clamp points 635a and 635b so that housing 502 does not move while the various
operations of the analyzer are being performed.
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[0074] A waste passage 641 may also be included in housing 502 for guiding fluid and any
other waste samples to a waste chamber, such as, for example, chamber 524a. The entrance
into the waste chamber may be designed to only allow fluid to flow into the chamber and not
out of the chamber.

[0075] FIG. 6B illustrates another example embodiment of the opposite side of housing 502.
An example fluidic arrangement is presented with a plurality of ports 610 aligned for fluidic
coupling with a port of transfer module 504. Also illustrated are pressure port 636 and vent port
634. Pressure port 636 may be connected to an external pressure source for applying either
positive or negative pressure differentials throughout the system, according to an embodiment.
Vent port 634 may either be open to the atmosphere or connect to another pressure source.
For example, a positive pressure difference may be applied to one port while a negative
pressure difference is applied to the other port to force a faster movement of liquid through the
coupled channels of the system.

[0076] Housing 502 also includes reaction chambers 616 that may operate similarly to
reaction chambers 216 described previously in regards to FIG. 2A. In an embodiment, various
channels leading to reaction chambers 616 include a premixing chamber 631. Premixing
chamber 631 may include dry chemicals, such as dried or lyophilized reagents. In another
example, premixing chamber 631 includes dry chemistry beads or biological samples. Such
biological or chemical compounds may be stored in premixing chamber 631 for long periods of
time before use. The dimensions of premixing chamber 631 may be designed to specifically fit
the size of a dry chemistry bead, usually on the order of a few millimeters in diameter,
according to one embodiment. In one example, fluid drawn towards reaction chambers 616
mixes with the samples stored in premixing chamber 631. Various channels also include a
sensor region 614, according to an embodiment. Sensor region 614 may be used to determine
the presence and/or flow rate of the liquid within the corresponding channel. An external optical
probe may be utilized with sensor region 614 to make the determination. In another example,
integrated sensors, such as a resistive sensor, may indicate the presence or flow rate of the
liquid. A control system may use the data output from sensor region 614 to activate various
functions of test cartridge system 500, or to control the flow rate of the liquid within the
respective channel having sensor region 614.

[0077] Also illustrated on the side of housing 502 are a plurality of frits 633. Each frit 633 may
include various materials designed to filter or trap various particle sizes. In one example, frit
633 is a plastic material having a thin mesh with selectable pore sizes that may range
anywhere between 0.1 microns to 500 microns. In one embodiment, frit 633 has a pore size of
around 20 microns.

[0078] At the lower part of cartridge housing 502 in FIG. 6B, an optical access area 640 is
disposed below reaction chambers 616, according to an embodiment. Optical access area 640
is designed to be substantially transparent to all wavelengths used during the optical detection
process. In one example, each individual reaction chamber has its own optical access area. In
another example, a single optical access area stretches across multiple reaction chambers



DK/EP 2825309 T3

616. In one example, a photodetector measures absorbance through the liquid within reaction
chamber 616 at one or more wavelengths. In another example, the photodetector measures a
fluorescence signal generated from a fluorescent compound within reaction chamber 616. The
fluorescence measurements may be taken from beneath reaction chambers 616 or from the
side of reaction chambers 616. Reaction chambers 216 may be adapted for other means of
detection, e.g., electrochemical, electromechanical, surface plasmon resonance, etc.

[0079] FIGs. 7A - 7F provide various views in and around transfer module 504, according to
some embodiments. Many of the general features of transfer module 504 are substantially
similar to transfer chamber 104 of the first test cartridge embodiment. For example, both
transfer modules include a compliant material wrapped around a harder inner housing, and
have ports on the outside that lead inward towards a central chamber. However, the
arrangement and design of certain features on transfer module 504 warrant further discussion,
as is provided herein with regards to FIGs. 7A - 7F.

[0080] Two isometric schematic views from different sides of transfer module 504 are
illustrated in FIGs. 7A and 7B, according to some embodiments. Transfer module 504 includes
jacket 508 wrapped around an inner housing 510. Transfer module 504 also includes two ports
712a and 712b. In an embodiment, each of ports 712a and 712b are disposed on a lower
portion of transfer module 504. In one example, ports 712a and 712b are substantially across
from one another. Transfer module 504 may also include a third port 706 along a top portion of
transfer module 504. In an embodiment, ports 712a, 712b, and 706 lead into a central
chamber inside transfer module 504. Either port 712a, 712b, and 706 may be used for
coupling to various ports of housing 502 for fluid transfer. In another example, either port 712a,
712b, and 706 may be coupled to a pressurized source for applying a pressure difference to
fluid within test cartridge system 500. In one embodiment, ports 712a and 712b are used for
transferring fluid only while port 706 is used to pressurize or depressurize the central chamber
of transfer module 504.

[0081] Transfer module 504 also includes a variety of patterned ridges and shapes, according
to an embodiment. Similar to the patterned structures of jacket 108 on transfer module 104,
the patterned regions on transfer module 504 may align to various ports of housing 502 and
define various pressurized, or valve, regions around transfer module 504. For example, a
toroid structure 704 may align over a port on housing 502 to seal that port. A cluster of toroid
structures 714 is also provided, according to an embodiment. Cluster of toroid structures 714
may be arranged to align over various ports of housing 502 simultaneously based on a position
of transfer module 504. In one embodiment, a toroid structure from cluster of toroid structures
714 acts as a fluidic bridge between at least two ports of housing 502. In an example, fluid may
flow from one channel to another channel by flowing through two ports that are aligned over
the same toroid structure. In this way, it is possible to move fluid through different channels of
housing 502 without needing to pass the fluid through the central chamber of transfer module
504. Fluid may also still flow into and out of the central chamber of transfer module 504 via any
of ports 712a, 712b, and 706, according to an embodiment.
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[0082] Jacket 508 of transfer module 504 may also include various ridges 707 and 709. In an
embodiment, ridge 707 is used to seal over various ports 610 of housing 502 while only a
single port from ports 610 is aligned with port 712a. Ridge 709 may be used to differentiate
between a plurality of regions, such as, for example, region 711 and 713. In one embodiment,
regions 711 and 713 represent areas that may be pressurized separately. For example, region
711 may be pressurized via pressure port 636 due to the position of transfer module 504 within
housing 502. Pressurizing region 711 may correspondingly pressurize the central chamber of
transfer module 504 via port 706 and draw liquids into, or expel liquid from, the central
chamber of transfer module 504.

[0083] Also illustrated on transfer module 504 is a coupling region 702 for connecting transfer
module 504 to an actuator, according to an embodiment. The actuator may be designed to
laterally translate transfer module 504 within housing 502 as substantially similar to the
previously described first test cartridge embodiment.

[0084] FIG. 7C illustrates a cross section view of transfer module 504 along a length of
transfer module 504, according to an embodiment. Transfer module 504 includes a central
chamber 716. Lid 506 is used to seal the end of central chamber 716. In one embodiment, lid
506 is designed to be removable. Lid 506 extends into central chamber 716 to provide sloped
surface(s) to help drain any liquids within central chamber 716, according to one embodiment.
A hole 708 is disposed substantially in the middle of lid 506 within central chamber 716 for
transferring liquid to/from central chamber 716 from/to other areas of housing 502. A transfer
channel 710 may bring the liquid towards either or both of ports 712a and 712b.

[0085] FIG. 7D provides a view of lid 506 that includes a panel 718 and a sloped structure
720, according to an embodiment. Panel 718 may be used to seal the end of central chamber
716 while sloped structure 720 provides a sloped surface to, for example, facilitate movement
of liquid samples within central chamber 716 towards either port 712a or 712b. Hole 708 is
also illustrated at a lowest point of sloped structure 720 to adequately drain all of the liquid
when evacuating central chamber 716, according to an embodiment.

[0086] FIG. 7E illustrates another view from below lid 506 that shows hole 708 and transfer
channel 710, according to an embodiment. One example includes side channels 715 to align
the liquid with ports 712a and 712b on the sides of transfer module 504. The illustrated
channel configurations are just one example for directing fluid into and out of central chamber
716 and should not be considered limiting.

[0087] FIG. 7F illustrates a cross section view of transfer module 504 along a width of transfer
module 504, according to an embodiment. Jacket 508 is observed wrapping around inner
housing 510. Jacket 508 includes various protrusions 724, according to an embodiment.
Protrusions 724 may represent the various patterned structures on jacket 508. In one example,
protrusions 724 press against the inner walls of housing 502 to create various regions 722a,
722b, and 722c. Each region may be separately pressurized based on a position of transfer
module 504 within housing 502. Ports 712a and 712b are illustrated as being aligned with one
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of ports 610 of housing 502 and a port associated with pressure port 636 respectively,
according to an embodiment. As transfer module 504 moves laterally within housing 502, ports
712a and/or 712b may align with different ports 610 of housing 502. Also illustrated within
central chamber 716 is sloped structure 720 and side channel 715, according to an
embodiment. In the example embodiment, side channel 715 connects to each of ports 712a
and 712b in a U-shape.

[0088] FIGs. 8A and 8B illustrate swabs being placed into the test cartridge system for
analysis, according to some embodiments. FIG. 8A illustrates a swab 802 placed within
chamber 524b of the cartridge housing. The chamber is sealed with port lid 512. In one
example, swab 802 has a length around 80 mm. It should be understood that chamber 524b
may be dimensioned to receive any length of swab without deviating from the scope or spirit of
the invention.

[0089] FIG. 8B illustrates another embodiment where a longer swab 806 is placed into
chamber 524b and sealed with an extended lid 804. Extended lid 804 may be used to seal
over swabs that are longer than chamber 524b, and stick out from the chamber opening. In
one example, longer swab 806 is around 100 mm in length. Longer swab 806 may be curved
and/or bent within chamber 524b.

Exemplary methods of operation

[0090] Example methods for performing fluid transfer between various chambers of both
embodiments of the cartridge housing and its corresponding transfer chamber are described
below.

[0091] FIG. 9 displays a flowchart of an example method 900 for transporting liquid through a
first embodiment of test cartridge system 100. It should be understood that method 900
describes one example operation sequence that can be performed with test cartridge system
100, and should not be considered limiting. Furthermore, method 900 may also be performed
using the second embodiment of test cartridge system 500.

[0092] At block 902, transfer module 104 is laterally moved within cartridge housing 102 to
align an inlet port of transfer module 104 to an outlet port of a first chamber, according to an
embodiment. The inlet port of transfer module 104 may be, for example, primary inlet port 306.
The outlet port of the first chamber may be, for example, any one of the row of inlet ports 228.

[0093] At block 904, a sample is drawn from the first chamber into transfer chamber 316 via
an applied first pressure differential, according to an embodiment. In an embodiment, the
applied pressure differential is applied at transfer pressure port 308. The applied pressure
differential may be a vacuum pressure in order to draw the sample into transfer chamber 316.
The sample may be introduced to the first chamber from a cotton swab or a liquid. The first
chamber may be, for example, the inner processing chamber or a processing chamber
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associated with sample port 114. Additionally, the sample may be any mixture of liquids, semi-
solids, solids, etc.

[0094] At block 906, transfer module 104 is laterally moved again within cartridge housing 102
to align an outlet port of transfer chamber 316 with an inlet port of a second chamber,
according to an embodiment. The outlet port of transfer chamber 316 may be, for example,
primary outlet port 312. The inlet port of the second chamber may be, for example, any one of
the row of liquid ports 210. As such, the inlet port of the second chamber may lead to any
chamber of cartridge housing 102, such as waste chamber 218, reaction chamber 216, swab
elution chamber 206, etc.

[0095] At block 908, the sample is drawn from transfer chamber 316 to the second chamber
via an applied second pressure differential, according to an embodiment. The second pressure
differential may be a positive pressure applied at transfer pressure port 308. Alternatively, the
second pressure differential may be a vacuum pressure applied at a vent/suction port 212 to
draw liquid into the chamber associated with the corresponding vent/suction port 212.

[0096] It should be understood that many more liquid drawing procedures may be performed
as would be understood by one having skill in the relevant art(s) given the description herein.
For example, after block 904, the transfer chamber may align its inlet port to a second outlet
port along the top of cartridge housing 102 to draw in another liquid stored in another storage
chamber. This procedure may be repeated as many times as desired depending on the
protocol necessary for the particular molecular test.

[0097] In another embodiment, following block 908, further steps may be performed to draw
the sample back into the transfer chamber, and expel the liquid into a third chamber. For
example, the second chamber may be swab elution chamber 206 while the third chamber may
be one of detection chambers 216. Any number of chambers may have liquid drawn into or
extracted out of as many times as desired. Thus, the system allows for a myriad of liquid
transfer patterns amongst the various chambers.

[0098] FIG. 10 displays a flowchart of an example method 1000 for transporting liquid through
a second embodiment of test cartridge system 500. It should be understood that method 1000
describes one example operation sequence that can be performed with test cartridge system
500, and should not be considered limiting.

[0099] At block 1002, transfer module 504 is laterally moved within cartridge housing 502 to
align a structure on an outer surface of transfer module 504 to at least a first port associated
with a first chamber and to a second port associated with a second chamber, according to an
embodiment. The first chamber may be, for example, input reservoir 622 while the second
chamber may be any of storage reservoirs 630a-g. The structure on the outer surface of
transfer module 504 may have a toroid shape to fit around both the first and second ports,
according to an embodiment.
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[0100] At block 1004, a sample is drawn from the first chamber to the second chamber via at
least the structure on the outer surface of transfer module 504, according to an embodiment.
In this way, the sample may move between the first and second chamber without passing
through, for example, a central chamber of transfer module 504.

[0101] At block 1006, the sample is drawn from the second chamber to a third chamber,
according to an embodiment. The third chamber may be central chamber 716 of transfer
module 504, and the liquid may enter central chamber 716 via a port through a wall of transfer
module 504. The port may be, for example, any of fluid ports 706, 712a or 712b illustrated in
FIGs. 7A and 7B. The third chamber may include components for mixing or filtering the
sample. In other embodiments, transfer module 504 may move laterally to align a port of
transfer module 504 to another port of housing 502 and expel the sample within its central
chamber through the aligned port. It should be understood that many more liquid drawing
procedures may be performed as would be understood by one having skill in the relevant art(s)
given the description herein.

Examples

[0102] Two example protocols to be performed using test cartridge system 100 are now
discussed. The first example protocol is directed to real-time PCR detection, while the second
example protocol is directed to an immunoassay. It should be understood that the steps recited
here provide possible examples for using the system, as well as for performing each test.

PCR Protocol

[0103] An example PCR protocol utilizes numerous processing chambers as well as reaction
chambers around cartridge housing 102. In one example, the PCR protocol uses the cartridge
housing embodiment illustrated in FIG. 2A. It should be understood that the protocol may also
be performed using the cartridge housing embodiment illustrated in FIGs. 6A - 6B. In this
example, five storage chambers are used and each contains a pre-loaded solution. The
storage chambers are labeled as such:

R1: Contains a wash-2 buffer
R2: Contains a lysis buffer

R3: Contains an elution buffer
R4: Contains a wash-3 buffer

R5: Contains a wash-1 buffer
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[0104] The example PCR procedure may be carried out using the workflow described herein
with reference to example test cartridge system 100 described above. Similar steps may be
performed using the various chambers and channels illustrated on test cartridge system 500
as well. The sample is introduced into test cartridge system 100 via a swab into swab
receptacle 114. Alternatively, the sample may be introduced via a second inlet directly into an
inner processing chamber to be lysed by an integrated bead beater system.

[0105] Once the sample has been introduced into test cartridge system 100, the entire test
cartridge is placed into an analyzer. The analyzer provides an actuator for moving transfer
module 104, one or more heating elements to perform the PCR reaction, and optical
measurement components. The analyzer may further couple to the pressure ports around
cartridge housing 102 and apply the necessary pressure differentials.

[0106] Transfer module 104 is aligned to draw in lysis buffer from R2 into the transfer
chamber. Transfer module 104 is aligned to move the lysis buffer to the swab elution chamber
206, where the sample from the swab is re-suspended in the lysis buffer. The sample, along
with the lysis buffer, may then be moved into the inner processing chamber via processing
ports 204 to perform lysis on the cells in the sample and release the DNA and/or RNA.
Following the lysing procedure, the sample is hereafter referred to as "the lysate.”

[0107] The lysate is drawn back into the transfer chamber from the inner processing chamber
via a vacuum pressure applied at the transfer chamber. Then, transfer module 104 is laterally
moved to align its output port to a port associated with the waste chamber. However, a filter is
disposed upstream from the waste chamber in order to capture the DNA sequences. Thus,
after applying positive pressure to the transfer chamber, the lysate passes through the filter on
its way to the waste chamber. The DNA will remain within the filter, while the bulk of any
unwanted matter will pass through to the waste chamber. The filter may be, for example, a
silicate matrix or a plurality of silica beads for entrapping the nucleic acid sequences.

[0108] Transfer module 104 is moved to align with R5 and draw wash-1 buffer into the
transfer chamber. Subsequently, wash-1 buffer is passed through the filter to further remove
any unwanted material in the filter. The buffer passes on to the waste chamber. A second wash
step is then performed with the wash-2 buffer. Transfer module 104 aligns with R1 to draw in
wash-2 buffer and moves again to align back with the fluidic channel containing the filter.
Wash-2 is passed through the filter and on to the waste chamber.

[0109] At this stage, it may be required to clean the transfer chamber before the DNA can be
brought back into it. As such, transfer module 104 is aligned with R4 and the wash-3 buffer is
drawn into the transfer chamber. The wash buffer may be mixed around in the transfer
chamber. Additionally, the wash-3 buffer may be transferred, for example, to the inner
processing chamber.

[0110] Transfer module 104 is laterally moved to align its top inlet port to the outlet port of R3.
A vacuum pressure is applied to draw the elution buffer into the transfer chamber. Afterwards,
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transfer module 104 is laterally moved to align its outlet port to the port associated with elution
chamber 220 on cartridge housing 102. The elution buffer is moved into elution chamber 220
via an applied positive pressure to the transfer chamber or via a vacuum pressure from a
vent/suction port connected to elution chamber 220.

[0111] The DNAis now ready to be removed from the filter and brought back into the transfer
chamber. The elution buffer from elution chamber 220 of cartridge housing 102 is drawn
through the filter using vacuum pressure back into the transfer chamber that is aligned to the
correct port for receiving the DNA solution. Transfer module 104 may now sequentially move
between the ports of the various reaction chambers and, via an applied positive pressure,
transfer liquid into each chamber.

[0112] Each reaction chamber may contain a reagent necessary for performing PCR with the
DNA. In an embodiment, the reagent is a pre-loaded, freeze-dried pellet which contains any
reagents necessary for performing PCR. The reagents will quickly re-hydrate when the DNA
solution is brought into each chamber.

[0113] Once the DNA solution has been finally transferred into one or more of the reaction
chambers, the rest of the process may be performed by the analyzer. That is, cycling of
heating and cooling steps in order to at least one of activate, denature, anneal, and extend the
DNA may be performed. Once the cycling is complete, the optical measurement system of the
analyzer can collect data from each reaction chamber to provide test results to the end user.

Immunoassay

[0114] An example immunoassay utilizes at least three of the storage chambers as well as a
variety of processing chambers around cartridge housing 102. In one example, the
immunoassay uses the cartridge housing embodiment illustrated in FIG. 2B. Similar to a PCR
protocol, the storage chambers contain pre-loaded solutions for performing the assay.
Additionally, specific capture antibodies may be immobilized within the detection chambers 226
to provide binding sites to the antigens of interest. Fluorescently-labeled antibodies may also
be pre-loaded in a lyophilized state into reaction chamber 224. In this example, the storage
chambers are labeled as such:

R1: Wash-1 buffer
R2: Assay buffer

R3: Wash-2 buffer

[0115] The immunoassay may be carried out using the workflow described herein with
reference to example test cartridge system 100 for clarity. The sample may be introduced into
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cartridge housing 102 through an inlet which leads directly to an inner processing chamber.
Once introduced, test cartridge system 100 is placed into the analyzer. The rest of the protocol
may be performed automatically by the analyzer system. Transfer module 104 is laterally
aligned with the inner processing chamber and the sample is drawn into the transfer chamber
via an applied vacuum pressure.

[0116] Once the sample is inside the transfer chamber, transfer module 104 laterally moves
again to align its output port to a port which leads to the elution chamber. The sample from the
elution chamber is then moved to the transfer chamber by passing through a membrane for
obtaining plasma from whole blood. Once the plasma sample (containing the antigen of
interest) is back in the transfer chamber, transfer module 104 may align with R2 and draw the
assay buffer into the transfer chamber. The assay buffer and the plasma sample are mixed in
the transfer chamber.

[0117] Once the plasma sample and the assay buffer are mixed, transfer module 104 laterally
moves again to align its output port to a port which leads to reaction chamber 224, with the
lyophilized fluorescently labeled antibodies. The sample + assay buffer mixture acts to
rehydrate the fluorescently labeled antibodies within reaction chamber 224. The rehydrated
fluorescent antibodies, the sample plasma, and the assay buffer are all combined and mixed
together. At this stage, if the antigen of interest is present in the mixture, the fluorescently
labeled antibodies will have bound to it. In an embodiment, heating and/or mixing may be
performed to enhance the reaction.

[0118] The resultant mixture is transported from reaction chamber 224 to each of detection
chambers 226. Once again, the mixture may be gently mixed or heated in each detection
chamber 226 to ensure interaction between the immobilized capture antibodies and the
antigen within the mixture.

[0119] Once mixing is complete, transfer module 104 aligns with R1 and draws the wash-1
buffer into the transfer chamber. The wash-1 buffer may be first transferred into the reaction
chamber and subsequently into each detection chamber containing the mixture. The wash-1
buffer clears away any unbound material. The wash-1 buffer continues through the detection
chambers and passes into the waste chamber.

[0120] A second wash step may be performed. Transfer module 104 aligns with R3 and draws
the wash-2 buffer into the transfer chamber. The wash-2 buffer may be first transferred into the
reaction chamber and subsequently into each detection chamber containing the mixture. The
wash-2 buffer clears away any unbound material. The wash-2 buffer continues through the
detection chambers and passes into the waste chamber. At this stage, any bound material to
the immobilized antibodies should be the antigen of interest along with the bound, fluorescently
labeled antibody.

[0121] The optical measurement system of the analyzer can now be used for each detection
chamber to quantify the amount of antigen based on the received fluorescent signal. The data
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collected may, for example, be plotted against a standard curve performed previously with
calibrators to obtain the quantitative results for the end user.

[0122] It should be appreciated that at the end of either protocol discussed above, the entire
test cartridge system 100 may be removed from the analyzer and safely disposed of. In
another embodiment, the resultant solution within one or more of the detection chambers may
be extracted for further analysis. Since the system is self-contained, numerous test cartridges
may be used with the same analyzer without concern for cross-contamination or fouling
between experiments.

[0123] Itis to be appreciated that the Detailed Description section, and not the Summary and
Abstract sections, is intended to be used to interpret the claims. The Summary and Abstract
sections may set forth one or more but not all exemplary embodiments of the present invention
as contemplated by the inventor(s), and thus, are not intended to limit the present invention
and the appended claims in any way.

[0124] Embodiments of the present invention have been described above with the aid of
functional building blocks illustrating the implementation of specified functions and relationships
thereof. The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined so long as the
specified functions and relationships thereof are appropriately performed.

[0125] The foregoing description of the specific embodiments will so fully reveal the general
nature of the invention that others can, by applying knowledge within the skill of the art, readily
modify and/or adapt for various applications such specific embodiments, without undue
experimentation, without departing from the general concept of the present invention.
Therefore, such adaptations and modifications are intended to be within the meaning and
range of equivalents of the disclosed embodiments, based on the teaching and guidance
presented herein. It is to be understood that the phraseology or terminology herein is for the
purpose of description and not of limitation, such that the terminology or phraseology of the
present specification is to be interpreted by the skilled artisan in light of the teachings and
guidance.

[0126] The breadth and scope of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with the
following claims.
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Patentkrav

1. Patronsystem (100) omfattende:

et patronhus (102) omfattende:
mindst ét proveindigb (114);

en flerhed af lagerkamre (116);

en flerhed af reaktionskamre (216); og

et fluidnetveerk, der forbinder det mindst ene praveindlgb (114), i det mindste
en del af flerheden af lagerkamre (116) og i det mindste en del af flerheden af
reaktionskamre (216) med en forste flerhed af porte (210) placeret pa en indre
overflade af patronhuset (102); og

et hult overfgrselsmodul (104) anbragt inden i patronhuset (102), der omfatter
en eftergivelig kappe (108) omkring et hus (110), og en anden flerhed af porte
(312) langs en ydre overflade af overforselsmodulet (104), som farer til et cen-
tralt kammer (316) af overfgrselsmodulet (104), hvor overfarselsmodulet (104)
er indrettet til at bevaege sig sideveerts langs en laengde af patronhuset (102),
hvor sideveerts beveegelse af overfgrselsmodulet (104) justerer mindst en del
af den forste flerhed af porte (210) med i det mindste en del af den anden
flerhed af porte (312).

2. System ifglge krav 1, hvor patronhuset (102) endvidere omfatter en flerhed
af behandlingskamre, og hvor fluidnetvaerket ogsa forbinder i det mindste en
del af flerheden af behandlingskamre med den fgrste flerhed af porte (210).

3. System ifglge krav 2, hvor flerheden af behandlingskamre er anbragt langs
en sideflade af patronhuset (102).

4. System ifglge krav 1, der yderligere omfatter et seet af ventilkanaler dannet
af en graenseflade mellem patronhuset (102) og det hule overfgrselsmodul
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(104).

5. System ifolge krav 1, hvor en ydre overflade af det hule overfgrselsmodul
(104) omfatter hgjdekamme.

6. System ifglge krav 5, hvor hgjdekammene har en toroidform.

7. System ifglge krav 5, hvor hgjdekammene definerer et omrade pé overfar-
selsmodulets (104) ydre overflade, der er konfigureret til at vaere justeret med
mindst to af de farste flerheder af porte (210) og tillade fluid at stremme mellem
de mindst to af den forste flerhed af porte (210).

8. System ifglge krav 5, hvor hgjdekammene definerer en flerhed af ventilom-
rader koblet til fluidnetvaerket via overfarselsmodulet (104).

9. System ifglge krav 8, hvor ventilomraderne er konfigureret til at definere en
overfgrselsbane for vaeskepraver blandt preveindlgbet (114), flerheden af op-
bevaringskamre (116), flerheden af reaktionskamre (216) og det centrale kam-
mer (316).

10. System ifolge krav 1, hvor mindst et af flerheden af lagerkamre (116) ind-
befatter en abning konfigureret til at udlufte lagerkammeret (116).

11. System ifglge krav 1, der yderligere omfatter en flerhed af forblandings-
kamre placeret langs en sideflade af patronhuset (102).

12. System ifolge krav 11, der yderligere omfatter et eller flere reagenser for-
seglet i mindst ét af flere lagerkamre (116), flerheden af reaktionskamre (216)
og flerheden af forblandingskamre.

13. System ifglge krav 12, hvor det ene eller flere reagenser frysetorres.

14. System ifglge krav 1, hvor flerheden af opbevaringskamre (116) er anbragt
langs en topflade af patronhuset (102).
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15. System ifelge krav 1, hvor flerheden af reaktionskamre (216) er anbragt
langs en sideflade af patronhuset (102).

16. System ifalge krav 15, hvor patronhuset (102) endvidere omfatter et eller
flere optiske adgangsvinduer placeret under flerheden af reaktionskamre
(216).

17. System ifolge krav 1, der yderligere omfatter en farste film, som forsegler
flerheden af lagerkamre (116), og en flerhed af film, der forsegler flerheden af
reaktionskamre (216).

18. System ifglge krav 17, hvor den farste film, der forsegler flerheden af la-
gerkamre (116), er i kontakt med en termisk styret overflade.

19. System ifglge krav 17, hvor flerheden af film, som forsegler flerheden af
reaktionskamre (216), er i kontakt med en termisk styret overflade.

20. System ifalge krav 19, hvor en temperatur pa den termisk styrede overflade
er pavirket af enten et termoelektrisk system eller af et resistivt varmesystem
eller ved opvarmning af luft eller ved afkgling af luft.

21. System ifglge krav 1, hvor det mindst ene praveindlgb (114) er dimensio-
neret til at modtage en prgve via en svaberpind.

22. System ifolge krav 1, hvor det mindst ene prgveindlgb (114) er konfigureret
til at modtage faste og flydende prover.

23. System ifelge krav 1, hvor patronhuset (102) endvidere omfatter mindst en
luftindlgbsport.

24. System ifglge krav 23, hvor den mindst ene Iuftindlgbsport er konfigureret
til forbindelse til en ekstern trykkilde.
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25. System ifglge krav 23, der yderligere omfatter et filter koblet til den mindst
ene luftindlgbsport.

26. System ifglge krav 23, der yderligere omfatter et bufferkammer koblet il
den mindst ene luftindlebsport og konfigureret til at holde en vaeske, inden
vaesken undslipper gennem den mindst ene luftindlgbsport.

27. System ifglge krav 1, hvor det hule overfgrselsmodul (104) er konfigureret
til at bevaege sig sideveerts via en linezer aktuator.

28. System ifglge krav 27, hvor den linesere aktuator er konfigureret til at be-
vaege overfarselsmodulet (104) mellem diskrete trin.

29. System ifglge krav 1, hvor patronhuset (102) endvidere omfatter et middel
til centrering af systemet inden i en analysator.

30. System ifglge krav 1, hvor mindst en af den anden flerhed af porte (312)
er placeret i det vaesentlige ved et laveste punkt i det centrale kammer (316).

31. System ifelge krav 30, hvor vaegge i det centrale kammer (316) er skra-
nende for derved at afdraene en vaeske tilstrackkeligt i det centrale kammer
(316) gennem den mindst ene af den anden flerhed af porte (312).

32. System ifglge krav 1, hvor patronhuset (102) endvidere omfatter et filter
koblet til fluidnetvaerket.

33. System ifglge krav 32, hvor filteret er en silikat-matrice eller omfatter en
flerhed af silika-perler.

34. System ifelge krav 1, der yderligere omfatter en omraringsstang anbragt
inden i det centrale kammer (316).

35. System ifolge krav 1, hvor patronhuset (102) endvidere omfatter en flerhed
af veeskefolsomme omrader.
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36. System ifglge krav 35, hvorved en tilstedeveerelse af vaeske detekteres
ved de vaeskefolsomme omrader under anvendelse af en optisk sensor.

37. System ifglge krav 1, hvor patronhuset (102) endvidere omfatter en flerhed
af fritter koblet til fluidnetvaerket.

38. Overfgrselsmodul (104), der er hensigtsmaessigt til anvendelse i systemet
ifalge krav 1 og konfigureret til at opbevare og transportere flydende prover,
hvor overfgrselsmodulet (104) omfatter:

et indre hus, der omslutter et centralt kammer (316);

en eftergivelig kappe (108) dannet omkring det indre hus, hvilken kappe (108)
omfatter:

monstrede hgjdekamme langs den ydre overflade af kappen (108), hvor de
monstrede hgjdekamme er konfigureret til at definere en flerhed af ventilom-
rader langs den ydre overflade af kappen (108), nar overfarselsmodulet (104)
er anbragt inden i en omslutning, der kommer i kontaki med de mgnstrede
hgjdekamme; og

en flerhed af porte, der strackker sig gennem kappen (108) og det indre hus
ind i det centrale kammer (316),

hvor et af flerheden af ventilomrader er konfigureret til at blive trykt separat fra
andre omrader i flerheden af ventilomrader.

39. Overfgrselsmodul (104) ifalge krav 38, hvor en fluidstrgm forekommer en-
ten ind i eller ud af det centrale kammer (316) via en eller flere af flerheden af
porte, nér ét af flerheden af ventilomrader er under tryk.

40. Overfarselsmodul (104) ifalge krav 38, hvor de manstrede hgjdekamme er
yderligere konfigureret til at definere et omrade pa ydersiden af kappen (108),
som er justeret med mindst to porte i et hus, der i det vaesentlige omgiver
overfarselsmodulet og tillader vaeske at stramme mellem de mindst to porte.
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41. Overfarselsmodul (104) ifalge krav 38, hvor det indre hus og kappen (108)
er dannet som en enkelt sprgjtestgbt enhed.

42. Overfarselsmodul (104) ifglge krav 38, hvor flerheden af porte er anbragt
langs en side af overfarselsmodulet og langs en top af overfagrselsmodulet.

43. Overforselsmodul (104) ifelge krav 38, hvor en flerhed af de monstrede
hgjdekamme er toroidformede.

44. Overfarselsmodul (104) ifelge krav 38, hvor mindst en af flerheden af porte
er placeret i det vaesentlige ved et laveste punkt i det centrale kammer (316).

45. Overfarselsmodul (104) ifglge krav 44, hvor vaegge i det centrale kammer
(316) er skranende for i tilstreekkelig grad at draene en vaeske i det centrale
kammer (316) gennem den mindst ene af flerheden af porte.

46. Overfarselsmodul (104) ifglge krav 38, der yderligere omfatter en omrg-
ringsstang anbragt inden i det centrale kammer (316).

47. Overfarselsmodul (104) ifalge krav 38, der yderligere omfatter et lag, der
er konfigureret til at forsegle den ene ende af det centrale kammer (316) og
har en skranende konstruktion inde i det centrale kammer (316).

48. Overforselsmodul (104) ifelge krav 47, hvor den skranende konstruktion
omfatter en flerhed af kanaler konfigureret til at lede veeske inde i det centrale
kammer (316) til en eller flere af flerheden af porte.

49. Fremgangsmade til anvendelse af systemet ifolge krav 1, hvilken frem-
gangsmade omfatter:

sideveerts bevaegelse af et overfgrselsmodul til at justere en farste port af over-
forselsmodulet med et centralt kammer (316) med en port i et farste kammer;

sugning af en prove ind i det centrale kammer (316) fra det forste kammer via
en forste trykforskel;
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sideveerts beveegelse af overfgrselsmodulet for at justere en anden port i over-
forselsmodulet med en port i et andet kammer; og

sugning af praven ind i det andet kammer fra det centrale kammer (316) via
en anden trykforskel.

50. Fremgangsmade ifglge krav 49, der yderligere omfatter blanding af prgven
indfgrt i det forste kammer med en buffer placeret i det forste kammer.

51. Fremgangsmade ifelge krav 49, der yderligere omfatter blanding af praven
suget ind i det centrale kammer (316) fra det forste kammer med en vaeske,
som allerede er til stede i det centrale kammer (316).

52. Fremgangsmade ifolge krav 49, der yderligere omfatter indfaring af praven
i det forste kammer via en svaberpind, der baerer prgven.

53. Fremgangsmade ifalge krav 49, der yderligere omfatter:
behandling af preven i det andet kammer;

sugning af praven ind i det centrale kammer (316) fra det andet kammer via
en tredje trykforskel;

sideveerts beveegelse af overfarselsmodulet for at justere den anden port af
overfarselsmodulet med en port i et tredje kammer;

sugning af praven ind i det tredje kammer fra det centrale kammer (316) via
en fierde trykforskel; og

maling af en eller flere kvaliteter af proven, mens denne befinder sig i det tredje
kammer.

54. Fremgangsmade ifalge krav 53, hvorved maling omfatter optisk méaling af
et fluorescenssignal.
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55. Fremgangsmade ifalge krav 53, hvorved maling omfatter optisk méaling af
en absorbans.

56. Fremgangsmade ifalge krav 53, der yderligere omfatter opvarmning af pro-
ven efter enten sugning af prgven ind i det andet kammer eller sugning af pro-
ven ind i det tredje kammer.

57. Fremgangsmade ifolge krav 49, der yderligere omfatter gentagelse af side-
veerts bevaegelse af overfarselsmodulet til at justere den farste port af overfor-
selsmodulet med forskellige porte i et eller flere kamre.

58. Fremgangsmade ifalge krav 57, der yderligere omfatter sugning af en eller
flere vaesker ind i det centrale kammer (316) fra det ene eller flere kamre via
en eller flere trykforskelle.

59. Fremgangsmade ifolge krav 49, der yderligere omfatter gentagelse af side-
veerts beveegelse af overfarselsmodulet for at justere den anden port af over-
forselsmodulet med forskellige porte i et eller flere kamre.

60. Fremgangsmade ifolge krav 59, der yderligere omfatter sugning af en eller
flere veesker ind i det centrale kammer (316) fra det ene eller flere kamre via
en eller flere trykforskelle.

61. Fremgangsmade ifalge krav 59, der yderligere omfatter sugning af en eller
flere veesker ind i det ene eller flere kamre fra det centrale kammer (316) via
en eller flere trykforskelle.

62. Fremgangsmade ifglge krav 49, der yderligere omfatter:
behandling af preven i det andet kammer;

sugning af praven ind i det centrale kammer (316) fra det andet kammer via
en tredje trykforskel;

sideveerts beveegelse af overfarselsmodulet for at justere den anden port af
overfarselsmodulet med en port i et tredje kammer;
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sugning af praven ind i det tredje kammer fra det centrale kammer (316) via
en fjerde trykforskel;

behandling af preven i det tredje kammer;

sideveerts beveegelse af overfarselsmodulet for at justere den anden port af
overfarselsmodulet med en port i et fierde kammer;

sugning af praven ind i det fjerde kammer fra det centrale kammer (316) via
en femte trykforskel; og

maling af en eller flere kvaliteter af proven, mens denne befinder sig i det fjerde
kammer.

63. Fremgangsmade ifolge krav 49, hvorved sugning af proven ind i det andet
kammer omfatter, at praven strammer gennem et filter.

64. Fremgangsmade ifolge krav 49, hvorved sugning af proven ind i det andet
kammer omfatter, at preven strammer gennem en fluidopdeler ind i et eller
flere underkamre.

65. Fremgangsmade ifolge krav 49, der yderligere omfatter blanding af prgven
inde i det centrale kammer (316) med en magnetisk omraringsstang.
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Laterally translate a transfer module to align an
inlet port of the transter module to an outlet port
of the first chamber

Draw a sample from the first chamber into a
transfer chamber via an applied first pressure
differential

Laterally translate a transfer module to align an
inlet port of the transfer module to an outlet port
of the second chamber

Draw the sample from the transfer module into
the second chamber via an applied second
pressure differential
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Laterally translate a transfer module to align a 1002

structure on an outer surface of the transfer
module to at least a first port and a second port

Draw a sample from the first chamberto a 1004
second chamber via the structure aligned over

the first port and second port
Draw the sample from the second chamber to a 1006
third chamber within the transfer module

Fig. 10
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