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(54) Title: CENTRIPETAL MICROFLUIDIC PLATFORM FOR LAL-REACTIVE SUBSTANCES TESTING

(57) Abstract: A centripetal microfluidic platform comprised
of a microfluidics disc and a reader for testing LAL-reactive
substances in fluid samples is provided. The microfluidic disc
may comprise at least two testing areas wherein each testing
area includes a reservoir portion for receiving at least one flu-
id sample. The disc may comprise a distribution network por-
tion in fluid communication with the reservoir portion. Each
distribution network portion may comprise a distribution net-
work of at least four (4) channels, wherein each channel has a
metering portion and at least one analysis chamber portion.
The analysis chamber portion may comprise a mixing cham-
ber for mixing samples and reagents and an optical chamber
portion that is compatible with an optical reader. The meter-
ing portion may be sized to meter an aliquot of the fluid
sample for analysis in the analysis chamber portion. At least
one analysis chamber portion has at least one reagent isolated
therein. The centripetal microfluidic platform further includes
a reader for testing fluid samples within a microfluidic disc
comprising an enclosure, an optical bench, a centripetal disc
drive, and a controller. A method for testing at least one fluid
sample for LAL-reactive substances is also provided.
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FIELD OF THE INVENTION

[0001] The present invention is directed to the field of determining the concentration of
LAL-reactive substances in a fluid sample, and more particularly, the present invention
relates to a centripetal microfluidic platform and disc for measuring the concentration of

LAL-reactive substances in fluid samples.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application is entitled to the benefit of Provisional Patent Application Serial
No. 61/710,908 filed October 8, 2012 and titled MICROFLUIDIC BACTERIA
ENDOTOXIN TESTING METHOD AND APPARATUS; Provisional Patent Application
Serial No. 61/710,990 filed October &, 2012 and titled CENTRIPETAL MICROFLUIDIC
PLATFORM FOR BACTERIAL ENDOTOXIN TESTING; Provisional Patent Application
Serial No. 61/710,898 filed October 8, 2012 and titled SENSITIVE AND RAPID
METHOD FOR DETECTION OF LOW LEVELS OF ENDOTOXINS USING LAL
REAGENTS; and Provisional Patent Application Serial No. 61/710,903 filed October 8,
2012 and titled MICROPLATES PRELOADED WITH ENDOTOXIN DETECTION
REAGENTS WITH CALIBRATION MEANS. All of the above listed applications are

herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0003] Microbial contamination, such as Gram positive bacteria, Gram negative bacteria,
yeast, and fungi may cause severe illness and even death in humans. When people become
infected with gram negative bacteria, the bacteria may produce fever-inducing bacterial
endotoxins. Endotoxins can be dangerous and even deadly to humans. Endotoxin
molecules, which are lipopolysaccharide components of cell walls of gram negative
bacteria, can be present in drug formulations and surfaces of medical devices, independent
of microbial contamination. Endotoxin contamination can happen even if a system passes a

sterility test, which is why an independent endotoxin test is required.
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[0004] Currently, a variety of tests have been developed to detect the presence of endotoxin
in or on the sample being tested using hemocyte lysates from horseshoe crabs. Clotting will
occur when the hemocyte lysate is exposed to the endotoxin. Hemocyte lysate is amebocyte
lysate produced from the hemolymph of various horseshoe crab species, including the
Limulus, Tachypleus, and Carcinoscorpius species. A commonly used amebocyte lysate is
produced from the hemolymph of Limulus, or Tachypleus species, is referred to as Limulus
amebocyte lysate (“LAL”). Routine tests that use LAL as a test reagent include gel clot
assays, end point turbidimetric assays, kinetic turbidimetric assays, endpoint chromogenic
assays, and kinetical chromogenic assays. Tests that use LAL reagent may also be used to
test for certain types of glucans, a marker for fungal contamination.

[0005] More information on LAL assays and the standards used may be found in United
States Pharmacopeia (“USP”’) Chapter 85 “Bacterial Endotoxins Test” (“BET”), Japanese
Pharmacopeia 4.01 “Bacterial Endotoxin Test”, European Pharmacopoeia 2.6.14 “Bacterial
Endotoxins”, and other equivalent national Pharmacopeias. Additional internationally
harmonized pharmacopeia information can be found in ICH Q4B Annex 14 “Bacterial
Endotoxin Test General Chapter”. For endotoxin testing in medical devices, information
can be found in USP Chapter 161 “Transfusion and Infusion Assemblies and Similar
Medical Devices” and ANSI/AAMI ST72 “Bacterial endotoxins - Test methods, routine
monitoring, and alternatives to batch testing”. These standards and procedures may be

generally referred to as compendia.

[0006] Manufacturers in the pharmaceutical, medical device and food industries must meet
certain standards to make sure their products do not contain microbial or endotoxin
contamination. These industries require frequent, accurate, and sensitive testing for the
existence of endotoxins to meet various safety standards, such as those set by the United
States Food and Drug Administration, or the Environmental Protection Agency. These
agencies accept many of the compendia procedures standards. Thus, if manufacturers want
to obtain government approval to release a new product to market, many of the FDA
requirements may be met if the products comply with the methods and standards in the
compendia listed above. This can substantially reduce the cost to manufacturers to obtain

FDA approval of new products.
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[0007] These agencies also have strict reporting requirements when test results show bad
results, or endotoxin concentrations outside the expected range. Such non-compliant results
must be thoroughly investigated to find the root cause and explained to the regulating
agency. This is time consuming and costly. If manufacturers can show the non-compliant
result occurs because of an anomaly in the test itself, and not because of the presence of an
endotoxin actually in or on the sample, many of the reporting requirements to the agencies
may be satisfied. This may reduce the time and cost incurred to fulfill such reporting
obligations. To date, there are no known methods or apparatuses that are capable of

distinguishing between anomalies or errors in the test itself and an anomaly in the sample.

[0008] These assays in the various compendia require aqueous solutions comprising known
concentrations of an endotoxin for use as “standards”. These aqueous solutions are typically
unstable; therefore they are usually made from powdered toxins at the test location just prior
to testing. The LAL reagent also usually comes in powder form and must be reconstituted in
an aqueous solution before use.

[0009] Preparation of the endotoxin and LAL powders is difficult due to the slow solvation
of the critical biological molecules and their propensity to stick to surfaces during mixing
and condense on surfaces afterwards. The LAL reagent also starts reacting slowly upon
reconstitution and has a very short shelf life. While the best practice would be to mix these
immediately before use, workflow typically dictates mixing them at the start of the process.
Also, the process of preparation is prone to contamination from endotoxins which are
ubiquitous in the environment.

[0010] The agencies also require a series of calibration tests to ensure the equipment and
reagents used are functioning properly. The calibration tests and sample measurements must
also be made more than once. The current laboratory method of complying with BET and
other compendia is very detailed and requires repetitive and highly precise measuring of
fluid volumes for distribution into multiple inlets of a microplate or the like without
contamination.

[0011] The most common method of performing an LAL analysis is with a microwell plate
and reader. A matrix of reaction wells, open at the top and with a clear window on the
bottom, are placed in a heated spectrophotometric reader used for multiple, simultancous

assays. There are many drawbacks, including the lengthy time it takes to prepare the plate,
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its high cost, the opportunity for mistakes and contamination, and the need to have the work
done by a technician specifically trained for and dedicated to this task.

[0012] Highly skilled operators are continuously monitored to ensure proper technique and
accuracy of measurement and testing, and the operators are retrained as needed so as to
ensure accuracy of the repetitive actions. Typical methods may have as many as 248 slow
and time consuming pipetting steps, making it an error prone method due to its complexity
and contamination prone due to its length and number of manipulations.

[0013] Methods and devices have been developed to reduce the amount of steps or
automated some or all of the steps in endotoxin testing. Some methods include automating
one or more pipetting or aliquoting steps, automated mixing of samples, or preloading
reagents in test substrates that allow only a very limited number of tests. All of the
developed methods or devices, however, are missing one or more of the following aspects,
low cost automation designed into the substrate, disposable clean substrate to insure
cleanliness, compendial testing compliance on each substrate, built in individual test
measurement validation, and simplicity of measurement operation.

[0014] Other microfluidic methods exist to partially automate the assay process, but these
are not fully compatible with the compendia methods due to their limited size and their
reliance on a stored calibration rather than on calibrations run at the same time in the same
apparatus using the same reagents and standards. It also requires a precise sample
measurement; no aliquots are generated by the instrument or apparatus itself.

[0015] Other automated methods rely on robotics to measure and distribute samples and
reagents in a microplate. Once prepared, the plate is loaded in a reader, either manually or
using another robot. The robot is typically a pipette-based dispensing system which
accurately transfers samples and reagents from a vial rack to the plate, replacing pipette tips
to prevent cross-contamination. This is an expensive system which needs frequent
validation of its robotic operations and multiple disposables (pipette tips, multiwell plates,
dilution tubes, pipette filling trays, sampling vials, etc.) for each run. It also prepares the
wells in sequence, and like manual preparation, cannot start all the reactions
simultaneously. Contamination is still an issue and since the process is typically
unmonitored, there is no legitimate way of rejecting contaminated samples for cause.

[0016] An automated system based on flow injection or sequential injection analysis has
also been developed. It a significant improvement in that it does analyses simultancously
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and thus faster and as specified by compendia, and uses disposable microfluidics which do
not require cleaning and are not prone to contamination.

[0017] To date, however, there are no known methods or apparatuses that are capable of
reducing the number steps the user has to perform in preparing and measuring both the
calibration standards and measurement samples while complying with compendia.

[0018] Accordingly, there exists a need for a more semi-automated testing method or
procedure for testing and analyzing the endotoxin concentration in a fluid sample which
reduces or climinates the amount of potential operator error and also complies with

compendia.

BRIEF SUMMARY OF THE INVENTION

[0019] The present invention includes a microfluidic disc, systems and methods capable of
performing LAL analysis, including multiple analyses for a single sample from a single
source, analyses from the same source that have been “spiked” with additional endotoxin or
glucan, standard concentrations of endotoxin or glucan, and blank water (“blank” or “LAL
reagent water”). These analyses can be performed simultancously in the same microfluidic
disc that may be a disposable device.

[0020] The present invention may be used to detect any LAL-reactive substance. As used
herein LAL-reactive substance means a substance that reacts with an LAL reagent
(detection reagent), including endotoxin or 1,3-8-D-glucans such as laminarin and curdlan.
The present invention may also be used with any commercial source of LAL reagent or
detection reagent, or any other reagents suitable for assaying LAL-reactive substances.
[0021] The present invention may reduce the number of steps the user has to perform in
preparing and measuring both the calibration standards and samples. It may reduce the need
for a high level of skill, experience, and training, and reduces costs, times, and the
opportunity for human error. The present invention may also be utilized to distinguish
between anomalies or errors in the test itself and an anomaly in the sample. In addition, the
invention may be utilized in a manner that complies with compendia requirements and
FDA regulations.

[0022] The invention is also suitable for use with all quantitative compendia and
photometric methods relating the reaction progress to endotoxin levels, including 1) kinetic

chromogenic, where the time until the optical absorption changes by a specified amount is
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related to concentration, 2) endpoint chromogenic, where the optical absorption change over
a fixed time is related to concentration, 3) kinetic turbidimetric, where the time until the
turbidity (usually measured by optical absorption) changes by a specified amount is related
to concentration, and 4) endpoint turbidimetric, where the turbidity change over a fixed time
is related to concentration. The microfluidic disc enables the user to perform at least two
simple or unadulterated analyses and at least two spiked analyses on each measurement
sample, and at least two analyses of standards and blanks (calibration samples). This may be
accomplished by having a reservoir portion in the microfluidic disc for each fluid sample
and a distribution network to at least four areas where samples may be precisely metered
into exact volumes.

[0023] As used in this specification, the term “fluid sample” may include not only the
sample to be analyzed (“measurement sample”), but water that shows no reaction with the
endotoxin detection reagent or lysate employed at the detection limit. Samples of non-
reactive water may also be referred to as “blanks”, “LAL Reagent Water”, “Water for BET”
or “Water for Injection”. The term “fluid sample” may also include solutions comprising a
prepared solution comprising reagents, standards, spikes, or a prepared detection reagent.
Reagent, as used herein, is used broadly and includes any substance chemical, or solution
that is used the laboratory to detect, measure, otherwise examine substances, chemicals, or
solutions, or aid in such examination. Reagent includes standards and detection reagents.
Suitable detection reagents for LAL-reactive substances include LAL reagent, recombinant
Factor C reagent, a mixture of recombinant Factor C and LAL reagent, and preparations that
include sushi peptides, sushi peptide fragments, sushi peptide dimers, and other specific
binding proteins such as antibodies and receptor binding proteins derived from
bacteriophages. The term “fluid sample” may also include prepared solutions of endotoxin
or glucan standard (“LAL-reactive substance” or “standard”). Each fluid sample type listed
above may have its own reservoir portion or two or more of the fluid sample types may
share at least one introduction port.

[0024] The disc enables the user to combine and mix metered samples and any reagents or
standards that may be present. The disc may also have one or more optical chambers and
may be inserted into an optical reader to measure optical changes in the fluid samples.
[0025] The microfluidic disc may also contain similar structures for the analysis of blanks
and standards that do not contain a distribution network for the sample, so that a standard or

7
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blank and reagent are the fluids mixed and analyzed. At least three standards at different
levels may be analyzed, with each standard and the blank having the means of being
analyzed in at least three replicates from a single sample. Thus the disc supports analysis, in
triplicate, of calibration standards at three different levels and a blank. The disc as described
above allows for all the tests required by the compendia to be performed in one disc using
the same sample.

[0026] In one embodiment, the measurement samples, reagents, and standards may all be
introduced as prepared liquids ready for use. A single fluid sample of each type may be
introduced to the disposable apparatus and then distributed.

[0027] In another embodiment, blank water may be used for the blank analysis and to
distribute and dilute a single standard at the highest level. Thus, the standard is diluted as
necessary by distribution, precise metering, and mixing to produce the other standards or
spikes.

[0028] In yet another embodiment, the disc may be pre-loaded with standard, reagent, or
mixtures thercof. The standards may be isolated in portions of the disc as a liquid or dried
preparation that may be diluted or reconstituted. This eliminates the need for a standard
introduction port. The isolated standards may be distributed or used directly in the mixing
or analysis portions of the apparatus. For standard analyses, the standards are mixed with
blank water and then distributed or used directly. For spikes, the standard may be
reconstituted with sample, reagent, or a mixture of the two.

[0029] The reagent may also be isolated in the disc as a liquid or dried preparation, such
that it may be diluted or reconstituted with blank water, and then distributed and used. This
blank water may be sourced from the same reservoir as the analyzed blanks. The reagent
may be isolated in each mixing area or other area unique to each analysis for reconstitution
with blank water, sample, or both.

[0030] Alternatively, both the reagent and standards may be isolated in the disc. Thus, only
samples and blank water need be added to the apparatus for analysis. It should also be
noted that when the detection or LAL reagent is immobilized in a dry form, it may be
reconstituted with samples or standards instead of blank water, increasing the relative
concentration of the material to be analyzed and increasing the speed and sensitivity of the
assay.

[0031] In one aspect of the invention, a microfluidic disc for use with a centripetal

8
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microfluidics system is disclosed. The microfluidic disc may comprise at least two testing
areas wherein each testing area includes a reservoir portion for receiving at least one fluid
sample. The reservoir portion may comprise a reservoir and a reservoir outlet. The disc
may comprise a distribution network portion in fluid communication with the reservoir
portion. Each distribution network portion may comprise a distribution network of at least
four (4) testing channels, wherein each testing channel has a metering portion and at least
one analysis chamber portion. The metering portion may be sized to meter an aliquot of
the fluid sample for analysis in the analysis chamber portion. At least one testing channel
portion has at least one reagent isolated therein. The reagent may comprise a LAL-
reactive substance.

[0032] In another embodiment of the disc, at least one distribution network is a
calibration network comprising at least eight (8) testing channels. At least two (2) of the
channels have no LAL-reactive substance therein. At least two (2) of the channels have a
first amount of a LAL-reactive substance isolated therein. At least two (2) of said
channels have a second amount of a LAL-reactive substance isolated therein, and at least
two (2) of the channels have a third amount of a LAL-reactive substance isolated therein.
[0033] In yet another embodiment of the disc, at least one distribution network is a
sample measurement network comprising at least four (4) testing channels. At least two
(2) of the channels have no LAL-reactive substance therein and at least two (2) of the
channels have a spike with a fourth amount of a LAL-reactive substance isolated therein.
[0034] In another embodiment of the microfluidic disc, at least one valve may be
positioned between a) the reservoir portion and the distribution network portion and/or b)
the metering portion and the analysis chamber portion. The valve may be configured to
allow centrifugal forces to motivate the aliquot to flow across the valve from the metering
portion to the analysis chamber portion.

[0035] In yet another embodiment, all of the analysis chamber portions may comprise a
mixing chamber and an optical chamber. The mixing chamber may have at least one
additional reagent isolated therein. The additional reagent may comprise a detection
reagent. The mixing chamber may have thick sidewalls optimized for mixing the detection
reagent immobilized on the sidewalls with the aliquot. The thick sidewalls may promote
flow paths that mix the reagents and the aliquot close to the thick sidewalls. In another
embodiment, the analysis chamber may be configured to enable mixing the aliquot with

9
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the reagent using at least one of the Coriolis effect, inertial effect, or bubbles and/or beads
entrained therein.

[0036] In yet another embodiment, the distribution network portion may further comprise
a main distribution channel, a waste inlet channel, and a waste chamber for confining any
excess fluid sample and separating the excess from the aliquot. In another embodiment, the
disc may be configured to allow centrifugal forces to eliminate bubbles from the sample
fluid in the optical chamber portion.

[0037] In another embodiment, a reader configured to test fluid samples in a microfluidic
disc is disclosed. The reader may comprise an enclosure, an optical bench, a centripetal
disc drive, and a controller. The microfluidic disc may comprise at least two testing areas
wherein each testing area includes a reservoir portion for receiving at least one fluid
sample. The reservoir portion may comprise a reservoir and a reservoir outlet. The disc
may comprise a distribution network portion in fluid communication with the reservoir
portion. Each distribution network portion may comprise a distribution network of at least
four (4) channels, wherein each channel has a metering portion and at least one analysis
chamber portion. The metering portion may be sized to meter an aliquot of the fluid
sample for analysis in the analysis chamber portion.

[0038] In another aspect, the enclosure may include an inlet for inserting a fluid sample
into a reservoir of the disc. The inlet and reader may be configured to prevent the user
from inserting the fluid sample into an incorrect reservoir.

[0039] In yet another embodiment of the reader, at least one distribution network may be
a calibration network comprising at least eight (8) testing channels. At least two (2) of the
channels have no LAL-reactive substance therein. At least two (2) of the channels have a
first amount of a LAL-reactive substance isolated therein. At least two (2) of the channels
have a second amount of a LAL-reactive substance isolated therein, and at least two (2) of
the channels have a third amount of a LAL-reactive substance isolated therein.

[0040] In another aspect of the reader, at least one distribution network may be a sample
measurement network comprising at least four (4) testing channels. At least two (2) of the
channels have no LAL-reactive substance therein, and at least two (2) of the channels
have a spike with a fourth amount of a LAL-reactive substance isolated therein.

[0041] In yet another embodiment of the invention, a method for testing at least one fluid
sample for LAL-reactive substances is disclosed. The method may comprise inserting a

10
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microfluidic disc into a optical reader. The microfluidic disc may comprise at least two
testing areas wherein each testing area includes a reservoir portion for receiving at least
one fluid sample. The reservoir portion may comprise a reservoir and a reservoir outlet.
The disc may also comprise a distribution network portion in fluid communication with
the reservoir portion. Each distribution network portion may comprise a distribution
network of at least four (4) channels, wherein each channel has a metering portion and at
least one analysis chamber portion comprising an optical chamber. The metering portion
may be sized to meter an aliquot of the fluid sample for analysis in the optical chamber.
[0042] The reader may comprise an enclosure, an optical bench, a centripetal disc drive,
an inlet for introducing said fluid sample into said disc, and a controller. A fluid sample is
inserted into the inlet of the reader. The reader spins the disc until a reaction velocity is
reached. The reader analyzes the aliquot in the optical chamber using the optical bench to
obtain measurement data and/or reaction data. The measurement data and/or reaction data
and calibration curves may be used to calculate testing results. The reader may then report
and/or store the test results.

[0043] In another embodiment, at least one reagent comprising a detection reagent and/or
LAL-reactive substance may be introduced into the reader inlet. The reader may spin the
disc until reaction velocity is reached. The aliquot is allowed to react with the detection
reagent. The aliquot may be analyzed in the optical chamber using the optical bench to
obtain measurement data and/or reaction data. The measurement data and/or reaction data
and calibration curves may be used to calculate testing results. The reader may then report
and/or store the test results.

[0044] In another method embodiment, at least one testing channel has at least one
reagent isolated therein. The reagent may comprise a LAL-reactive substance and/or a
detection reagent. In yet another embodiment, the method may further comprise
transferring the fluid sample from the reservoir to the metering portion and metering the
aliquot. The aliquot may be transferred from the metering portion to the optical chamber.
The aliquot may be continuously monitored in the optical chamber to obtain measurement
data and/or reaction data using the optical bench until the aliquot has finished reacting.
The measurement data and/or reaction data and calibration curves may be used to
calculate testing results. The reader may then report and/or store the test results.

[0045] In another method embodiment, the measurement data and/or reaction data may

11
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comprise aliquot volumes, reaction kinetics, fluid motions, transmission, absorption,
optical density, color, color wvalue, hue, spectrum, turbidity, scattered light,
chemiluminescence, fluorescence, and magnetic resonance. The method and/or said
measurement data and/or reaction data may be validated using historical measurement
data and/or data from known reaction kinetics. In yet another embodiment, a tracer may
be immobilized within the analysis chamber to aid in measuring and validating the aliquot
volume.

[0046] Advantages of the present invention will become more apparent to those skilled
in the art from the following description of the embodiments of the invention which
have been shown and described by way of illustration. As will be realized, the
invention is capable of other and different embodiments, and its details are capable of

modification in various respects.
BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0047] These and other features of the present invention, and their advantages, are
illustrated specifically in embodiments of the invention now to be described, by way of
example, with reference to the accompanying diagrammatic drawings, in which:

[0048] FIGS. 1a-d are an exemplary embodiment of a reader for testing a plurality of fluid
samples in a microfluidic disc;

[0049] FIG. 1e is a block diagram depicting the circuitry of an exemplary
embodiment of a reader;

[0050] FIG. 1f is a flowchart of the program executed by CPU of an exemplary
embodiment of a reader;

[0051] FIG. 2 depicts the dynamic monitoring of absorption of samples in optical chambers
of microfluidic disc by reader in accordance with an exemplary embodiment of the present
invention;

[0052] FIG. 3 is an exemplary embodiment of a microfluidic disc;

[0053] FIG. 4 is an exemplary embodiment of a burst valve;

[0054] FIG. 5 is an exemplary embodiment of a microfluidic disc;

[0055] FIG. 6 is an exemplary embodiment of a microfluidic disc;

[0056] FIG. 7 is an exemplary schematic of a microfluidic disc;

[0057] FIG. 8 is an exemplary embodiment of an optical chamber; and
12
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[0058] FIGS. 9 a-c are exemplary embodiments of testing processes or methods using a
reader and a microfluidic disc.

[0059] It should be noted that all the drawings are diagrammatic and not drawn to
scale. Relative dimensions and proportions of parts of these figures have been shown
exaggerated or reduced in size for the sake of clarity and convenience in the drawings.
The same reference numbers are generally used to refer to corresponding or similar features
in the different embodiments. Accordingly, the drawing(s) and description are to be

regarded as illustrative in nature and not as restrictive.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0060] This invention improves the standard Bacterial Endotoxins Test (“BET”) by the
creation of specialized discs with endotoxin detection reagents and endotoxin standards
preloaded into the disc and a reader for the discs. In another embodiment, a microfluidic
disc 103 with endotoxin detection reagents and endotoxin standards preloaded into the
optical chambers or mixing chambers are disclosed. In a further embodiment, a reader 100
for the microfluidic disc 103 is disclosed.

[0061] The disc and reader are designed to measure the BET in samples and to also provide
calibration data from known endotoxin spikes. The preloaded test discs may be designed to
meet all the current BET pharmaceutical regulations requirements. The disc and reader may
be used with turbidimetric, chromogenic, and gel-clot BET methods. Suitable detection
reagents for LAL-reactive substances include LAL reagent, recombinant Factor C reagent,
a mixture of recombinant Factor C and LAL reagent, and preparations that include sushi
peptides, sushi peptide fragments, sushi peptide dimers, and other specific binding proteins
such as antibodies and receptor binding proteins derived from bacteriophages. Endotoxin
standards include endotoxin that has been calibrated to the relevant regulatory master
endotoxin.

[0062] Accordingly, the disclosed disc and reader significantly reduce the number of steps
required to measure the BET in samples, thereby minimizing contamination, timing delays
and mismatches, and thus, improving accuracy. The disc and reader are suitable for use
with FDA-licensed LAL.

[0063] The disclosed disc and reader reduce sample preparation time significantly. By
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preloading the test reagents into the disc, tedious reagent addition for each sample is
eliminated. Test reagents may be any reagent that aids in testing samples. Suitable test
reagents include, but are not limited to endotoxin detection reagents and endotoxin
standards. Suitable endotoxin detection reagents may comprise Amocbocyte Lysate.
Endotoxin standards may be a USP Endotoxin Reference Standard that has been
calibrated to the current World Health Organization International Standard for Endotoxin.
The accuracy of the test may also improved by minimizing timing and pipetting errors.
Sample introduction errors may be further reduced by a plurality of optional
identification mechanisms on the reader and disc that identifies the sample to the user or
notifies the user if additional reagents are required. Suitable identification mechanisms may
include optical markers such as color markers, alphanumeric markers, or light emitting
diodes.

[0064] The test reagents may be deposited onto various surfaces of the disc, such as onto
the interior surfaces of an optical chamber or at points of fluid flow in a mixing chamber
to allow a sample, standard, or blank measurement, onto a soluble coating, or onto an
optically transparent, translucent or reflective insoluble film. Alternatively, the test
reagents may be added as a pellet, dried beads or coarse particles, or deposited into a
carrier media that is added to the disc.

[0065] The disc with preloaded reagents may be packaged such that it is sealed from the
environment by using a barrier material that prevents moisture, bacteria, and LAL-
reactive substances from contaminating the preloaded reagents. The packaging may also
include agents that active reduce moisture, oxygen and/or volatile contaminants.
Exemplary agents include, but are not limited to silica gel, for moisture, iron oxide
packets for oxygen, and activated carbon for volatile contaminants. In one embodiment,
the barrier material is a clean bag.

[0066] In one embodiment, a disc is disclosed wherein the disc has been preloaded with at
least one test reagent. In another embodiment, the test reagent may comprise an endotoxin
standard. In another embodiment, the endotoxin standard may be present in a plurality of
concentrations, wherein each concentration is present on a separate portion of the disc. The
concentrations may be a multiple of the lowest concentration for the turbidimetric or
chromogenic technique. In yet another embodiment, the test reagent may comprise an
endotoxin detection reagent. In another embodiment, the endotoxin detection reagent may
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be Limulus Amoebocyte Lysate.

[0067] When the spike is made from dried standard, the volumes of the sample and reagent
are identical to the other analysis and calibration tests. When the spike is liquid, it can be
added as a “hot spike” which is an accepted method in the industry, recommended by
manufacturers, and accepted by regulators. In this method, a solution of standard 10 times
the spike concentration desired is added to a sample of full volume as 10% of that volume.
The standard amount of LAL reagent is added, and the resulting mixture monitored in a cell
with a path-length 5% longer than a standard non-spiked well’s. This mimics the hot-
spiking method used in microplates, where the volume of combined samples and reagent,
and thus the optical column and pathlength, is 5% greater with hot spiked samples.

[0068] As used in this specification, the term “sample” may include not only the
sample to be analyzed, but water that shows no reaction with the endotoxin detection
reagent or lysate employed at the detection limit. Samples of non-reactive water may also
be referred to as “LAL Reagent Water” or “LWR?”.

[0069] Referring to FIGS. 1a-b, an exemplary embodiment of reader 100 for use in testing
fluid samples is shown. Reader 100 is has an enclosure 101 made from an opaque and
insulating material that isolates the interior 101g of reader 100 from outside light and
environmental effects such as temperature. As can be seen, reader 100 is designed to be
compact due to the simplicity of rotational control and monitoring.

[0070] Enclosure 101 is comprised of a front wall 101a, rear wall 101b, bottom wall
101c, right wall 101d, left wall 101e, and top wall 101f, which define the interior 101g of
reader 100. The top wall 101f and upper sections of front wall 101aa, rear wall 101ba, right
wall 101da, left wall 101ca of enclosure 101 define lid 102, which allows a user to access
the interior of reader 100 for insertion and removal of the disc 103 containing fluid
samples. However, it is anticipated that in other embodiments of reader 100, access to the
interior of reader 100 may be provided by other structures, including, but not limited to a
door in top wall 101f. Further, as can be seen, reader 100 is further comprised of a user
interface 113 and/or input device 114, such as a computer.

[0071] Turning to FIGS. 1c¢-d, in FIG. Ic, interior contents of reader 100 are shown through
enclosure 101 to demonstrate an exemplary configuration of the contents of reader
100 within enclosure 101. FIG. 1d shows the interior contents of reader 100 without
enclosure 101. The interior components of reader 100 are comprised of optical bench 107,
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disc 103, controller 106, and centripetal disc drive 115. Centripetal disc drive 115 is
comprised of motor 105 which rotates spindle 104. Disc 103 is removably secured to the
upper portion 104a of spindle 104 and is rotated by motor 105. Optical bench 107 is
comprised of source 110 and detector 120. User interface 113, input device 114, motor
105, and optical bench 107 are controlled by and interact with controller 106.

[0072] Disc 103 has microfluidics, described below, which contain immobilized reagents.
Disc 103 also has a hub 116, which is removably secured to the upper portion 104a of
spindle 104. Hub 116 can be a hole or other type of interface that can be removably secured
to spindle 104, thereby allowing disc 103 to be spun by motor 105. It is anticipated that
motor 105 can be any type of mechanical actuator that is capable of rotating disc 103.
[0073] Individual optical chambers 202 arranged at the outer edge 117 of disc 103 are
optically monitored by the optical bench 107. Optical bench 107 measures the light
absorbed in optical chambers as they pass source 110 and detector 120, while disc 103 is
rotated. Source 110 is comprised of light source 108, which could be, but is not limited
to, Light Emitting Diodes (LEDs) which have a controlled spectral output. Light
sourcel08 could also be, but is not limited to, a monochrometer that supplies a narrow
spectral range by using devices which split light by its spectrum and excludes those
frequencies outside of the needed band. The light source 108 can also be configured so
multiple optical sources of different types, a single optical source of variable wavelengths,
or other method of using multiple light bands to increase signal or reduce interference and
noise. For example, monitoring at multiple frequencies for a change in optical density could
reduce the interference of unstable sample color. This could also be done using separate
optical sources and detectors in different reader locations. Source 110 is further comprised
of source optical elements109, which can shape, form or filter this light to produce a more-
ideal optical system or limit interference. Source optical elements 109 can include, but are
not limited to, apertures, band pass or other optical filters, diffraction gratings, diffusers,
lenses, optical fibers or other light guides, mirrors, or other such components.

[0074] Detector 120 is comprised of a light detector 112 and detector optical
elements 111. Detector optical elements 111, which can shape, form or filter the light
before it is received by light detector 112 to produce a more-ideal optical system or limit
interference. Detector optical elements 111 can include, but are not limited to, apertures,
band pass or other optical filters, diffraction gratings, diffusers, lenses, optical fibers or
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other light guides, mirrors, or other such components.

[0075] Further, light detector 112 can be, but is not limited to, a photodiode or
photomultiplier tube. Light detector 112 measures the intensity of the light passing through
optical chambers 202 the disc 103. This intensity can be used to calculate the optical
absorbance of the fluid in each optical chamber 202 over the spectrum specified by the
source 110, detector 120, source optical elements 109, and/or detector optical elements 111.
This is done by controlling source 110 and detector 120, and logging the output of detector
120 using the controller 106. Comparisons with the light received by detector 120 at full
intensity or with the initial conditions within chambers 202 before a reaction takes place
within chambers 202 can be used to generate objective absorptions (also known as optical
density) to be used in for monitoring the LAL reaction. Reference values for zero light
transmission (an area on the disc which fully blocks the light) or zero absorption (an open
path with no fluid or no disc material) can also be used to objectively calibrate the
response of the optical bench and disc materials. Light is received by detector 120 at full
intensity when the light received by detector 120 passes through an optical chamber 202
that does not contain any fluid, contains an unreacted sample, or contains an unreacted
sample with reagent. In another embodiment, when a duplicate of optical bench 107 is
present within enclosure 101 and a disc 103 is not present between the source 110 and
detector 120 of the duplicate of optical bench 107, the light provided by source 110 to
detector 120 is the full intensity of light can also be received by detector 120.

[0076] The light then passes through an optical chamber 202 in disc 103, which is typically
moving through the beam of light formed by 108 and 109 if present. Optical chamber 202
has an internal volume that can be filled with sample and reagents, two optical windows
205 on either side of the face of disc 103 are transparent at the light frequencies sensed by
detector 120. As can be seen, optical windows 205 create a path through optical chamber
202 by which the light produced by source 110 can travel, be absorbed by the contents of
optical chamber 202, and be received by detector 120. Optical components such as
windows, dark fields, apertures, lenses, reflectors, or diffusers can also be incorporated into
the optical chamber itself to provide part of the optical path or increase the system’s
stability or sensitivity. The beam of light produced by source 110 can then be further
modified or focused by more optical elements 111, which include the list for 109 and can
limit the field of view or spectrum, or otherwise be used to improve or regulate the
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response of the optical system.
[0077] In another aspect of the reader and microfluidic disc, the sensing method is any of a
variety of optical measurements, including transmission, absorption, optical density, color,
color value, hue, spectrum, turbidity, scattered light, chemiluminescence, and fluorescence.
In another aspect of the reader and microfluidic disc, the sensing method is method capable
of sensing changes in the fluid remotely in a spinning disc, including more-complex optical
methods such as Raman spectroscopy, nuclear magnetic resonance, and surface plasmon
resonance, and non-optical methods such as electrical capacitance, magnetism, sonic
resistance, and sonic refraction.
[0078] The reader can be monitored and controlled with a user interface (typically
graphical) 113 on or near the reader, or any remote controller, PC, or other input/output
device 114. This would allow data input, data acquisition, data logging, user control, user
interface, and all necessary security and traceability to meet compendia requirements
(the specifications made by regulatory agencies via pharmaceutical compendia).
[0079] The method for placing samples in the disc is not shown. However, it is
contemplated that samples could be placed in disc 103 contained in reader 100 by many
methods, including, but not limited to, injection from a pipette into labeled ports, but would
best be done under reader control with means to prevent mistakes, such as by providing a
single sample access port or door in the top wall 101f of reader 100, and having the reader
100 align disc 103 so that only the correct reservoir 325 of disc 103 can be accessed when a
sample is added through reader 100. There are many ways of doing this, but all require that
reader 100 know the position of the disc 103. Further, it is also necessary for reader 100 to
know the position of disc 103 in order to accurately match the optical measurement results
with the samples in chambers 202 of disc 103. It is anticipated that the position of the
disc 103 can be ascertained by many methods, including, but not limited to encoders,
marks, windows, or mirrors on hub that can be sensed, magnets or charges that can be
monitored, direct monitoring of the hub, spindle, or motor positions and a means of
limiting the mounting of the disc to one position on the hub, monitoring of the motor drive
signal to ascertain the amount it should move, or monitoring of the optical signal from 107.
Another method of determining the position of disc 103 is shown in US Patent
Application Publication 20090139578, filed on07/30/2008, published on 06/04/2009, and
entitled "CENTRIFUGAL FORCE BASED PLATFORM, MICROFLUIDIC SYSTEM
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INCLUDING THE SAME, AND METHOD OF DETERMINING HOME POSITION OF
THE PLATFORM", which is herein incorporated by reference.
[0080] Further, it is contemplated that in some embodiments of reader 100 and disc103, the
position of disc 103 would be determined and controlled for reading and sample loading by
reader 100 through the use of an optical method. This optical method can be incorporated
into the main optical path, such as by using a single optical chamber 202 having opaque
optical windows 205 in conjunction with optical bench 107 or a separate optical path.
Further, it is contemplated that in other embodiments of disc 103 and reader 100, the
position of disc 103 can be determined using non-optical means, such as a magnet and
sensor.
[0081] It is contemplated that in some embodiments of reader 100, the position of disc 103
can be determined using a combination of methods described above. For example, a single
mark or pattern disruption present on disc 103, which would indicate when one position on
the disc had been reached, could be used in conjunction with keeping track of the number
of pulses sent to motor 105, which under normal conditions would indicate position. By
monitoring both the single mark or pattern disruption on disc103 the number of pulses sent
to motor 105, any “lost steps” can be compensated for, giving an accurate approximation of
the position of disc 103 within reader 100 at any time.
[0082] In an embodiment, reader 100 includes fixed optical components. The fixed optical
components may include low cost LEDs and photodiodes. Reader 100 can include band-
pass filters to increase the accuracy of optical measurements. The reader can also be
modulated or electronically chopped to provide a reduction in optical noise, reject ambient
light, and reject stray light. As can be seen, it is contemplated that reader 100 includes a
small number of optical components, which result in a lower cost optical bench 107, while
using of higher quality parts.
[0083] Further, in some embodiments of reader 100, optical bench 107 can use optical
chopping, which increases the signal to noise ratio of detection by reducing the effect of 1/f
noise (baseline drift). The chopping can be from a modulated source (e.g. LEDs turned on
and off repeatedly) or it can be from mechanical chopping (light blocked and unblocked
mechanically). The spinning disc 103 provides a natural chopping signal as each optical
chamber 202 moves through optical bench 107. Further the signal to noise ratio can also be
increased by digitally filtering the output of optical bench 107.
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[0084] The fluid to be tested in disc 103 can be injected into reservoir 325 by way of a
pipette or any other injection apparatus that can accurately measure and deliver the
measured volume of sample fluid. It should be understood that precise measurement of
fluid to be introduced into each reservoir 325 is not necessary, provided more fluid - and
not less fluid - than necessary for testing is added to reservoirs 325. In an embodiment, a
pre-determined volume of fluid is introduced into reservoir 325 for testing. In another
embodiment, reservoir 325 is completely filled with fluid to be tested without precisely
measuring the volume of fluid introduced into reservoir 325.

[0085] FIG. 1e is a block diagram of the components that interact with controller 106. As
can be seen, controller 106 is comprised of memory 119 and a CPU 118 to execute the
program stored in memory 119. Controller interfaces with user interface 113, centripetal
disc drive 115, disc 103, optical bench 107, and enclosure environmental augmenters 121.
In some embodiments, input/output device 114 also interacts with controller 106.

[0086] In one embodiment, enclosure environmental augmenters are comprised of a heater
and thermometer for regulating the temperature within enclosure 101. Disc 103 provides
position information to controller 106. Optical bench 107 provides controller 106 with
information regarding the intensity of light received by detector 120. Enclosure
environment augmenters 121 provide a measurement of the temperature within enclosure
101 to controller 106, and controller 106 uses this information to determine whether heater
should be activated within enclosure 101. User interface 113 allows a user to provide
controller 106 with test parameters and allows controller 106 to display test results to user.
Centripetal disc drive 115 provides position information to controller 116 and also permits
controller 106 to regulate the rotation of disc 103.

[0087] FIG. 1f is a flowchart of the program stored within memory 119 and executed by
CPU 118 of reader 100. In step 700 the CPU 118 initializes and retrieves the program of
FIG. 1f from memory 119. In step 705 the user is prompted via user interface 113 to insert
disc 103 into reader 100. Once the user inserts disc 103 into reader 100 and closes reader
100, the user is prompted in step 710 via user interface 113 to insert test parameters. Once
CPU 118 receives the test parameters, the disc is rotated in step 715 such that a reservoir
portion 620 is lined up with an inlet or port in the lid 102 of reader 100, which only allows
the user to insert a sample into the correct reservoir portion 620 of disc 103. The user is
prompted and instructed via user interface 113 as to what sample to insert. Once the sample
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is inserted, CPU 118 instructs centripetal disc drive 115 to rotate the disc to the next sample
reservoir portion and again prompts and instructs the user as to which sample to insert, and
repeats the process until all of the samples have been inserted into disc 103. In some
embodiments that use liquid reagents, CPU will also lineup an inlet or port in the lid 102
with reservoir portion 620 and prompt and instruct the user via user interface 113 as to
what reagent to insert into reservoir portion 620.

[0088] In step 720, the disc contents are heated to optimum reaction temperature within
enclosure 101 of reader 100. CPU 118 achieves and maintains the optimum reaction
temperature using a heater and thermometer. Once all of the samples and reagents are
loaded into reservoir portions 620 of disc 103 and the enclosure 101 is at optimum reaction
temperature, in step 725, CPU 118 instructs the centripetal disc drive 115 to spin disc 103
up until reaction velocity is reached. The reaction velocity is the rotational velocity at
which all necessary fluids move into the analysis or optical chamber. The reaction velocity
may be a specific velocity or a series of discrete velocities depending on the details of the
fluidics and mechanisms of fluid motion. If a series of discrete velocities are required,
changes in velocities may be made by increasing the speed of the spinning disc to increase
velocities and to move the fluid outward. Velocities may also be varied by applying
alternating high and low forces to the disc to utilize siphon valves. Once reaction velocity is
reached, sample fluid has flowed from reservoir portion 620 into optical chamber portions
635 and the sample fluid is analyzed in the optical chamber portions 635 before the fluid
reacts with reagents in optical chamber portions 635. Further, in step 725, the sample fluid
is analyzed while reacting in optical chamber portions 635. The analysis information
collected in this step, also known as reaction data, is stored in memory 119.

[0089] Once the reaction data is stored in memory 119, in step 730 CPU retrieves the
reaction data, uses the reaction data to create calibration curves, and then uses the reaction
data and calibration curves to calculate testing results. The testing results are reported to the
user in step 735 via user interface 113. Following step 735, the program ends at step 740.
[0090] FIG. 2 depicts the dynamic monitoring of absorption of samples in optical chambers
202 of disc 103 by reader 100. As can be seen, the spinning microfluidics disc103 includes
optical chambers 202 near the outer edge 117 of disc 103. Optical chambers 202 spin
through optical bench 107. Optical chambers 202 can be spaced in regular or irregular
intervals. It is contemplated that in some embodiments of disc 103, the spacing intervals of
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optical chambers 202 can be of different sizes, which can be used to encode position
information for disc 103 into the output of optical bench 107. For example, as is shown in
FIG. 2a, there can be small gaps 203 and larger gaps 204 between chambers 202 or groups
of chambers 202. The small gaps 203 and larger gaps 204, will produce corresponding
large and small gaps in the data stream of optical bench 107. These gaps in the data stream
are created when light produced by source 110 is received and transformed by detector 120
into an electrical signal.

[0091] An exemplary data stream is shown as intensity vs. time on a chart 207. The
intensity of the light going through each optical chamber 202 is logged as a peak with the
gaps in the optical chambers having no such peaks. The pattern of these gaps (or a single
gap or reference chamber) can then be interpreted by the controller to determine position,
possibly along with other information as detailed above. As can be seen in chart 207, one is
clearly able to differentiate between the time periods when a small gap 203, large gap 204,
or optical chamber 202 of disc 103 is passing through optical bench 107 based on the
intensity of light received and transformed by detector 120. It is understood that in other
embodiments, depending on the light transmission properties of the material of disc 103
present between optical chambers 202 and the configuration of optical bench 107, that gaps
can be logged as a peak and light going through each optical chamber 202 can be
interpreted as a valley. This is acceptable because one would still clearly be able to
differentiate between the time periods when a small gap 203, large gap 204, or optical
chamber 202 of disc 103 is passing through optical bench 107 based on the intensity of
light received and transformed by detector 120.

[0092] FIG. 7 shows a schematic of disc 103 having hub 116, index mark 122, and a
plurality of radial testing areas 303 around the entirety of disc 103. Index mark 122 allows
reader 100 to ascertain the position of disc 103. Further, radial testing areas has a fluidics
network 600 comprised of a reservoir portion 620, distribution network portion 625,
metering portion 630, and optical chamber portion 635. Reservoir portion 620 is in fluid
communication and upstream of distribution network portion 625, which is in fluid
communication and upstream of metering portion 630, which is in fluid communication
with and upstream of optical chamber portion 635. Reservoir portion 620 retains sample
fluid until the rotational velocity of disc 103 sends the sample fluid to distribution portion
625, which distributes the sample fluid to the various aliquoting fluidics in metering portion
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630. The aliquots created in metering portion 630 are sent to optical chamber portion 635
where reagent is mixed with the sample fluid and the reaction is analyzed.

[0093] It is understood that in some embodiments, reservoir portion 620, distribution
network portion 625, metering portion 630, and optical chamber portion 635 may overlap.
For example, it is anticipated that in some embodiments of fluidics network 600, the
fluidics in network portion 625 and optical chamber portion 635 can form aliquots. Further,
it is understood that valves may be present between reservoir portion 620, distribution
network portion 625, metering portion 630, and optical chamber portion. Exemplary
embodiments of valves include burst valves, siphon valves, passive valves generated by
hydrophobic surface utilizing plasma etching, hydrophobic porous membranes, and
mechanical valves.

[0094] FIG. 3 shows a layout of an embodiment of microfluidic disc 103 having a hole for
the hub 116 in the center of disc 103 for removably mounting to spindle 104 of reader 100.
Individual samples, portions of samples, references or controls, or portions of references or
controls, are analyzed by groups of optical chambers 202 segregated into testing areas 303.
In typical embodiments of disc 103, radial testing arcas 303 are laid out in a radial pattern.
However, it is anticipated that a person having ordinary skill in the art can choose another
pattern. Samples or references are placed in reservoirs 325, nearer the hub 116 of disc 103.
When the disc 103 is spun, the fluid will move through open distribution channels 305
towards the outer edge 117 of disc 103. In some embodiments, distribution channels 305
also include chambers that can measure-out or aliquot the samples as they move towards
the optical chambers 202. Various types of distribution channels, or channels, are referred
to in this specification. The types include main distribution channels, waste inlet channels,
aliquoting inlet channel, optical chamber inlet channel, etc. The various types of channels
are described elsewhere in the specification.

[0095] In most embodiments of disc 103, the sample inserted into reservoirs 325 will
typically be split into four aliquots, with each aliquot being delivered to a separate optical
chamber 202. This is due to the fact that current compendia requirements are for each
sample to be analyzed four times, twice without addition, and twice with a positive control
added. This is also convenient for calibration and negative control analyses, because the
“universal” implementation of these may require twelve (12) analyses using LAL Reagent
Water as the sample, which can ecasily be accomplished by 3 sets of 4 analyses using the
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same layout, in which three reservoirs 325 would be provided with the sample, and the
sample in each reservoir 325 would be split into four aliquots and provided to individual
optical chambers 202, thereby creating the necessary twelve (12) analyses. It is
contemplated that some embodiments of disc 103 may employ a 12-wide layout from a
single, larger reservoir 325 in which a single reservoir 325 would be provided with the
sample, and the sample would be split into twelve aliquots and provided to individual
optical chambers 202, thereby creating the necessary twelve (12) analyses. It is envisioned
that reservoir 325 in embodiments which provides samples to 12 analyses will be larger
than reservoir 325 in embodiments that provides samples to four analyses.

[0096] In some embodiments of disc 103, valves control the flow of fluid in fluidics
network 600. Valves could be implemented to perform such actions as stop the flow of
fluid temporarily or permanently to regulate the flow of fluid through and reaction
process taking place in disc 103. One type of valve is a burst valve. A burst valve uses the
channel surface energy and capillary force to control fluid flow. It is known that capillary
action transports fluid by wicking or otherwise drawing the fluid up small channels. The
surface tension of the fluid provides the motivating force because the fluid wants to wet the
channel walls, thereby the fluid draws itself up the channel until the pressure in the channel
equals the surface tension motivating force. The same surface tension force can also be
used to keep fluids from flowing through channels by constructing the channel out of a
hydrophobic material or coat the walls of the channel with a hydrophobic material,
instead of a hydrophilic material. Hydrophobic materials repel water and hydrophilic
materials attract water (are wetting). One exemplary hydrophobic material is a
hydrophobic micro-porous membrane, which, due to the material pore size, allows air to
pass through, but not water. The small size of the hydrophobic micro-porous membrane
pores require a large pressure, in the form of capillary pressure, to force water through the
pores. This capillary pressure is dependent on the surface energy of the fluid in the channel,
the surface energy of the channel material or interior channel coating, and the size and
geometry of the channel. In another disc embodiment, siphon valves may be used.

[0097] Disc 103 may be made of a variety of materials including, but not limited to,
polystyrene, cyclic olefin copolymer, and glycol-modified polyethylene terephtalate. In
some embodiments of disc 103, carbon may be added to make the polystyrene black to aid
in optical absorbance methods.
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[0098] In FIG. 3, reservoir portion 625 is comprised of reservoir 325. Further,
distribution network portion 625 is comprised of distribution channels 305. Further,
metering portion 630 is comprised of distribution channels 305 and optical chamber 202.
Lastly, optical chamber portion 635 is comprised of optical chamber 202.

[0099] FIG. 4 depicts an embodiment of a channel 401 having a burst valve 404. As can be
seen, channel 401 is comprised of an upstream section 402, burst valve 404, and
downstream section 406. Channel 401 has a wall made of or coated with different materials
with different surface energies along its length. Upstream section 402 and downstream
section 406 are hydrophilic, that is easily wet, and burst valve 404 is hydrophobic, hard to
wet. Water traveling through channel 401 from upstream to downstream (in the direction of
the arrow) will be drawn by capillary forces, centrifugal forces, pressure from upstream, or
vacuum from downstream, to the upstream interface 403 where upstream section 402 and
burst valve 404 meet. The pressure necessary for the fluid to move beyond upstream
interface 403 will be the difference between the capillary pressure of burst valve 404 and
the capillary pressure of upstream section 402. If the difference is greater than the
motivating force of the fluid, the fluid will not flow past upstream interface 403 until the
pressure difference is overcome, such as by spinning disc 103 faster. Once the fluid flows
past the downstream interface 405, where burst valve 404 and downstream section 406
meet, the capillary pressure returns to what it originally was and the burst valve 404 no
longer has any effect on the fluid flow or pressure in channel.

[00100] Alternatively, a burst valve can be constructed using material of a
uniform surface energy and changing the diameter or geometry of the channel. In these
cases, the channel typically opens up into a much larger chamber that has a low or zero
capillary force due to its size.

[00101] Other valves can be used in disc 103, include, but not limited to
passive siphons, vents, check valves, chambers, relief valves, wicks, or hydrophillic porous
members which are only activated when disc 103 spins in one direction (due to the Coriolis
effect’s influence on in-disc forces and pressures) or active valves controlled by a
mechanical or electrical actuation. In on one embodiment the valve can be a siphon valve
where a change in rotational speed of the disc activates the valve. Further, other valves can
be used in disc 103 include, but are not limited to arc one-time control valves that can use
placement of bubble in channel to prevent flow and/or can use a polymer that swells
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with water contact to directly close off a channel, to indirectly close off channel through
membrane to avoid possibility of contamination, or to indirectly or directly close off a
channel after sample has left area by separating a small volume of sample for this purpose.
Further, some embodiments of disc 103 employ active components, such as general valves
or onsite pumps for fluid control within disc 103.

[00102] FIG. 5 depicts a fluidics network diagram for an embodiment of disc 103
that uses burst valves for control of a fluidics network 600. Disc 103, has fluidics
networks 600 in cach radial testing area 303, arranged around hub 116. For simplicity
purposes, a fluidics network is only shown in one radial testing area 303. The sample or
reagent is added to reservoir 325, for each testing area 303. A reservoir outlet channel 503
may terminate in a first valve 490 at its downstream end. First valve 490 is located at the
intersection of reservoir outlet channel 503 and distribution network 506. Reservoir outlet
channel 503 provides a path for the fluid to flow from reservoir 325 to distribution network
506. First valve 490 can be any valve that selectively allows the fluid of reservoir 325 to be
transferred to distribution network 506. Distribution network 506 is a network of channels
that delivers the contents of reservoir 325 to a series of optical chambers 202 in radial
testing area 303.

[00103] In one embodiment, first valve 490 is a burst valve designed using the
surface energies of the materials on the reservoir channel surface and the diameter and
geometry of the channel to stop fluid from flowing until disc 103 is spun at a sufficient
velocity to overcome the burst valve. This prevents the fluid from flowing into the optical
chambers 202 at an uncontrolled and unknown time, thereby starting the reaction before the
reaction can be monitored and accurately timed. In yet another embodiment, the valve may
be a siphon valve.

[00104] In another embodiment, the first valve 490 can be formed as a passive valve
generated by hydrophobic surface treatment utilizing plasma etching which manipulates the
surface with wettability gradients adapted for microfluidic systems, as described in “Smart”
Polymeric Microfluidics Fabricated by Plasma Processing: Controlled Wetting, Capillary
Filling and Hydrophobic Valving, Katerina Tsougeni, et al. (Nov. 30, 2009), for
example. It should be understood by one of ordinary skill in the art that the first valve 490
can be formed by surface treating the channel between the reservoir outlet channel 503
and distribution network 506 or by a physical barrier or membrane positioned within the
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passageway. In yet another embodiment, the first valve 490 is a mechanical valve that can
be selectively actuated manually, electrically, or by way of pressure differential thercacross
to allow fluid to flow between the reservoir outlet channel 503 and distribution network
506. In still a further embodiment, the first valve 490 is a membrane positioned within the
passageway between the reservoir outlet channel 503 and distribution network 506.

[00105] Disc 103 is spun at a sufficient rotational speed to move fluid through
fluidics. More specifically, move fluid from reservoir 325 through reservoir outlet
channel 503, past first valve 490, into distribution network 506, which directs fluid into
four optical chambers 202 near the outer edge 117 of disc 103, where the reaction takes
place. A vent tube 507 with a relatively-high-pressure second valve 491 allows the venting
of air from the optical chamber 202, while preventing the sample from flowing out of
optical chamber 202, thereby retaining the sample within disc 103. In some embodiments,
second valve 491 is a burst valve. It is contemplated that in other embodiments, second
valve 491 can be a hydrophobic membrane and also be used to prevent the sample from
flowing out of optical chamber 202 through wvent tube 507. Further, in other
embodiments, second valves 491 can be a mechanical valve, membranes, insert or film
positioned within the passageway, or formed from surface treatment of vent tube 507. Each
second valve 491 can be manually or electrically actuated or can be actuated due to a
pressure differential thereacross.

[00106] Exemplary embodiments of a second valve 491 may be a burst valve, a
passive valve generated by hydrophobic surface treatment utilizing plasma etching, a
hydrophobic porous membrane, a mechanical valve, or any other type of valve sufficient
to allow air to escape from optical chamber 202, while preventing the sample from flowing
out of optical chamber 202, thereby retaining the sample within disc 103. In this
embodiment, the reagents and standards are immobilized in optical chamber 202 by drying
on the surface of optical chamber 202. The Coriolis effect can be used to actively swirl and
mix the contents of optical chamber 202, which solvates the contents and brings them into
solution to react. Alternately, the inertia of the fluid can aid in inducing the swirling by
changing the speed or reversing the rotation. Any excess fluid is simply stored in the
distribution network 506 and because of limited diffusion (the molecules in question are
large and move very slowly by diffusion) do not take part in these reactions. In this way the
sample volume, which is critical to accurate results, is controlled and dictated by the
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volume of optical chamber 202. As can be seen, optical chambers 202 also act as reaction
chambers. The reactions taking place within optical chambers 202 are monitored optically.
In some embodiments, the optical monitoring is performed using blue light at about 405
nm. However, it is contemplated that a person having ordinary skill in the art can choose
to use a different wavelength of light.

[00107] Multiple drying processes are suitable for immobilizing standards and
reagents within optical chamber 202 including, but not limited to, a vacuum drying
process at ambient temperature or a freeze drying process (lyophilization). In yet another
embodiment, the standards and reagents may be dried at ambient temperature or freeze
dried. In some embodiments, the material (standards and reagents) does not need to be
totally dried, especially if non-aqueous solvents are used, but by partial drying or other
method left in or changed to a state where it can be physically immobilized.

[00108] In FIG. 5, reservoir portion is comprised of reservoir 325. Further,
distribution network portion 625 is comprised of first valve 490 and distribution network
506. Metering portion is comprised of distribution network 506 and optical chamber
portion 635. Further, optical chamber portion 635 is comprised of optical chamber 202. It is
contemplated that there are many other fluidic schemes which differ from that of FIG. 5.
[00109] Sometimes different reagents or parts of reagents need to be stored or mixed
separately for better performance or shelf life. For example, if the endotoxin standards are
mixed with the sample before mixing with reagent, the response would more closely
match sample endotoxin, increasing accuracy. Other times, liquid reagent may need to be
used instead of dried or otherwise immobilized material. One embodiment which that
addresses this scenario is shown in FIG. 6.

[00110] Many approaches to the test reagent and standards deposition may be used
to reduce mixing time, bubble formation, resolubilization time, ease of manufacturing, and
detection sensitivity. The approaches may encompass both chemical and physical means
to produce the desired results. Chemical means may include the use of chemical additives.
Examples of chemical additives include solubility enhancing agents, such as the
saccharides sucrose, glucose, lactose, and mannitol, as well as anti-flaking agents, such as
aqueous polymer solutions comprising poly(ethylene oxide), polyethylene glycol, polyvinyl
alcohol, hydroxypropyl cellulose, or hydroxypropyl methyl cellulose. Physical means may
include various coating, spraying, or drying techniques during the deposition process.
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[00111] In some embodiments, an endotoxin detection reagent may be deposited
in every optical chamber 202. Alternatively, there is no endotoxin detection reagent in
any of the optical chambers, allowing the user to add endotoxin detection reagents from a
preferred supplier either as Control Standard Endotoxin (CSE) which is match to LAL
reagent lots, or Reference Standard Endotoxin (RSE) which is a universal reference and has
the same titer regardless of the LAL reagent used. In one embodiment, the endotoxin
detection reagent may be amocbocyte lysate. The use of the natural absorption of LAL, or
the addition of turbidimetric or chromogenic non-LAL reactive tracers, such as optical dye,
to the LAL and endotoxin may also be used to reduce testing errors. A tracer is an inert
compound that is added to a fluid to aid in determining the volume, fluid location and
movement (fluid motions). The tracer may also be used to aid in validating the
measurement data. Suitable tracers include, but are not limited to, dyes.

[00112] The endotoxin standard may be deposited in only a portion of the optical
chambers 202. In addition, the endotoxin standard may be deposited in various
concentrations from optical chamber 202 to optical chamber 202. The optical chambers
202 may be preloaded or predeposited with endotoxin standards, wherein the endotoxin
concentrations vary from optical chamber 202 to optical chamber 202, such that the user
merely has to add the sample to be tested to the reservoirs 325. In one embodiment, the
endotoxin detection reagent and endotoxin standard may be deposited in the optical
chambers 202 such that all of the tests and replicates required by USP 85 may be performed
simply by adding the samples to reservoirs 325. In such an embodiment, each optical
chamber 202 comprises ecither a separate given test, or a replicate of a given test.

[00113] In one embodiment, the lowest concentration may be confirmed in four
replicates, wherein four (4) of the ninety-six (96) optical chambers 202 each comprise one
replicate. Alternatively, the optical chambers 202 may be preloaded with endotoxin
standards such that the inhibition/enhancement tests (or “spikes”), including replicates, may
be performed. Alternatively, the optical chambers 202 may be preloaded such that the
quantitative tests, wherein the concentration of bacterial endotoxins in a given sample is
quantified, may be performed. In yet another embodiment, the optical chambers may be
preloaded such that all the tests and replicates required under USP 85, including the
lysate sensitivity, the inhibition/enhancement, and quantitative tests, may be performed
on the same disc 103.
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[00114] The test reagents and standards may be mixed with chemical additives
before deposition, such as solubility enhancing agents and anti-flaking agents. The reagents
and standards are deposited within disc 103 without interfering with the optical windows
205 or optical bench 107, thereby allowing an initial sample absorption measurement. In
one embodiment, the disc 103 may be covered with a seal means that prevents the
passage of water and oxygen, whereby disc 103 and its contents may be kept dry to a
humidity level less than about 5%.

[00115] Fluid motivation within disc 103 may be provided by centripetal force,
which is determined by the position of the fluid within disc 103 and rotational speed
of disc 103. Fluid motivation by centripetal force can be accurately and repeatably
controlled by reader 100, and allows for such things as reversing rotational direction or
rotational speed of disc 103 to change the flow of the sample through disc 103.

[00116] As can be seen, disc 103 in FIG. 6 resembles disc 103 in FIG. 5, except
the fluidics network 600 in each radial testing area 303 is different. For convenience, only a
fluidics network 600 is shown in only one radial testing area 303, however it is understood
that a fluidics network 600 is present in each radial testing area 303. Reservoir 325 receives
the sample and first valve 490 is at the downstream end of reservoir outlet channel 503.
First valve 490 is at the upstream end of main distribution channel 604 and second valve
491 is at the downstream end of main distribution channel 604. The upstream end of four
(4) aliquoting inlet channels 606 intersect with and receive sample fluid from main
distribution channel 604. Each aliquoting inlet channel 606 delivers sample fluid to an
aliquoting chamber 607. Further, each aliquoting chamber 607 has a fourth valve 493 or
hydrophobic membrane at the end of aliquoting chamber vent tube 508. Third valve 492 is
located at the downstream end of aliquoting chamber 607. The upstream end of optical
chamber inlet channel 611 receives sample fluid through third valve 492 and delivers fluid
to optical chamber 202 for testing. The upstream end of waste chamber inlet channel 609
receives waste fluid through second valve 491 and delivers waste fluid downstream to
waste fluid chamber 610. Further, waste fluid chamber 610 has a sixth valve 495 or
hydrophobic membrane at the end of waste chamber vent tube 510.

[00117] In operation, first valve 490 prevents premature flow of the sample
through distribution network 506. First valve 490, second valve 491, and third valve 492
are designed to operate at different pressures, increasing as the fluid moved downstream so
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that when it clears one it valve, it only moves to the next valve but not beyond. In this case
the pressure needed to move through first valve 490 is less than that needed for the second
valve 491 which are both less than that needed to go through the third valve 492 at the head
of optical chamber inlet channel 611 leading to optical chamber 202. Each optical chamber
202 also has a fifth valve 494 or hydrophobic membrane at the end of its vent tube 507, to
prevent the loss of fluid from optical chamber 202 through vent tube 507.

[00118] Once disc 103 starts to spin at a sufficient rate, fluid moves from reservoir
325 down reservoir outlet channel 503 and through first valve 490 down main distribution
channel 604 to aliquoting inlet channels 606, which distributes the fluid to aliquoting
chambers 607. These chambers can be for volume measurement only, or they can also have
reagent (such as Endotoxin standard) isolated in them to mix in aliquoting chamber 607 or
later downstream in optical chamber 202 using the Coriolis effect as detailed before. Fluid
will not travel past second valve 491 or third valve 492 until the speed of the rotation of
disc 103 is sufficient to generate enough pressure to move second valve 491 or third valve
492. Once disc 103 is spun at a velocity that allows fluid to flow past second valve 491, but
not third valve 492, excess fluid will be drained away from aliquoting chambers 607 and
into waste fluid chamber 610, thereby drawing air into distribution network 506. The disc
103 is then spun even faster, at a velocity that allows fluid to flow past third valve 492, and
an accurate volume of sample fluid from aliquoting chamber 607 flows downstream into
optical chamber 202, perhaps with reagent also mixed in that was present in aliquoting
chamber 607. A reaction will then take place and be monitored in optical chambers 202.
[00119] One reason the sample fluid may need to be metered via aliquoting before
the sample fluid is moved into optical chamber 202, is if the LAL reagent is delivered
to disc 103 as a liquid at the time of the actual analysis instead of being immobilized
disc 103. Using an LAL liquid reagent involves moving and precisely metering both
the sample fluid and reagent within disc 103. This could be done by adding a second layer
to disc 103 depicted in FIG. 6. In one embodiment, this second layer would contain
a parallel fluidics path for LAL reagent that is similar or identical to the fluidics path
described above for use with the sample fluid. The two parallel paths on separate layers
would meet at optical chamber 202, which is shared by the two fluid systems. Accordingly,
the sample fluid system will deliver sample fluid to optical chamber 202 and the reagent
system will deliver the LAL reagent to optical chamber 202. Both would have channels
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leading to optical chamber 202 and partially fill optical chamber 202 when the pressure of
third valve 492 is exceeded by disc 103 achieving a sufficient rotational velocity. These
two fluids would then be mixed together in optical chamber 202 and the resulting reaction
monitored.

[00120] In some embodiments, first valve 490, second valve 491, and third valve
492 can be mechanical valves, membranes, inserts or films positioned within the channel,
or formed from surface treatment of the channel. First valve 490, second valve 491,
and third valve 492 can be manually or electrically actuated or can be actuated due
to a pressure differential thereacross. Exemplary embodiments of any of the first valve
490, second valve 491, and third valve 492 may be a burst valve, a passive valve generated
by hydrophobic surface treatment utilizing plasma etching, a mechanical valve, or the like.
[00121] In some embodiments, fourth valve 493, fifth valve 494, and sixth valve
495 are burst valves. It is contemplated that in other embodiments, fourth valve 493,
fifth valve 494, and sixth valve 495 can be a hydrophobic membrane and also be used
to prevent the sample from flowing out of their respective chambers through the vent
tubes. Further, in other embodiments, fourth valve 493, fifth valve 494, and sixth valve
495 can be mechanical valves, membranes, inserts or films positioned within the vent
tube, or formed from surface treatment applied to the vent tube. Fourth valve 493, fifth
valve 494, and sixth valve 495 can be manually or electrically actuated or can be
actuated due to a pressure differential thereacross. Exemplary embodiments of fourth valve
493, fifth valve 494, and sixth valve 495 may be a burst valve, a passive valve generated by
hydrophobic surface treatment utilizing plasma etching, a hydrophobic porous membrane, a
mechanical valve, or any other type of valve sufficient to allow air to escape from their
respective chambers, while preventing the sample fluid from flowing out of the vent tube,
thereby retaining the sample within disc 103.

[00122] Even though only the left most aliquoting inlet channel 606, aliquoting
chamber, optical chamber inlet channel 611, optical chamber 202, and third valve 494 are
discussed in conjunction with FIG. 6, it is understood that the three corresponding groups
of structures to the right have the same function.

[00123] In FIG. 6, reservoir portion 620 is comprised of reservoir 325 and
reservoir outlet channel 503. Distribution network portion 625 is comprised of first valve
490 and main distribution channel 604. Metering portion 630 is comprised of aliquoting
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inlet channel 606, aliquoting chamber 607, second valve 491, and third valve 492. Optical
chamber portion 635 is comprised of optical chamber inlet channel 611 and optical
chamber 202.
[00124] Turning to FIG. 8, disc 103 is shown with an embodiment of optical
chamber 202 having an inlet 611, vent 507, sidewall 206, and optical windows on the top
side and bottom side of disc 103. In some embodiments, sidewall 206 has a generally
circular shape around the entirety of optical chamber 202. However, in other
embodiments, the hub side of sidewall 206 between inlet and vent 507 is straight and the
remainder of sidewall 206 is generally "U" shaped.
[00125] An exemplary testing process or method using reader 100 and disc 103
is shown in FIG. 9a. In step 800, a user provides a disc, reader, and samples to be tested. In
step 805, the user inserts disc 103 into reader 100. Information from disc 103, such as lot,
range, or expiration date, can be transferred to the reader either manually or automatically
from markings or information stored within the disc. Reader 100 rotates disc 103 in step is
rotated in step 815 such that a reservoir portion 620 is lined up with an inlet or port in the
lid 102 of reader 100, which only allows the user to insert a sample into the correct
reservoir portion 620 of disc 103. The user is prompted and instructed via user interface
113 as to what sample to insert. In some embodiments that use liquid reagents, CPU will
also line up an inlet or port in the lid 102 with reservoir portion 620 and prompt and
instruct the user via user interface 113 as to what reagent to insert into reservoir portion
620.
[00126] In step 815, the disc contents are heated to optimum reaction
temperature within enclosure 101 of reader 100. CPU 118 achieves and maintains the
optimum reaction temperature using a heater and thermometer. Once all of the samples and
reagents are loaded into reservoir portions 620 of disc 103 and the enclosure 101 is at
optimum reaction temperature, in step 802, CPU 118 instructs the centripetal disc drive 115
to spin disc 103 until reaction velocity is reached. The sample fluid is analyzed in the
optical chamber portions 635 before the fluid reacts with reagents in optical chamber
portions 635, and the sample fluid is analyzed while reacting in optical chamber portions
635. The analysis information collected in this step, also known as reaction data, is stored
in memory 119.
[00127] Once the reaction data is stored in memory 119, in step 825, CPU retrieves
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the reaction data, uses the reaction data to create calibration curves, and then uses the
reaction data and calibration curves to calculate testing results. The testing results are
reported to the user in step 830 via user interface 113.

[00128] FIGS. 9b and 9c expound upon step 820 in FIG. 9a. FIG. 9b details the
actions that take place in step 820 in an embodiment of the method of FIG. 9a. In step 815a,
sample fluid is transferred from reservoir portion to metering portion and aliquots are
created. This can be done by spinning disc 103 at a sufficient velocity such that the
sample fluid flows from reservoir portion 620 and across a valve into metering portion
630. In some embodiments of disc 103, a waste fluid chamber 610 is present and once
spinning disc 103 reaches a sufficient velocity the remaining fluid from reservoir portion
620 and distribution network portion 625 flows across a valve and into waste fluid chamber
610.

[00129] In step 815b, after the aliquots of sample fluid are created the aliquots
are transferred from aliquot portion 630 to optical chamber portion 635. This can be done
by spinning disc 103 at a sufficient velocity such that the aliquots of sample fluid
flows across a valve from the metering portion 630 into the optical chamber portion 635.
[00130] In step 815¢c, once a portion of the sample fluid is in optical chamber
portion 635 the sample fluid is analyzed using photospectrometry or any other optical
measuring process prior to the fluid contacting and/or reacting with any reagent within
optical chamber portion 635. In step 815d, the sample fluid is continuously analyzed in
optical chamber portion 635 until entire aliquot of sample fluid has finished reacting in
each optical chamber portion and the reaction data is stored.

[00131] FIG. 9c details the actions that take place in step 820 in an embodiment of
the method of FIG. 9a. In step 815¢, sample fluid is transferred from reservoir portion 620
to optical chamber portion 635 via distribution network portion 625. This can be done by
spinning disc 103 at a sufficient velocity such that the sample fluid flows from reservoir
portion 620 into optical chamber portion 635. In some embodiments, a valve is present
between reservoir portion 620 and optical chamber portion 635.

[00132] Once a portion of the sample fluid is in optical chamber portion 635, in
step 815f, the sample is analyzed using photospectrometry or any other optical measuring
process prior to the fluid contacting and/or reacting with any reagent within optical
chamber portion 635. The sample fluid is then continuously analyzed in optical chamber
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portion 635 until sample fluid has finished reacting in each optical chamber portion 635
and the reaction data 1s stored.

[00133] Turning back to disc 103, depicted in FIGS. 3 and 5-7, in some
embodiments of disc 103, LAL reagent is immobilized (e.g. dried) within optical chambers
202, and is mixed with the sample fluid using the circulation the Coriolis effect will
have on the fluids in optical chamber 202. It is also possible to increase this mixing
within optical chamber 202 by using the inertia of the fluid within optical chamber 202 and
“shaking” the fluid the fluid within optical chamber 202 back and forth by changing the
rotational speed or reversing rotational direction of disc 103.

[00134] In some embodiments of optical chamber 202, the aggressiveness of mixing
within optical chamber 202 can be enhanced by one or both of intentional entrainment of
bubbles within optical chamber 202 or addition of beads into optical chamber 202 (which
can be magnetic and moved as the spinning disc goes past a fixed magnet). In some
embodiments, the beads within optical chamber 202 are comprised of a material that is
attracted to magnets (e.g. ferromagnetic or ferrimagnetic material), thereby the beads will
be agitated as they move past a magnet fixed within reader 100. Mixing can be enhanced
with fluid motion in and out of the optical chamber, such as reciprocal flows between
chambers through an orifice or channel. Not only does this mix the fluids transferred by
diffusion in any channels or turbulence in open areas, the transfer chaotically interferes
with the Coriolis swirling increasing its mixing efficiency.

[00135] As can be seen, the mixing within optical chamber 202 can be done using
the Coriolis effect and can be very active and energetic, which helps for mixing large
molecules that diffuse slowly, with molecules that aggregate, and with molecules that
stick to surfaces.

[00136] In some embodiments of disc 103, the optical chamber 202 may be wide or
thick, thereby forming a longer optical path leading to more sensitivity. It is contemplated
that in some embodiments of disc 103, the optical path length is matched to sensitivity
requirements.

[00137] In additional embodiments of disc 103, mixing is performed in mixing
chambers located upstream from optical chambers 202. It is contemplated that optical
chambers 202 and mixing chambers, if present, can be optimized for thicker sections (e.g.
longer optical path lengths) and/or optimized for mixing with reagents immobilized on
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interior surfaces. In one embodiment, the reagents may be immobilized on windows or on
sidewalls 206. Thicker optical chambers 202 and mixing chambers allow for alternate
immobilizations designs, such as allowing for the use of powdered reagents.

[00138] In further embodiments, the flow pattern in optical chamber 202 may also be
modified, ¢.g. to have more flow velocity over surfaces where reagents are immobilized, by
changing the geometry of the optical chamber 202. In one embodiment, the sidewalls 206
of optical chamber 202 could be angled such that the fluid flow constructed by the
sidewalls 206 could be angled so that the fluid flow constricted by sidewalls 206 is
moved in a different or transverse direction than the fluid's normal circulation direction in
optical chamber 202. In additional embodiments of optical chamber 202, vanes, channels,
or voids in optical chamber 202 could also be used to move fluid counter to its normal
circulation and increase the effectiveness of mixing in optical chamber 202. In further
embodiments, the geometry of sidewalls 206 promotes flow paths that effectively mix
material close to the surface of sidewalls 206.

[00139] The optical chamber 202 is configured to allow the fluid to be analyzed and
monitored optically using spectrophotometry when at least a portion of the fluid is
positioned within the optical chamber 202. The optical chamber 202 is configured to allow
for accurate optical density measurement and can also be used to immobilize reagents
immobilization or as a mixing chamber for the fluid. The optical chamber 202 provides the
ability to monitor optical density of the fluid at all phases of analysis including: (1) before
addition of or mixing with reagent(s) so as to get material and reader baseline data; (2) after
addition or mixing of reagent but before reagent solvation to get fluid baseline data; and (3)
continuous monitoring of the fluid during analysis and testing process. After the addition or
mixing of reagent but before reagent solvation, the optical chamber 202 can be used to
analyze for fluid present therewithin due to changes in optical reflection from surfaces of
the optical chamber 202. This can be done to provide a starting point to improve accuracy
of timing of subsequent optical measurements. The optical chamber 202 can be used to
verify or check for correct amount of reagent by using natural absorption at normal optical
monitoring wavelengths, use tracers at normal optical monitoring wavelengths, use natural
absorption at alternate optical monitoring wavelengths, and/or use tracers at alternate
optical monitoring wavelengths. Continuous monitoring of the fluid within the optical
chamber 202 can be done on a much more frequent basis than standard multi-use plate
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readers to provide improved time resolution, better noise rejection, and greater ability to
accurately extrapolate to an endpoint for the data. The extrapolation can be performed
using curve fitting techniques, such as regression methods, weighted least-squares methods,
data transformation methods, and parametric and non parametric methods. Continuous
monitoring of the fluid within the optical chamber 202 can also be done with fixed optics in
reader 100.

[00140] In one aspect of the invention, a microfluidic disc for use with a centripetal
microfluidics system is disclosed. The microfluidic disc may comprise at least two testing
areas wherein each testing area includes a reservoir portion for receiving at least one fluid
sample. The reservoir portion may comprise a reservoir and a reservoir outlet. The disc
may comprise a distribution network portion in fluid communication with the reservoir
portion. Each distribution network portion may comprise a distribution network of at least
four (4) testing channels, wherein each testing channel has a metering portion and at least
one analysis chamber portion. The analysis chamber portion may comprise a mixing
chamber for mixing samples and reagents and an optical chamber portion that is
compatible with an optical reader. The mixing chamber and the optical chamber portion
may be separate, integral with each other, or the same chamber that serves both a mixing
function and an optical chamber function. The metering portion may be sized to meter an
aliquot of the fluid sample for analysis in the analysis chamber portion. At least one
testing channel portion has at least one reagent isolated therein. The reagent may comprise
a LAL-reactive substance.

[00141] In another embodiment of the disc, at least one distribution network is a
calibration network comprising at least eight (8) testing channels. At least two (2) of the
channels have no LAL-reactive substance therein. At least two (2) of the channels have a
first amount of a LAL-reactive substance isolated therein. At least two (2) of said
channels have a second amount of a LAL-reactive substance isolated therein, and at least
two (2) of the channels have a third amount of a LAL-reactive substance isolated therein.
[00142] In yet another embodiment of the disc, at least one distribution network is a
sample measurement network comprising at least four (4) testing channels. At least two
(2) of the channels have no LAL-reactive substance therein and at least two (2) of the
channels have a spike with a fourth amount of a LAL-reactive substance isolated therein.
In another embodiment, the first, second, third amounts may be the same or different. If
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endotoxin is used, the first amount may be chosen such that when the endotoxin is in a
solution, the concentration ranges from 0.005 to 0.5 EU/mL. Similarly, the second amount
may range from 0.05 to 5.0 EU/mL and the third amount may range from 0.5 to 50
EU/mL.

[00143] In another embodiment of the microfluidic disc, at least one valve may be
positioned between a) the reservoir portion and the distribution network portion and/or b)
the metering portion and the analysis chamber portion. The valve may be configured to
allow centrifugal forces to motivate the aliquot to flow across the valve from the metering
portion to the analysis chamber portion.

[00144] In yet another embodiment, all of the analysis chamber portions may comprise
mixing chamber and an optical chamber. The mixing chamber may have at least one
additional reagent isolated therein. The additional reagent may comprise a detection
reagent. The mixing chamber may have thick sidewalls optimized for mixing the detection
reagent immobilized on the sidewalls with the aliquot. The thick sidewalls may promote
flow paths that mix the reagents and the aliquot close to the thick sidewalls. In another
embodiment, the analysis chamber may be configured to enable mixing the aliquot with
the reagent using at least one of the Coriolis effect, inertial effect, or bubbles and/or beads
entrained therein.

[00145] In yet another embodiment, the distribution network portion may further comprise
a main distribution channel, a waste inlet channel, and a waste chamber for confining any
excess fluid sample and separating the excess from the aliquot. In another embodiment, the
disc may be configured to allow centrifugal forces to eliminate bubbles from the sample
fluid in the optical chamber portion.

[00146] In another embodiment, a reader configured to test fluid samples in a microfluidic
disc is disclosed. The reader may comprise an enclosure, an optical bench, a centripetal
disc drive, and a controller. The microfluidic disc may comprise at least two testing arcas
wherein each testing area includes a reservoir portion for receiving at least one fluid
sample. The reservoir portion may comprise a reservoir and a reservoir outlet. The disc
may comprise a distribution network portion in fluid communication with the reservoir
portion. Each distribution network portion may comprise a distribution network of at least
four (4) channels, wherein each channel has a metering portion and at least one analysis
chamber portion. The metering portion may be sized to meter an aliquot of the fluid
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sample for analysis in the analysis chamber portion.

[00147] In another aspect of the reader and microfluidic disc, the sensing method is any of
a variety of optical measurements, including transmission, absorption, optical density,
color, color value, hue, spectrum, turbidity, scattered light, chemiluminescence, and
fluorescence. In another aspect of the reader and microfluidic disc, the sensing method is
method capable of sensing changes in the fluid remotely in a spinning disc, including
more-complex optical methods such as Raman spectroscopy, nuclear magnetic resonance,
and surface plasmon resonance, and non-optical methods such as electrical capacitance,
magnetism, sonic resistance, and sonic refraction.

[00148] In another aspect, the enclosure may include an inlet for inserting a fluid sample
into a reservoir of the disc. The inlet and reader may be configured to prevent the user
from inserting the fluid sample into an incorrect reservoir.

[00149] In yet another embodiment of the reader, at least one distribution network may be
a calibration network comprising at least eight (8) testing channels. At least two (2) of the
channels have no LAL-reactive substance therein. At least two (2) of the channels have a
first amount of a LAL-reactive substance isolated therein. At least two (2) of the channels
have a second amount of a LAL-reactive substance isolated therein, and at least two (2) of
the channels have a third amount of a LAL-reactive substance isolated therein.

[00150] In another aspect of the reader, at least one distribution network may be a sample
measurement network comprising at least four (4) testing channels. At least two (2) of the
channels have no LAL-reactive substance therein, and at least two (2) of the channels
have a spike with a fourth amount of a LAL-reactive substance isolated therein.

[00151] In yet another embodiment of the invention, a method for testing at least one fluid
sample for LAL-reactive substances is disclosed. The method may comprise inserting a
microfluidic disc into a optical reader. The microfluidic disc may comprise at least two
testing areas wherein each testing area includes a reservoir portion for receiving at least
one fluid sample. The reservoir portion may comprise a reservoir and a reservoir outlet.
The disc may also comprise a distribution network portion in fluid communication with
the reservoir portion. Each distribution network portion may comprise a distribution
network of at least four (4) testing channels, wherein each testing channel has a metering
portion and at least one analysis chamber portion comprising an optical chamber. The
metering portion may be sized to meter an aliquot of the fluid sample for analysis in the
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optical chamber.

[00152] The reader may comprise an enclosure, an optical bench, a centripetal disc drive,
an inlet for introducing said fluid sample into said disc, and a controller. A fluid sample is
inserted into the inlet of the reader. The reader spins the disc until a reaction velocity is
reached. The reader analyzes the aliquot in the optical chamber using the optical bench to
obtain measurement data and/or reaction data. The measurement data and/or reaction data
and calibration curves may be used to calculate testing results. The reader may then report
and/or store the test results.

[00153] In another embodiment, at least one reagent comprising a detection reagent and/or
LAL-reactive substance may be introduced into the reader inlet. The reader may spin the
disc until reaction velocity is reached. The aliquot is allowed to react with the detection
reagent. The aliquot may be analyzed in the optical chamber using the optical bench to
obtain measurement data and/or reaction data. The measurement data and/or reaction data
and calibration curves may be used to calculate testing results. The reader may then report
and/or store the test results.

[00154] In another method embodiment, at least one optical chamber has at least one
reagent isolated therein. The reagent may comprise a LAL-reactive substance and/or a
detection reagent. In yet another embodiment, the method may further comprise
transferring the fluid sample from the reservoir to the metering portion and metering said
aliquot. The aliquot may be transferred from the metering portion to the optical chamber.
The aliquot may be continuously monitored in the optical chamber to obtain measurement
data and/or reaction data using the optical bench until the aliquot has finished reacting.
The measurement data and/or reaction data and calibration curves may be used to
calculate testing results. The reader may then report and/or store the test results.

[00155] In another method embodiment, the measurement data and/or reaction data may
comprise aliquot volumes, reaction kinetics, fluid motions, transmission, absorption,
optical density, color, color wvalue, hue, spectrum, turbidity, scattered light,
chemiluminescence, fluorescence, and magnetic resonance. The method and/or said
measurement data and/or reaction data may be validated using historical measurement
data and/or data from known reaction kinetics. In yet another embodiment, a tracer may
be immobilized within the analysis chamber to aid in measuring and validating the aliquot
volume.

40



WO 2014/058757 PCT/US2013/063639
EXAMPLE
[00156] The following example demonstrates an embodiment wherein endotoxin

standards are preloaded into disc 103. The endotoxin standard range is shown in Table 1.

The endotoxin standard range, however, may be different in other embodiments.

Table 1
Mid Range
Range (EU/mL) Lowest (EU/mL) (EU/mL) Highest (EU/mL)
0.005-0.5 0.005 0.05 0.5
0.01-1 0.01 0.1 1
0.05-5 0.05 0.5 5
0.1-10 0.1 1 10
0.5-50 0.5 50
[00157] As explained above, an exemplary embodiment of disc includes twenty-four

(24) testing areas 303 formed therein, wherein each testing area 303 is configured to test a

separate fluid. Table 2 illustrates the reagent within each optical chamber 202 of a disc 103

having twenty-four (24) testing areas 303, wherein each testing area includes four (4)

optical chambers 202.

[00158] FIG. 5B illustrates another embodiment of the reagent within each optical

chamber 202 of a disc 103 having twenty-four (24) testing areas 303, wherein each testing

area 303 includes four (4) optical chambers 202. Table 1 indicates that the lowest, mid-

range, and highest endotoxin levels depend on the range of the particular disc103, wherein

the range level within a disc 103 is the same for each testing area 303. The units of the

different ranges are in EU/mL (Endotoxin Units per milliliter). Calibration replicates are

averaged to generate a calibration curve. A negative control must be statistically different

than the lowest calibration level. Sample analysis replicates are averaged for each reported

value. Positive control spikes are averaged and the difference between spiked analysis and

base analysis must be within 50% and 200% of the mid-range value for a valid analysis. The

calibration curve for each disc 103 shown in Tables 2 and 3 is based upon a triple replicate

control. Table 1 is for a disc 103 in which each testing area 303 has a reservoir 325

containing either sample fluid to be tested or LAL Reagent Water that is delivered to four

(4) optical chambers 202 in the testing area 303. Table 2 is for a disc 103 in which the four
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(4) optical chambers 202 of four (4) testing areas 303 are provided with LAL Reagent

Water from one (1) shared reservoir 325.

[00159]

Each disc 103 contains at least one sample fluid, which itself consists of at

least two replicates of a standard analysis and two positive controls, i.c. spiked with

Endotoxin; and a calibration curve formed with at least 3 points and negative controls

(blanks), each with at least 2 (or 3) replicates.

Table 2
Sample Optical Endotoxin e
Reservoir Sample Chamber Standard Description
1 LAL Reagent 1 0 Negative Control
Water (Blank) Rep 1
2 0 Negative Control
(Blank) Rep 2
3 0 Negative Control
(Blank) Rep 3
Lowest Detection Range
4 Lowest Calibration Standard
Rep 1
Lowest Detection Range
2 LAL Reagent 5 Lowest Calibration Standard
Water
Rep 2
Lowest Detection Range
6 Lowest Calibration Standard
Rep 3
. Mid Range Calibration
7 Mid Range Standard Rep 1
. Mid Range Calibration
8 Mid Range Standard Rep 2
LAL Reagent . Mid Range Calibration
3 Water 0 Mid Range Standard Rep 3
Highest Detection Range
10 Highest Calibration Standard
Rep 1
. Highest Detection Range
1 Highest Calibration Standard
Rep 2
Highest Detection Range
12 Highest Calibration Standard
Rep 3
4 Sample A 13 0 Sample A Alnaly51s Rep
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14 0 Sample A Aznalysis Rep
. Positive Control Spike
15 Mid Range for Sample A Rep 1
. Positive Control Spike
16 Mid Range for Sample A Rep 2
5 Sample B 17 0 Sample B Alnaly51s Rep
18 0 Sample B Aznalysis Rep
. Positive Control Spike
19 Mid Range for Sample BRep 1
. Positive Control Spike
20 Mid Range for Sample B Rep 2
6 Sample C 21 0 Sample C Alnaly51s Rep
2 0 Sample C Aznalysis Rep
. Positive Control Spike
23 Mid Range for Sample C Rep 1
. Positive Control Spike
24 Mid Range for Sample C Rep 2
7 Sample D 25 0 Sample D Alnalysis Rep
26 0 Sample D Aznalysis Rep
. Positive Control Spike
2
! Mid Range for Sample D Rep 1
: Positive Control Spike
28 Mid Range for Sample D Rep 2
] Sample E 29 0 Sample E Alnaly51s Rep
30 0 Sample E Aznalysis Rep
. Positive Control Spike
31 Mid Range for Sample E Rep 1
. Positive Control Spike
32 Mid Range for Sample E Rep 2
9 Sample F 33 0 Sample F Alnalysis Rep
34 0 Sample F Aznalysis Rep
. Positive Control Spike
35 Mid Range for Sample F Rep 1
. Positive Control Spike
36 Mid Range for Sample F Rep 2
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10 Sample G 37 0 Sample G Alnalysis Rep
38 0 Sample G Aznalysis Rep
. Positive Control Spike
39 Mid Range for Sample G Rep 1
. Positive Control Spike
40 Mid Range for Sample G Rep 2
11 Sample H 41 0 Sample H Alnaly51s Rep
42 0 Sample H Aznalysis Rep
. Positive Control Spike
4
3 Mid Range for Sample HRep 1
. Positive Control Spike
44 Mid Range for Sample H Rep 2
12 Sample 1 45 0 Sample I Analysis Rep 1
46 0 Sample I Analysis Rep 2
. Positive Control Spike
47 Mid Range for Sample I Rep 1
. Positive Control Spike
48 Mid Range for Sample I Rep 2
13 Sample J 49 0 Sample J Analysis Rep 1
50 0 Sample J Analysis Rep 2
. Positive Control Spike
> Mid Range for Sample J Rep 1
. Positive Control Spike
52 Mid Range for Sample J Rep 2
14 Sample K 53 0 Sample K Alnaly51s Rep
54 0 Sample K Aznalysis Rep
. Positive Control Spike
>3 Mid Range for Sample K Rep 1
. Positive Control Spike
56 Mid Range for Sample K Rep 2
15 Sample L 57 0 Sample L Alnalysis Rep
58 0 Sample L Analysis Rep
2
. Positive Control Spike
59 Mid Range for Sample L Rep 1
. Positive Control Spike
60 Mid Range for Sample L Rep 2
16 Sample M 61 0 Sample M Alnalysis Rep
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62 0 Sample M Aznalysis Rep
. Positive Control Spike
63 Mid Range for Sample M Rep 1
. Positive Control Spike
64 Mid Range for Sample M Rep 2
17 Sample N 65 0 Sample N Alnalysis Rep
66 0 Sample N Aznalysis Rep
. Positive Control Spike
M
67 id Range for Sample N Rep 1
. Positive Control Spike
68 Mid Range for Sample N Rep 2
18 Sample O 69 0 Sample O Alnaly51s Rep
70 0 Sample O Aznalysis Rep
. Positive Control Spike
71 Mid Range for Sample O Rep 1
. Positive Control Spike
72 Mid Range for Sample O Rep 2
19 Sample P 73 0 Sample P Alnalysis Rep
74 0 Sample P Aznalysis Rep
. Positive Control Spike
& Mid Range for Sample P Rep 1
. Positive Control Spike
76 Mid Range for Sample P Rep 2
20 Sample Q 77 0 Sample Q Alnaly51s Rep
78 0 Sample Q Aznalysis Rep
. Positive Control Spike
79 Mid Range for Sample Q Rep 1
. Positive Control Spike
M
80 1d Range for Sample Q Rep 2
1 Sample R ]1 0 Sample R Alnalysis Rep
]2 0 Sample R Aznalysis Rep
. Positive Control Spike
83 Mid Range for Sample R Rep 1
84 Mid Range Positive Control Spike

for Sample R Rep 2
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7 Sample S 85 0 Sample S Alnaly51s Rep
36 0 Sample S Aznalysis Rep
. Positive Control Spike
87 Mid Range for Sample S Rep 1
. Positive Control Spike
88 Mid Range for Sample S Rep 2
23 Sample T %9 0 Sample T Alnalysis Rep
90 0 Sample T Aznalysis Rep
. Positive Control Spike
o1 Mid Range for Sample T Rep 1
. Positive Control Spike
02 Mid Range for Sample T Rep 2
24 Sample U 93 0 Sample U Alnaly51s Rep
94 0 Sample U Aznalysis Rep
. Positive Control Spike
93 Mid Range for Sample U Rep 1
. Positive Control Spike
%6 Mid Range for Sample U Rep 2
Table 3
Sample Optical Endotoxin .
Reservoir Sample Chamber Standard Description
1 LAL Reagent 1 0 Negative Control
Water (Blank) Rep 1
2 0 Negative Control
(Blank) Rep 2
3 0 Negative Control
(Blank) Rep 3
Lowest Detection
4 Lowest Range Calibration
Standard Rep 1
Lowest Detection
5 Lowest Range Calibration
Standard Rep 2
Lowest Detection
6 Lowest Range Calibration
Standard Rep 3
Mid Range Calibration
7 Mid Range Standard Rep 1
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Mid Range

Mid Range Calibration
Standard Rep 2

Mid Range

Mid Range
Calibration Standard
Rep 3

10

Highest

Highest Detection
Range Calibration
Standard Rep 1

11

Highest

Highest Detection
Range Calibration
Standard Rep 2

12

Highest

Highest Detection
Range Calibration
Standard Rep 3

Sample A

13

Sample A Analysis
Rep 1

14

Sample A Analysis
Rep 2

15

Mid Range

Positive Control Spike
for Sample A Rep 1

16

Mid Range

Positive Control
Spike for Sample A
Rep 2

Sample B

17

Sample B Analysis
Rep 1

18

Sample B Analysis
Rep 2

19

Mid Range

Positive Control
Spike for Sample B
Rep 1

20

Mid Range

Positive Control
Spike for Sample B
Rep 2

Sample C

21

Sample C Analysis
Rep 1

22

Sample C Analysis
Rep 2

23

Mid Range

Positive Control
Spike for Sample C
Rep 1

24

Mid Range

Positive Control Spike
for Sample C Rep 2

Sample D

25

Sample D Analysis
Rep 1
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26

Sample D Analysis
Rep 2

27

Mid Range

Positive Control
Spike for Sample D
Rep 1

28

Mid Range

Positive Control Spike
for Sample D Rep 2

6 Sample E

29

Sample E Analysis
Rep 1

30

Sample E Analysis
Rep 2

31

Mid Range

Positive Control Spike
for Sample E Rep 1

32

Mid Range

Positive Control
Spike for Sample E
Rep 2

7 Sample F

33

Sample F Analysis
Rep 1

34

Sample F Analysis
Rep 2

35

Mid Range

Positive Control Spike
for Sample F Rep 1

36

Mid Range

Positive Control
Spike for Sample F
Rep 2

8 Sample G

37

Sample G Analysis
Rep 1

38

Sample G Analysis
Rep 2

39

Mid Range

Positive Control
Spike for Sample G
Rep 1

40

Mid Range

Positive Control

Spike for Sample G
Rep 2

9 Sample H

41

Sample H Analysis
Rep 1

42

Sample H Analysis
Rep 2

43

Mid Range

Positive Control
Spike for Sample H
Rep 1
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44

Mid Range

Positive Control
Spike for Sample H
Rep 2

10 Sample 1

45

Sample I Analysis
Rep 1

46

Sample I Analysis
Rep 2

47

Mid Range

Positive Control
Spike for Sample I
Rep 1

48

Mid Range

Positive Control
Spike for Sample I
Rep 2

11 Sample J

49

Sample J Analysis
Rep 1

50

Sample J Analysis
Rep 2

51

Mid Range

Positive Control
Spike for Sample J
Rep 1

52

Mid Range

Positive Control
Spike for Sample J
Rep 2

12 Sample K

53

Sample K Analysis
Rep 1

54

Sample K Analysis
Rep 2

55

Mid Range

Positive Control
Spike for Sample K
Rep 1

56

Mid Range

Positive Control Spike
for Sample K Rep 2

13 Sample L

57

Sample L Analysis
Rep 1

58

Sample L Analysis
Rep 2

59

Mid Range

Positive Control Spike
for Sample L Rep 1

60

Mid Range

Positive Control
Spike for Sample L
Rep 2

14 Sample M

61

Sample M Analysis
Rep 1

62

Sample M Analysis
Rep 2
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Positive Control

63 Mid Range Spike for Sample M
Rep 1
Positive Control
64 Mid Range Spike for Sample M
Rep 2
15 Sample N 65 0 Sample N Analysis
Rep 1
Sample N Analysis
66 0 Rep 2
Positive Control
67 Mid Range Spike for Sample N
Rep 1
Positive Control Spike
68 Mid Range for Sample N Rep 2
16 Sample O 69 0 Sample O Analysis
Rep 1
Sample O Analysis
70 0 Rep 2
Positive Control
71 Mid Range Spike for Sample O
Rep 1
Positive Control Spike
72 Mid Range for Sample O Rep 2
17 Sample P 73 0 Sample P Analysis
Rep 1
Sample P Analysis
74 0 Rep 2
Positive Control Spike
75 Mid Range for Sample P Rep 1
Positive Control Spike
76 Mid Range for Sample P Rep 2
Sample Q Analysis
18 Sample Q 77 0 Rep 1
Sample Q Analysis
78 0 Rep 2
Positive Control Spike
79 Mid Range for Sample Q Rep 1
Positive Control
80 Mid Range Spike for Sample Q
Rep 2
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19

Sample R

81

Sample R Analysis
Rep 1

82

Sample R Analysis
Rep 2

&3

Mid Range

Positive Control Spike

for Sample R Rep 1

84

Mid Range

Positive Control
Spike for Sample R
Rep 2

20

Sample S

&5

Sample S Analysis
Rep 1

86

Sample S Analysis
Rep 2

87

Mid Range

Positive Control
Spike for Sample S
Rep 1

&8

Mid Range

Positive Control
Spike for Sample S
Rep 2

21

Sample T

&9

Sample T Analysis
Rep 1

90

Sample T Analysis
Rep 2

91

Mid Range

Positive Control
Spike for Sample T
Rep 1

92

Mid Range

Positive Control
Spike for Sample T
Rep 2

22

Sample U

93

0

Sample U Analysis
Rep 1

94

0

Sample U Analysis
Rep 2

95

Mid Range

Positive Control
Spike for Sample U

Rep 1

96

Mid Range

Positive Control
Spike for Sample U
Rep 2

[00160] During the testing process of disc 103 within reader 100, when the fluid is
positioned within the optical chamber 202 for optical analysis, the reader 100 is configured
to conduct optical testing, such as optical spectrometry, recording the data analyzed, and

compile the recorded data.
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[00161] The disc 103 and reader 100 provide faster analysis time compared to
standard microplate methods for testing for bacterial endotoxins as well as any other fluid
testing. The disc 103 requires much less preparation time than typical microplates, resulting
in less chance of contamination, easier to integrate into other laboratory tasks, and lower
costs. The disc 103 and reader 100 meet all the valid test requirements of USP <85>
Bacterial Endotoxin Test for turbidimetric or chromogenic techniques, including
preparatory testing which includes assurance of criteria for the calibration curve and test for
interfering factors. This includes verifying the test procedure, calculation, interpretation,
and results, in the case of LAL Reagent Water, are less than 0.25 EU/ml and in the case of
product the endotoxin is less than the limit for the product. Each fluid sample, blank, and
calibration endotoxin test is internally validated within reader 100, which includes means to
validate the tests including, but not limited to, sample critical optical quality blank reading,
mixed sample/reagents/optional endotoxin, initial optical reading, smoothness of the change
and rate of change of the critical optical quality, closeness of fit to theoretical expected
change, expectations on the noise level of the data, and the like. If test results appear
incorrect the testing process for a disc 103 will be stopped and an error message will be sent
to user interface 113 and/or input device 114 without producing an endotoxin measurement
result. There is no attachment of reagents onto optical windows 205 to allow the initial
critical optical quality measurement of the fluid sample prior to the addition or mixing of
reagents with the fluid.

[00162] “Validate” as used herein means to substantiate, confirm the quality of, or
establish the certainty of the analysis or progress of the analysis. When validating the
suitability of the analysis, compendia methods may be used wherein at least two positive
controls (samples spiked with LAL-reactive substances at the middle of the calibration
range), three negative controls (blanks), and any other parameters specified by the
manufacturer or compendia are required. The positive product control spikes must meet
compendia requirements (between 50% and 200% spike yield), the negative control
(difference between lowest level and blank, with the blank having a lower response level),
and the manufacturers specification (e.g. the difference between a 0.005 EU/mL sample and
blank, or onset time limits for certain standards). If these analyses are successful, they
validate that the system and reagents are operating to specification. To validate the data
stream means that the data streams’ behavior statistically corresponds to the expected
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behavior based on historical measurement data or the known reaction kinetics of the
reaction between the detection reagent and LAL- reactive substance. This shows that the
data stream is being generated by a change in the analysis chamber based on the LAL
reaction and not a change in the chamber or optical path based on some abnormality, such
as a bubble. Ultimately this differentiation would itself be validated by multiple tests on
different reagents and lots and induced anomalies to confirm its operation, including, but
not limited to, sample critical optical quality blank reading, mixed sample/reagents/optional
LAL-reactive substances, initial optical reading, smoothness of the change and rate of
change of the critical optical quality, closeness of fit to theoretical expected change,
expectations on the noise level of the data, and the like. If test results appear incorrect the
testing process for a module will be stopped and an error message will be sent without
producing an LAL-reactive substances measurement result.

[00163] Reader 100 and disc 103 are configured to prevent introduction errors by the
fluid sample. In an embodiment, reader 100 and/or disc 103 includes visual feedback for
placement of fluid samples, which may include colored or marked fields or other active
optical feedback. Reader 100 and disc 103 are also configured to minimize pipetting errors.
[00164] Each fluid sample is automatically aliquoted for multiple testing. Each fluid
sample is injected in one reservoir 325 (preferably about 100 pl of fluid) and split into 4
equal aliquots of fluid to meet the requirements of USP <85> Bacterial Endotoxin Test
standard. The user only injects fluid samples and LAL Reagent Water into disc 103.
Because of the reduced amount of fluid sample used for testing, a similarly less amount of
reagent is required for a testing process, and a reduced amount of necessary reagent results
in a cheaper test for bacterial endotoxin.

[00165] The reader 100 and disc 103 are also configured to predict BET
measurement results. The reader 100 and disc 103 include means to accurately
predict the concentration of endotoxin in the samples by monitoring the critical optical
quality (transmission, absorption, optical density, color, color value, hue, spectrum,
turbidity, scattered light, chemiluminescence, or florescence) as a function of time and
applying various prediction algorithms. The prediction is used to speed up measurement
time to final results. The reader 100 and disc 103 also allow for signal extraction from noise
during the optical analysis. The reader 100 and disc 103 also provides for the use of the
kinetic reaction model or other reaction models. Disc 103 includes optional active fluid
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sample degassing using hydrophobic membranes and multiple sample movement past
the membrane or degassing while sample is not moving and is in static contact with the
membrane.

[00166] Reader 100 and disc 103 include ways to indicate which reservoir 325 is to
be filled by the user with an option to associate an entered label or identifier for the sample
into reader 100, automatic analysis of results including calculations, automatic report of all
results required by the user and regulatory requirements. Reader 100 also allows for
generation of reports that to include all relevant information on disc 103, reagent age, and
shelf life limits.

[00167] Reagents — including LAL, endotoxin, and optional chromogenic reagent,
and the like — can be preloaded at the correct levels in disc 103 by any practical means
including immobilization of the reagents onto the walls of optical chamber 202, addition of
dissolvable reagents in various forms (beads), or attached to dissolvable and non-
dissolvable films or forms inserted into disc 103. Disc 103 and reader 100 are configured to
reduce or climinate contamination. Disc 103 includes a sealing means to block the
transmission of water, oxygen, endotoxin, and bacteria into and through disc 103.

[00168] Reader 100 can include a heater or other apparatus to heat disc 103 to a
controlled temperature, preferably prior to introduction of the fluid samples. Heater of
reader 100 can be located in spindle 104, sometimes called a mandrel. Some
embodiments of reader 100 heat disc 103 via air-based thermal transfer using a sheer
layer next to rotating disc 103, which is rapid and uniform, lower cost, and east to control or
regulate. It is contemplated that some embodiments of reader 100 preheat disc 103 by
heating the interior of the enclosure or the mandrel. Reader 100 can be configured to
measure the optical density of the samples in disc 103 before, during, and at the end of the
reaction.

[00169] Disc 103, as explained above, can include reagents, such as, for
example, LAL, endotoxin, and/or chromogenic reagents. The reagents are stabilized for
long shelf life with addition of additives using slow or rapid drying methods. The
reagents/reactants can be configured to control solvation rate when reconstituted with the
fluid sample. Both slow drying and rapid lyophilization can be used, based on proven ability
to re-dissolve without loss of sensitivity for the endotoxin measurement. Extraction of
pyrogenic natural materials from bacteria can be used to create material that solubilizes
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quickly, prevents bio-molecular aggregates, and has good stability. These extracts can be
Control Standard Endotoxins, CSE, sourced from licensed LAL manufacturers to match
LAL reagent lots, or Reference Standard Endotoxin, RSE, which is universal and does not
need to be matched to lots. The use of RSE allows the manufacture of devices which can
be used with any LAL reagent, an advantage in manufacturing and distribution because
variants with specific reagents are unnecessary. The reagents are deposited in disc 103 to
control deposition accuracy, isolation of different reagent components to prevent premature
interaction, and optimized mixing from best physical arrangement. The reagents are
designed for fast solvation to increase accuracy of optical measurement. The rate of
solvation should be controlled so that the mixing with the fluid sample has maximum
efficiency. Solvation of the reagents can be controlled so that optical analyses can start at
known or pre-determined times, which increasing accuracy of the optical measurement.
[00170] Bubbles can interfere with motion of the fluid and the optical properties of
the fluid, and their control is important to a robust analytical system. Further, bubbles can
be controlled in disc 103 using centripetal force, such as during readings with disc spinning.
Normally, bubbles do not separate well at normal gravitational force due to their small size
and ability to stick to surfaces. However, the centripetal force of a spinning disc can
exceed the normal gravitational force as the rotational velocity of the disc increases, thereby
naturally eliminating bubbles. This allows for multiple methods or reagent or standard
immobilization that might generate bubbles.

[00171] Reader 100 and disc 103 improves the measurement of bacterial endotoxins
within a fluid sample by improving the test accuracy, decreasing errors in measurement
(timing, thermal wvariations, reaction initiation, reagent mixing, and optical
measurements), decreasing sample contamination, increasing sample through-put,
decreasing total test time, utilizing built-in test validations to increase reliability, and
meeting all global regulatory agency and pharmacopeia requirements. The test for bacterial
endotoxins is semi-automated using reader 100 and disc 103 which allow a high density of
tests to be accomplished with a minimum amount of user input.

[00172] In one embodiment, standard is a control standard endotoxin extracted from
pyrogenic natural material for use as an analyte reference to have optimum physical
characteristics for use with disc 103 and reader 100, such as optimum solvation rates,
micelle formation (bio-molecular aggregates), and stability.
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[00173] It is contemplated that in some embodiments of disc 103, multiple
reagents can be immobilized in optical chamber 202. In these embodiments, the reagents are
accurately placed on optical chamber 202 such that the reagents are isolated from one
another and physically arranged for controlled mixing, such that the reagents do not interact
prematurely.

[00174] As can be seen, since reader 100 and disc 103 reduce the amount of
preparation time and reduce the likelihood of contamination, this allows disc 103 and
reader 100 to be integrated easier into the lab, reduce the cost of reader 100 and disc 103,
provide for a faster analysis time, reduce technician training time, increase robustness of
testing quality, and reduce the amount of time technicians require to carry out the tests.
The faster analysis time is due to shorter preparation time and extrapolation of an endpoint.
[00175] Further, since disc 103 is contained inside of enclosure 101 of reader 100
and the fluidics network 600 of disc 103 is largely sealed, there is less chance of
contaminants entering disc 103 and interfering with testing. Such contaminants may
include, endotoxins, glucans, biochemicals, enzyme inhibiting ions, and optical
contaminants (e.g. fingerprints on surfaces, such as optical windows 205). This is due to the
fact that there is better control of the testing environment inside enclosure 101 and disc 103
requires less handling during testing. Further, due to the control of the environment
within enclosure 101 and the form and volume of disc 103, enclosure 101 and disc 103
give faster and better thermal control and material control, such as through reduced
contamination and toxicity of component surfaces.

[00176] Further, the microfluidic properties of disc 103 provide for one or both
of active mixing and passive mixing of the fluid therewithin during testing. Active mixing
may be comprised of one or more of stirring using inertial force, the Coriolis effect to
spin the sample, various channels, networks, or chambers that effect mixing as fluids are
resident or pass through them, either in one direction or reciprocally, or mechanical or
acoustic actuators that physically stir the sample. Passive mixing may comprise methods
utilizing diffusion in narrow chambers of disc 103.

[00177] The design of the fluidics network 600 of disc 103 uses a lower volume of
reagents, which leads to a lower material cost for running a test, lower input on natural
resources, and less waste.

[00178] As can be seen in disc 103 and reader 100, in accordance with the
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compendia methods, licensed reagents are used, each sample is assayed in duplicate,
and each sample is assayed with a positive control spike at the middle level in duplicate.
Further, calibration is performed in triplicate at low, middle, and high levels, wherein
decade (10x) changes in concentration give a wide range, and compendia (e.g. USP 85)
requires triplicate replications when it's the first time a new lot of reagent is used, so by
always doing triplicate replication we cover every case. Negative controls are also
performed in triplicate in accordance with the same logic for performing calibration in
triplicate. It is contemplated that some embodiments of disc 103 only have duplicate
calibration and negative control replication because that is all that is required for subsequent
uses of a reagent lot under compendia. Where non-compendia methods are acceptable or
have been validated as being equivalent and acceptable to regulatory agencies, a stored
calibration based on historical data can be used instead of the results from individual
standards.

[00179] Further, as can be seen in disc 103, since precise volumes of sample fluid
and reagent are needed during aliquoting and distribution, a single sample can be split into
four or more analysis with duplicate replications on assay with and without positive control
spike, and LAL Reagent Water used as sample for calibration and negative controls could
be split into four assays to use identical fluidics testing areas. Further, positive control
spikes and calibration standards can be mixed into samples during aliquoting or distribution.
Additionally, excess sample can be drained off and stored in disc 103, which makes transfer
of samples easier because they do not have to be an exact volume.

[00180] Further, as can be seen, disc 103 is configured to receive twenty-one (21)
samples of fluid to be tested, in addition to a blank test as well as establishing a calibration
curve, as provided in the BET. It should be understood by one of ordinary skill in the
art that although the exemplary disc 103 shown and described herein includes twenty-four
(24) radial testing arcas 303 formed therein, other embodiments of disc 103 can be formed
with more or fewer radial testing areas 303. It should also be understood by one of
ordinary skill in the art that although the discussion herein is in reference to the use of disc
103 for carrying out the testing array provided in the BET, disc 103 can also be
configured to be used in any other testing method for testing fluid samples and providing a
calibration test as well as a baseline test.

[00181] While this invention has been described in conjunction with the specific
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embodiments described above, it is evident that many alternatives, combinations,
modifications and variations are apparent to those skilled in the art. Accordingly, the
preferred embodiments of this invention, as set forth above are intended to be illustrative
only, and not in a limiting sense. Various changes can be made without departing from
the spirit and scope of this invention. Therefore, the scope of the present invention is
defined by the appended claims, and all devices, processes, and methods that come within
the meaning of the claims, either literally or by equivalence, are intended to be embraced

therein.
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WHAT IS CLAIMED IS:

1. A microfluidic disc for use with a centripetal microfluidics system, said
microfluidic disc comprising at least two testing areas wherein each testing area includes:

a reservoir portion for receiving at least one fluid sample, said reservoir portion
comprising a reservoir and a reservoir outlet;

and a distribution network portion in fluid communication with said reservoir
portion;

wherein each distribution network portion comprises a distribution network of at
least four (4) channels, wherein each channel has a metering portion and at least one
analysis chamber portion, said metering portion being sized to meter an aliquot of said
fluid sample for analysis in said analysis chamber portion; and

wherein at least one testing channel portion has at least one reagent isolated

therein, said reagent comprising a LAL-reactive substance.

2. The microfluidic disc of claim 1, wherein at least one distribution network is a
calibration network comprising at least eight (8) testing channels and wherein:

at least two (2) of said channels have no LAL-reactive substance therein;

at least two (2) of said channels have a first amount of a LAL-reactive
substance isolated therein;

at least two (2) of said channels have a second amount of a LAL-reactive
substance isolated therein; and

at least two (2) of said channels have a third amount of a LAL-reactive

substance isolated therein.

3. The microfluidic disc of claim 1, wherein at least one distribution network is a

sample measurement network comprising at least four (4) testing channels and wherein:
at least two (2) of said channels have no LAL-reactive substance therein;
at least two (2) of said channels have a spike with a fourth amount of a

LAL-reactive substance isolated therein.

4. The microfluidic disc of claim 1, wherein at least one valve is positioned
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between a) said reservoir portion and said distribution network portion, and/or b) said

metering portion and said analysis chamber portion.

5. The microfluidic disc of claim 4, wherein said valve is configured to allow
centrifugal forces to motivate said aliquot to flow across said valve from said metering

portion to said analysis chamber portion.

6. The microfluidic disc of claim 1, wherein all of said analysis chamber portions
comprise a mixing chamber and an optical chamber, said mixing chamber having at
least one additional reagent isolated therein, said additional reagent comprising a

detection reagent.

7. The microfluidic disc of claim 6, wherein said mixing chamber has thick sidewalls
optimized for mixing said detection reagent immobilized on said sidewalls with said
aliquot, wherein said thick sidewalls promote flow paths that mix said reagents and said

aliquot close to said thick sidewalls.

8. The microfluidic disc of claim 1, wherein said analysis chamber is configured to
enable mixing said aliquot with said reagent using at least one of the Coriolis effect, inertial

effect, or bubbles and/or beads entrained therein.

9. The microfluidic disc of claim 1, wherein said distribution network portion further
comprises a main distribution channel, a waste inlet channel, and a waste chamber for
confining any excess of said fluid sample and separating said excess fluid sample from said

aliquot.

10.  The microfluidic disc of claim 1, wherein said disc is configured to allow centrifugal

forces to eliminate bubbles from said sample fluid in said optical chamber portion.

11. A reader configured to test fluid samples in a microfluidic disc, said reader
comprising an enclosure, an optical bench, a centripetal disc drive, and a controller;
wherein said microfluidic disc comprises at least two testing areas wherein each testing

area includes:
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a reservoir portion for receiving at least one fluid sample, said reservoir portion
comprising a reservoir and a reservoir outlet;

and a distribution network portion in fluid communication with said reservoir
portion;

wherein each distribution network portion comprises a distribution network of at
least four (4) testing channels, wherein each testing channel has a metering portion and at
least one analysis chamber portion, said metering portion being sized to meter an aliquot

of said fluid sample for analysis in said analysis chamber portion.

12.  The reader of claim 11, wherein said enclosure includes an inlet for inserting a
fluid sample into a reservoir of said disc, wherein said inlet and reader are configured to

prevent the user from inserting said fluid sample into an incorrect reservoir.

13. The reader of claim 11, wherein at least one distribution network is a calibration
network comprising at least eight (8) testing channels and wherein:

at least two (2) of said channels have no LAL-reactive substance therein;

at least two (2) of said channels have a first amount of a LAL-reactive
substance isolated therein;

at least two (2) of said channels have a second amount of a LAL-reactive
substance isolated therein; and

at least two (2) of said channels have a third amount of a LAL-reactive

substance isolated therein.

14. The reader of claim 11, wherein at least one distribution network is a sample
measurement network comprising at least four (4) testing channels and wherein:
at least two (2) of said channels have no LAL-reactive substance therein;
at least two (2) of said channels have a spike with a fourth amount of a

LAL-reactive substance isolated therein.

15. A method for testing at least one fluid sample for LAL-reactive substances, said
method comprising:
inserting a microfluidic disc into a optical reader wherein:
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said microfluidic disc comprises at least two testing arecas wherein each
testing area includes:
a reservoir portion for receiving at least one fluid sample, said
reservoir portion comprising a reservoir and a reservoir outlet;
and a distribution network portion in fluid communication with said
reservoir portion;
wherein each distribution network portion comprises a distribution
network of at least four (4) testing channels, wherein each channel has a
metering portion and at least one analysis chamber portion comprising an
optical chamber, said metering portion being sized to meter an aliquot of said
fluid sample for analysis in said optical chamber; and
said reader comprises an enclosure, an optical bench, a centripetal disc drive,
an inlet for introducing said fluid sample into said disc, and a controller;
inserting said fluid sample into said inlet of said reader;
spinning said disc until reaction velocity is reached;
analyzing said aliquot in said optical chamber using said optical bench to obtain
measurement data and/or reaction data;
calculating testing results using calibration curves and said measurement data and/or
reaction data; and

reporting and/or storing said testing results.

16. The method of claim 15, further comprising:

inserting at least one reagent comprising a detection reagent and/or LAL-reactive
substance into said inlet of said reader;

spinning said disc until reaction velocity is reached;

allowing said aliquot to react with said detection reagent;

analyzing said aliquot in said optical chamber using said optical bench to obtain
measurement data and/or reaction data;

calculating testing results using calibration curves and said measurement data and/or
reaction data; and

reporting and/or storing said testing results.
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17.  The method of claim 15, wherein at least one testing channel has at least one reagent
isolated therein, said reagent comprising a LAL-reactive substance and/or a detection
reagent and wherein said method further comprises:

transferring said fluid sample from said reservoir to said metering portion and
metering said aliquot;

transferring said aliquot from said metering portion to said optical chamber;

continuously monitoring said aliquot in said optical chamber using said optical
bench until said aliquot has finished reacting to obtain measurement data and/or reaction
data;

calculating testing results using calibration curves and said measurement data and/or
reaction data; and

reporting and/or storing said testing results.

18. The method of claim 15, wherein said measurement data and/or reaction data
comprises, aliquot volumes, reaction kinetics, fluid motions, transmission, absorption,
optical density, color, color wvalue, hue, spectrum, turbidity, scattered light,

chemiluminescence, fluorescence, and magnetic resonance.

19. The method of claim 18, wherein said method and/or said measurement data and/or
reaction data are validated using historical measurement data and/or data from known

reaction kinetics.

20.  The method of claim 19, wherein a tracer is immobilized within said testing channel

to aid in measuring and validating a volume of said aliquots.
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