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LINEAR TRACK DIAGNOSTIC ANALYZER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims benefit of priority to U.S. provisional application No.

61/790,599, filed on March 15, 2013, which is incorporated by reference in its entirety.

FIELD OF THE DISCLOSURE

[001] This disclosure relates to a linear track of a diagnostic analyzer. The linear
track has a pre-treatment lane which allows blood samples disposed within the pre-
treatment lane to be pre-treated simultaneously as diagnostic testing is conducted on
blood samples disposed within one or more parallel processing lanes. This increases

through-put of the diagnostic analyzer.

BACKGROUND

[002] Diagnostic analyzers are used to conduct testing on blood samples to
determine a characteristic, trait, property, or condition of the blood samples.
Diagnostic analyzers often utilize moving circular carousels which hold reaction
vessels into which blood samples and reagents are added. In order to pre-treat the
blood samples needing incubation time prior to diagnostically testing these blood
samples, the circular carousels typically rotate around multiple times while the blood
samples within the circular carousels are incubating. This increases the time duration
of completing the analysis because the diagnostic analyzer has to wait until the
circular carousels finish the pre-treatment cycles before diagnostically testing the pre-
treated blood samples. Alternatively, a segment of a circular carousel may be used for

a pretreatment incubation then transferred back to the first incubation entry point to
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continue processing. This decreases throughput because new blood samples are
delayed to allow pretreatment samples in process to continue. Moreover, use of the
circular carousels requires a great deal of space, and requires that spots on the circular
carousels be reserved for pre-treatment.

[003] A diagnostic analyzer and method of testing a blood sample is needed to
overcome one or more of the issues of one or more of the existing diagnostic

analyzers.

SUMMARY

[004] In one embodiment, a diagnostic analyzer system is disclosed. The diagnostic
analyzer system includes a primary process lane, a pretreatment process lane, and a
transferring device. The primary process lane includes: a plurality of movable
reaction vessels for carrying out diagnostic testing on samples in the plurality of
movable reaction vessels; a mixer for agitating the samples in the plurality of movable
reaction vessels; and a diagnostic reaction optical detection unit in light
communication with one of the samples in one of the plurality of movable reaction
vessels. The pretreatment process lane includes a second plurality of movable
reaction vessels operable to incubate, within the second plurality of movable reaction
vessels, samples containing reagent to form pretreated samples with at least a portion
of the pretreatment lane not being coextensive with the primary process lane. The
transferring device is for transferring the pretreated samples from the pretreatment
process lane to the primary process lane.

[005] In another embodiment, a diagnostic analyzer system is disclosed. The

diagnostic analyzer system includes a linear track, at least one pipetting device, and at
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least one diagnostic module. The linear track includes a pre-treatment lane disposed
parallel to at least one processing lane. The linear track is for moving reaction
vessels, containing samples, held by the pre-treatment lane and by the at least one
processing lane. The pre-treatment lane is for pre-treating the samples in the reaction
vessels in the pre-treatment lane. The pre-treatment lane is not connected to any
diagnostic module for testing the samples in the reaction vessels in the pre-treatment
lane. The at least one pipetting device is for transferring the pre-treated samples from
the reaction vessels in the pre-treatment lane to the reaction vessels in the at least one
processing lane. The at least one diagnostic module is connected to the at least one
processing lane for testing the pre-treated samples transferred into the reaction vessels
in the at least one processing lane.

[006] In another embodiment, another diagnostic analyzer system is disclosed. The
diagnostic analyzer system includes a linear track, sample pipetting devices, reagent
pipetting devices, and at least one diagnostic module. The linear track includes
processing lanes and a pre-treatment lane parallel to the processing lanes. The linear
track is for moving reaction vessels, containing samples, held by the processing lanes
and the pre-treatment lane. The sample pipetting devices are for pipetting the samples
into the reaction vessels of ecach of the respective processing lanes and the pre-
treatment lane. The reagent pipetting devices are each dedicated to a different one of
the respective processing lanes and the pre-treatment lane for pipetting reagents into
the reaction vessels of each of the respective processing lanes and the pre-treatment
lane. The pre-treatment lane is for incubating the samples containing the pipetted

reagents in the reaction vessels in the pre-treatment lane. The pre-treatment lane is
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not connected to any diagnostic module for testing the incubated samples containing
the pipetted reagents in the reaction vessels in the pre-treatment lane. One of the
sample pipetting devices is also for transferring the incubated samples containing the
pipetted reagents from the reaction vessels in the pre-treatment lane to the reaction
vessels in the processing lanes. The at least one diagnostic module is connected to the
processing lanes for testing the incubated samples, containing the pipetted reagents,
transferred into the reaction vessels in the processing lanes.

[007] In still another embodiment, a method of testing a sample using a diagnostic
analyzer is disclosed. In one step, a linear track, comprising a pre-treatment lane and
at least one parallel processing lane, is moved thereby moving reaction vessels
containing samples held by the pre-treatment lane and by the at least one parallel
processing lane. In another step, the samples in the reaction vessels of the pre-
treatment lane are pre-treated without diagnostically testing them. In an additional
step, the pre-treated samples are pipetted from the reaction vessels in the pre-
treatment lane to the reaction vessels in the at least one parallel processing lane. In
yet another step, the pipetted pre-treated samples in the reaction vessels of the at least
one parallel processing lane are diagnostically tested.

[008] The scope of the present disclosure is defined solely by the appended claims

and is not affected by the statements within this summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[009] The disclosure can be better understood with reference to the following
drawings and description. The components in the figures are not necessarily to scale,

emphasis instead being placed upon illustrating the principles of the disclosure.
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[0010] Figure 1 illustrates a perspective view of one embodiment of a diagnostic
analyzer system;

[0011] Figure 2 illustrates a top view of the diagnostic analyzer system of Figure 1;
[0012] Figure 3 illustrates a perspective view of a linear track removed from the
diagnostic analyzer system of Figure 1;

[0013] Figure 4 illustrates a top view of the linear track of Figure 3 and further shows
at least one sample pipettor, at least one reagent pipettor, and a plurality of modules
connected to the linear track;

[0014] Figure 5 illustrates a cross-section view of a portion of the linear track of
Figure 4 with reaction vessels held in place within slots of the linear track; and
[0015] Figure 6 is a flowchart illustrating one embodiment of a method of testing

samples using a diagnostic analyzer.

DETAILED DESCRIPTION

[0016] Figures 1 and 2 respectively illustrate a perspective view and a top view of one
embodiment of a diagnostic analyzer system 10. As shown collectively in Figures 1
and 2, the diagnostic analyzer system 10 comprises a reaction vessel loading zone 12,
a sample storage zone 14, a reagent storage zone 16, a testing zone 18, and one or
more processors 19. The one or more processors 19 may control the actions of the
diagnostic analyzer system 10. The reaction vessel loading zone 12 comprises a zone
which supplies reaction vessels 20 to the testing zone 18 preferably using a robot 21.
The sample storage zone 14 comprises a zone which supplies samples 22 to the

testing zone 18 for testing. The samples 22 comprise blood samples, and may include



WO 2014/144759 PCT/US2014/029301

other body fluid sample. The samples may be taken from a mammal, a human, an
animal, or any type of living creature. The reagent storage zone 16 comprises a zone
which supplies reagents 24 to the testing zone 18. The testing zone 18 comprises a
zone which conducts testing on the samples 22 to determine a measurement, a
property, a trait, or a condition of the samples 22. In one embodiment, shown if
Figure 2, the testing zone 18 comprises two linear tracks 24. In other embodiments,
the testing zone 18 may comprise any number of linear tracks 24. In one
embodiment, the linear tracks 24 are made of stainless steel; however, other suitable
materials may be used. Preferably, the linear tracks 24 and the entire assemblies are
conductive to eliminate a build-up of static electricity. In the preferred embodiment,
shown in Figure 2, the linear tracks 24 are substantially identical. In other
embodiments, the linear tracks 24 may vary. Motor 26 provides power for translating
or otherwise moving the linear tracks 24 in the direction of a processing path. In
other embodiments, any number of motors 26 may be used to provide power for
translating or otherwise moving the linear tracks 24.

[0017] Figure 3 illustrates a perspective view of one of a portion of the testing zone,
and in particular, the linear tracks 24 of Figures 1 and 2 removed from the diagnostic
analyzer system 10. In the embodiment of Figure 3, the linear track 24 comprises two
outer processing lanes 28 and 30, and a pre-treatment lane 32 which is disposed
between and parallel to the two outer processing lanes 28 and 30. As discussed in
more detail below, the outer processing lanes 28 and 30 are used to conduct
diagnostic tests on samples. In other embodiments, the linear track 24 may comprise

any number of processing and pre-treatment lanes in varied configurations. In the
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embodiment of Figure 3, the linear track 24 is formed as a continuous linear belt-like
track that is disposed around pulleys 34 and 36. Pulleys 34 and 36 may engage the
linear track 24 in a sprocket-wheel engagement, in a friction engagement, or other
forms of engagement to cause translation or movement of the linear track 24. The
motor 26 of Figure 2 supplies power to one or more of the pulleys 34 and 36 of Figure
3 in order to rotate the pulleys 34 and 36 in the clockwise direction 38. The rotation
of the pulleys 34 and 36 causes the attached linear track 24 to rotate with and around
the pulleys 34 and 36 in the clockwise direction 38 thereby moving the outer
processing lanes 28 and 30 and the pre-treatment lane 32 of the linear track 24
simultaneously. In the embodiment of Figure 3, the processing lanes 28, 30 and pre-
treatment lane 32 are defined by a plurality of longitudinal openings or slots 42 within
the linear track 24, the slots 42 for accommodating a plurality of reaction vessels. As
a top portion 24a of the linear track 24 moves in linear direction 40 due to the rotation
of the pulleys 34 and 36, the reaction vessels 20 held in place within the plurality of
slots 42 of the linear track 24 also move in linear direction 40. Preferably, the
plurality of slots 42 are precision laser-cut slots of the linear track 24. The processing
lanes 28, 30 and pre-treatment lane 32 may also be defined by a plurality of reaction
vessel holders attached to the linear track as well as other manners to engage a
reaction vessel to a linear track to cause motion of the reaction vessels. Further,
although the embodiment of Figure 3 depicts simultancous movement of the reaction
vessels in the pretreatment and processing lanes via a single mechanism for
translation or movement of the entire linear track, the lanes can be separated in to

different tracks and moved by different mechanisms and at different rates in other
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embodiments.

[0018] Figure 4 illustrates a top view of the linear track 24 of Figure 3 and further
shows at least one sample pipettor 44, at least one reagent pipettor 46, and a plurality
of modules 48 adjacent to the linear track 24. Each of the two outer processing lanes
28 and 30 and the pre-treatment lane 32 comprise the plurality of slots 42 disposed in
the linear track 24. The slots 42 within the outer processing lanes 28 and 30 and the
pre-treatment lane 32 are each precisely sized to receive and hold one of the reaction
vessels 20 from the loading zone 12 of Figure 2. In the embodiment of Figure 4, both
the slots 42 and the reaction vessels 20 are rectangular. In other embodiments, the
slots 42 and the reaction vessels 20 may comprise varying shapes and sizes. The
loading zone 12 loads the reaction vessels 20 into the slots 42 of the outer processing
lanes 28 and 30 and the pre-treatment lane 32 when the slots 42 are located at location
50 as the linear track 24 incrementally rotates around the pulleys 34 and 36 of Figure
3. Preferably, location 50 is located at the center of the curved portion of the track 24
as it curves around pulley 34. There is a delay of twenty-four seconds each time the
track 24 rotates into a new location to allow the loading zone 12 of Figure 2 to have
time to load the reaction vessels 20 into the slots of the outer processing lanes 28 and
30 and the pre-treatment lane 32. In other embodiments, the loading zone 12 may
load the reaction vessels 20 into the slots 42 of the outer processing lanes 28 and 30
and the pre-treatment lane 32 when the slots 42 are located at varying locations as the
linear track 24 rotates around the pulleys 34 and 36. In additional embodiments the
incremental delay at each of the locations, as the track 24 rotates into new positions,

referenced throughout this disclosure may further vary in duration.
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[0019] Figure 5 illustrates a cross-section view of a portion of the linear track 24 of
Figure 4 with the reaction vessels 20 held in place within the slots 42 of the linear
track 24. The slots 42 are sized so that the reaction vessels 20 may be inserted
through the slots 42 so that a bottom portion 20a of the reaction vessels 20 extends out
of and below the slots 42 and a top portion 20b of the reaction vessels 20 extends out
of and above the slots 42.

[0020] Viewing Figure 4, the pre-treatment lane 32 is used when a pre-treatment of
samples with reagents is needed prior to primary processing (i.e. diagnostically
testing) to allow the combination to undergo an additional incubation time other than
the incubation time provided by the processing lanes 28 and 30. When pretreatment
is required in this process, the at least one sample pipettor 44 pipettes samples 22
from the sample storage zone 14 of Figure 2 into the reaction vessels 20 of Figure 1
held in the slots 42 of the pre-treatment lane 32 at location 54 at the beginning of a
twenty-four second cycle. Preferably, location 54 comprises the first spot where the
track 24 levels off into a substantially horizontal position after curving around the
pulley 34. In other embodiments, any number, type, or arrangement of sample
pipetting devices may be used to pipette the samples 22 into the reaction vessels 20
held in the slots 42 of the pre-treatment lane 32 at any location.

[0021] Subsequently, the at least one reagent pipettor 46 pipettes reagents 52 from the
reagent storage zone 16 of Figure 2 into the samples 22 disposed in the reaction
vessels 20 held in the slots 42 of the pre-treatment lane 32 when each of the slots 42
of the pre-treatment lane 32 increments, after the twenty-four second delay, to the

next spot at location 56 as the linear track 24 continues to rotate around the pulleys 34
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and 36 of Figure 3 from location 54. In one embodiment, the reagents 52 dispensed at
location 56 may comprise microparticles that are coated with antigen and diluent. In
one embodiment, the at least one reagent pipettor 46 may comprise a plurality of
reagent pipettors which are each dedicated to only one lane of the processing lanes 28
and 30 and the one or more pre-treatment lanes 32. In other embodiments, any
number, type, or arrangement of reagent pipetting devices may be used to pipette the
reagents 52 into the reaction vessels 20 held in the slots 42 of the processing lanes 28
and 30 at any location.

[0022] Next, in the embodiment of Figure 4, the pre-treatment lane 32 continues to
incrementally move, with the twenty-four second delay at each incremental location,
to as many of the locations 58-146 as needed for the total amount of incubation time
required for the particular pretreatment of the pre-treated samples 22 (which were
combined with the reagents 52). After the reaction vessels 20 held in the slots 42 of
the pre-treatment lane 32 incubate for the desired amount of incubation time
(anywhere between location 58 to location 146 incrementing by 2 i.e. location 58,
location 60, location 62... location 146) required for the particular pre-treatment, the
pre-treated samples 22 (which were combined with the reagents 52) will have
incubated for anywhere from twenty-four seconds (1 twenty-four second delay cycle)
to eighteen minutes (45 twenty-four second delay cycles) due to the twenty-four
second delay cycles at each location. In one embodiment, during this period the
antigen on the microparticles of the reagents 52 binds with the antibody in the
samples 22. In other embodiments, the number of incubation locations and delays

may vary. When the pre-treated samples 22 (which were combined with the reagents

10
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52) have incubated for the appropriate additional amount of time in the pre-treatment
lane 32 for the diagnostic test to be run, the pre-treated sample 22 is transferred to the
primary processing lanes 28 and 30. In one embodiment, the at least one sample
pipettor 44 transfers the pre-treated samples 22 from the reaction vessels 20 held in
the slots 42 of the pre-treatment lane 32 at any of locations 58-146 (anywhere
between location 58 to location 146 incrementing by 2 i.e. location 58, location 60,
location 62... location 146) to one or more of the reaction vessels 20 held in the slots
42 of the processing lanes 28 and 30 at location 54. In other embodiments, any
number, type, or arrangement of pipetting devices may be used to transfer the pre-
treated samples 22 from the reaction vessels 20 held in the slots 42 of the pre-
treatment lane 32 at any location to one or more reaction vessels 20 held in the slots
42 of the processing lanes 28 and 30 at any location. In another embodiment, the
reaction vessel 20 in the pre-treatment lane 32 may be transferred to one of the
primary processing lanes 28 and 30.

[0023] While the incubation of the pre-treated samples 22 is being done in the pre-
treatment lane 32, the processing lanes 28 and 30 simultaneously process (i.e.
diagnostically test) samples 22 (which may or may not have been pre-treated in the
pre-treatment lane 32) in the processing lanes 28 and 30. In such manner, use of the
pre-treatment lane 32 significantly increases the throughput of the diagnostic analyzer
system 10 while reducing the space needed for running pre-treatments on the samples
22 due to the pre-treatment lane 32 being disposed on the same track 24 but
substantially separate from the processing lanes 28 and 30 such that at least a portion

of the pretreatment lane 32 is not cooextensive with the primary processing lanes 28
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and 30. In the embodiment of Figure 4, parallel, closely located pretreatment and
processing lanes provide increased throughput.

[0024] It is noted that, in one preferred embodiment, no processing (i.e. diagnostic
testing) of the samples 22 takes place in the pre-treatment lane 32. No diagnostic
modules are connected to the pre-treatment lane 32 for testing the samples 22 in the
pre-treatment lane 32. The samples 22 in the pre-treatment lane 32 only have
reagents 52 added to them and then incubate prior to being transferred to the
processing lanes 28 and 30 without anything further being done to the samples 22 in
the pre-treatment lane 32 (i.e. no treatments, processes, or diagnostic testing).

[0025] When a pre-treatment of samples 22 with reagents 52 is not needed prior to
processing (i.e. the incubation time provided by the processing lanes 28 and 30 is
sufficient for diagnostically testing the samples 22 in the processing lanes 28 and 30
without needing the additional incubation time provided by the pre-treatment lane 32),
the at least one sample pipettor 44 pipettes the samples 22 from the sample storage
zone 14 of Figure 2 into the reaction vessels 20 held in the slots 42 of the processing
lanes 28 and 30 when each of the slots 42 of the processing lanes 28 and 30
increments, after the twenty-four second delay, to location 54 as the linear track 24
incrementally rotates around the pulleys 34 and 36 of Figure 3 from location 50. In
other embodiments, any number, type, or arrangement of sample pipetting devices
may be used to pipette the samples 22 into the reaction vessels 20 held in the slots 42
of the processing lanes 28 and 30 at any location. Moreover, the time delay may vary.
[0026] Subsequently, the at least one reagent pipettor 46 pipettes the reagents 52 from

the reagent storage zone 16 of Figure 2 into the samples 22 disposed in the reaction

12



WO 2014/144759 PCT/US2014/029301

vessels 20 held in the slots 42 of the processing lanes 28 and 30 when each of the slots
42 of the processing lanes 28 and 30 increments, after the twenty-four second delay,
to location 56 as the linear track 24 continues to rotate around the pulleys 34 and 36
of Figure 3 from location 54. In other embodiments, any number, type, arrangement,
or assignment of pipetting devices may be used to pipette the reagents 52 into the
samples 22 disposed in the reaction vessels 20 held in the slots 42 of the processing
lanes 28 and 30 at any location.

[0027] Next, the primary processing lanes 28 and 30 continue to incrementally move,
after the twenty-four second delay, to location 57. At location 57, the samples 22 and
reagents 52 contained within the reaction vessels 20 held in the slots 42 of the
processing lanes 28 and 30 are mixed together with mixing module 148. It is noted
that the mixing module 148 in Figure 4 is not connected to the pre-treatment lane 32.
Next, the mixed samples 22 and reagents 52 within the reaction vessels 20 held in the
slots 42 of the processing lanes 28 and 30 are moved incrementally, with the twenty-
four second delay at each location, from location 57 to location 146 (i.e. 57, 58, 60,
62, 64....146) stopping at every location between location 57 and location 146 during
which the mixture incubates. In one embodiment, during this period, antigen on the
microparticles of the reagents 52 binds with the antibody in the samples 22. In other
embodiments, the types of reactions, the number of incubation locations and delays
may vary.

[0028] Subsequently, the incubated mixed samples 22 and reagents 52 within the
reaction vessels 20 held in the slots 42 of the processing lanes 28 and 38 are moved

incrementally, with the twenty-four second delay at each location, from location 146
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to locations 150, 152, and 154. At locations 150, 152, and 154, the incubated mixed
samples 22 and reagents 52 within the reaction vessels 20 held in the slots 42 of the
processing lanes 28 and 30 are washed with washing module 156. During the
washing, unbound materials of the reagents 52 are washed away from the samples 22.
The washing module 156 comprises at least one actuated magnet and at least one
washing pipette which allows the washing module 156 to selectively actuate the
magnet and use the at least one washing pipette to wash only the selected incubated
samples 22 and reagents 52 within the reaction vessels 20 held in the slots 42 of the
processing lanes 28 and 30. In such manner, the non-selected incubated samples 22
and reagents 52 within the reaction vessels 20 can pass by without washing. It is
noted that, in the embodiment of Figure 4, the washing module 156 is not connected
to the pre-treatment lane 32.

[0029] Next, the washed samples 22 in the reaction vessels 20 held in the slots 42 of
the processing lanes 28 and 30 are moved incrementally, with the twenty-four second
delay at each location, from location 154 to location 155 and then to location 156. At
location 156, a conjugate dispensing module 158 dispenses conjugate into the samples
22 in the reaction vessels 20 held in the slots 42 of the processing lanes 28 and 30. It
is noted that, in the embodiment of Figure 4, the conjugate dispensing module 158 is
not connected to the pre-treatment lane 32. The samples 22 with the dispensed
conjugate held in the reaction vessels 20 held in the slots 42 of the processing lanes 28
and 30 are then moved incrementally, after the twenty-four second delay, to location
160. At location 160 another mixing module 162 mixes the samples 22 with the

dispensed conjugate in the reaction vessels 20 held in the slots 42 of the processing
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lanes 28 and 30. It is noted that the mixing module 162 is not connected to the pre-
treatment lane 32.

[0030] After another twenty-four second delay, the mixed samples 22 with the
dispensed conjugate in the reaction vessels 20 held in the slots 42 of the processing
lanes 28 and 30 incrementally move, after the twenty-four second delay at each
location, to each of locations 164 — 184 (stopping at every location between location
164 and location 184 i.c. 164, 166, 168, .... 184) during which time-period the mixed
samples 22 with the dispensed conjugate in the reaction vessels 20 held in the slots 42
of the processing lanes 28 and 30 incubate. When the reaction vessels 20 held in the
slots 42 of the processing lanes 28 and 30 reach location 184 and undergo the twenty-
four second delay at that location, the mixed samples 22 with the dispensed conjugate
in the reaction vessels 20 held in the slots 42 of the processing lanes 28 and 30 will
have incubated for four minutes due to the forty-five twenty-four second incremental
delays. During this incubation period, the conjugate binds with any immune complex
bound to the microparticles. In other embodiments, the number of incubation
locations and delays may vary.

[0031] Next, the incubated samples 22 in the reaction vessels 20 held in the slots 42
of the processing lanes 28 and 30 incrementally move, after the twenty-four second
delay at each location, to each of locations 186, 188, and 190. Another washing
module 192 at locations 186, 188, and 190 washes away unbound conjugate from the
incubated samples 22.

[0032] Subsequently, the washed samples 22 in the reaction vessels 20 held in the

slots 42 of the processing lanes 28 and 30 incrementally move through location 192 to
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location 194 undergoing the twenty-four second delay at each location. At location
194, a pre-trigger dispensing and mixing module 196 dispenses pre-trigger solution
into the washed samples 22 in the reaction vessels 20 held in the slots 42 of the
processing lanes 28 and 30 and then mixes the combination. It is noted that the pre-
trigger dispensing and mixing module 196 is not connected to the pre-treatment lane
32, in the embodiment of Figure 4.

[0033] Next, the mixed samples 22 containing the pre-trigger solution in the reaction
vessels 20 held in the slots 42 of the processing lanes 28 and 30 incrementally move
through locations 196 and 198 to location 200 undergoing the twenty-four second
delay at each location. At location 200, a trigger dispensing and reading module 202,
which in part comprises a diagnostic module, dispenses a trigger solution into the
samples 22 mixed with the pre-trigger solution in the reaction vessels 20 held in the
slots 42 of the processing lanes 28 and 30 and then takes a reading. The diagnostic
module is preferably an optic diagnostic testing module which takes an optical
reading to determine a measurement, a property, a trait, or condition of the samples 22
based on the optical reading. In other embodiments, varying diagnostic modules,
other than optical diagnostic testing modules, may be utilized to determine a
measurement, a property, a trait, or a condition of the samples 22. It is noted that the
trigger dispensing and reading 202 is not connected to the pre-treatment lane 32.
[0034] Then, the read samples 22 in the reaction vessels 20 held in the slots 42 of the
processing lanes 28 and 30 incrementally move through locations 202-214 to location
216 undergoing the twenty-four second delay at each location. At location 216, a

liquid waste aspiration module 218 aspirates liquid waste, comprising the read
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samples 22, from the reaction vessels 20 held in the slots 42 of the processing lanes
28 and 30. At location 216, the liquid waste aspiration module 218 further aspirates
liquid waste, to the extent there is any if a pre-treatment was run, from the reaction
vessels 20 held in the slots 42 of the pre-treatment lane 32.

[0035] The empty reaction vessels 20 held in the slots 42 of the processing lanes 28
and 30 and held in the slots 42 of the pre-treatment lane 32 then incrementally move
through locations 219-221 to location 222 undergoing the twenty-four second delay at
cach location. At location 222, which is curved downward, the empty reaction vessels
20 fall out of the slots 42 of the processing lanes 28 and 30 and out of the slots 42 of
the pre-treatment lane 32 into a reaction vessel disposal module 224 which disposes
of the empty reaction vessels 20.

[0036] In other embodiments, the diagnostic analyzer system 10 may vary. For
instance, one or more linear tracks 24 may comprise one or more varying pre-
treatment lanes 32, one or more varying processing lanes 30 and 32, one or more
varying slots 42, or one or more varying modules 48 having different functions.
Moreover, the delay duration may vary as the one or more linear tracks 24 increment.
[0037] Figure 6 is a flowchart illustrating one embodiment of a method 300 of testing
samples using a diagnostic analyzer. The method may utilize any of the embodiments
of the diagnostic analyzer disclosed herein and may be controlled by one or more
processors. In other embodiments, the method may utilize varying embodiments of
the diagnostic analyzer. In step 302, samples may be pipetted into reaction vessels
held in slots of a pre-treatment lane of a linear track and into reaction vessels held in

slots of at least one parallel processing lane of the linear track using at least one

17



WO 2014/144759 PCT/US2014/029301

sample pipettor. The pre-treatment lane may be disposed between and parallel to two
parallel processing lanes. In step 304, the linear track may be moved in order to move
the reaction vessels, containing the samples, held by the slots of the pre-treatment lane
and by the slots of the at least one parallel processing lane. The pre-treatment lane
and the at least one parallel processing lane may be moved in the same increments as
the linear track moves.

[0038] In step 306, the samples in the reaction vessels of the pre-treatment lane may
be pre-treated without diagnostically testing them. Step 306 may further comprise
adding reagents to the samples held in the slots of the reaction vessels of the pre-
treatment lane with at least one reagent pipettor when the linear track is disposed in
one position. The at least one reagent pipettor may be dedicated to the pre-treatment
lane. Step 306 may further comprise subsequently moving the linear track into
advanced positions thereby incubating the samples, with the added reagents, in the
reaction vessels held in the slots of the pre-treatment lane as the linear track moves.
Step 306 may further comprise one or more additional reagent pipettors dedicated to
the at least one parallel processing lane pipetting reagents into the samples held in the
slots of the reaction vessels of the at least one parallel processing lane while the pre-
treatment is occurring in the pre-treatment lane.

[0039] In step 308, the pre-treated samples may be pipetted from the reaction vessels
in the slots of the pre-treatment lane to the reaction vessels in the slots of the at least
one parallel processing lane. In step 310, a plurality of modules connected to the at
least one parallel processing lane, but not connected to the pre-treatment lane, may be

used for one or more functions on the samples in the reaction vessels held in the slots
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of the at least one parallel processing lane. The plurality of modules may not be used
on the samples in the reaction vessels held in the slots of the pre-treatment lane. The
plurality of modules may comprise a washing module, a conjugate dispensing
module, a mixing module, a pre-trigger dispensing and mixing module, and a trigger
dispensing module. In other embodiments, the plurality of modules may vary. Step
310 may further comprise washing some of the reaction vessels held by the slots of
the at least one parallel processing lane by actuating at least one magnet and by using
at least one washing pipette of the washing module. Step 310 may further comprise
selectively not-washing other of the reaction vessels held by the slots of the at least
one parallel processing lane by not actuating the at least one magnet and by not using
the at least one washing pipette of the washing module.

[0040] In step 312, the pipetted pre-treated samples in the reaction vessels held in the
slots of the at least one parallel processing lane may be diagnostically tested. Step
312 may further comprise testing the pipetted pre-treated samples in the reaction
vessels held in the slots of the at least one parallel processing lane with an optical
diagnostic module. In other embodiments, varying diagnostic modules may be used.
In step 314, liquid waste may be aspirated from both the reaction vessels held in the
slots of the pre-treatment lane and from the reaction vessels held in the slots of the at
least one parallel processing lane using a liquid waste aspiration device. In step 316,
the reaction vessels held in the slots of the pre-treatment lane and the reaction vessels
held in the slots of the at least one parallel processing lane may be disposed of using a

reaction vessel disposal device. In other embodiments, one or more steps of the
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method may be not-followed, may be modified in substance or chronology, or one or
more additional steps may be added.

[0041] One or more embodiments of the disclosure may reduce one or more issues of
one or more of the existing diagnostic analyzers. For instance, the linear path of the
track creates a reliable and durable process path with a distinct beginning and end.
This linear path allows for a better fit of the rectangular reaction vessels to prevent
them from being scraped or caught on edges of the track. Two parallel processing
lanes on each belt allows for increased throughput from parallel processing. The pre-
treatment lane allows the throughput to be maintained with as much as half the tests
needing one pre-treatment cycle. The assembly is conductive to minimize problems
with static electricity. The pre-treatment lanes are connected to dedicated sample
pipettors for transferring the pre-treated samples to the parallel processing lanes
thereby avoiding interference with the parallel processing lane pipettors and further
increasing through-put. The parallel processing lanes are connected to various
modules for doing a variety of functions on the blood samples disposed within the
reaction vessels carried by the parallel processing lanes. The various modules are not
connected to the pre-treatment lane which avoids interference with the pre-treatment
while allowing simultaneous diagnostic processing. The use of a washing zone
actuated magnet with independently indexing washing pipettes allows samples to go
directly through the wash zone, instead of having to go on a separate bypass path,
without being washed. Common waste modules are utilized for both of the
processing lanes and the pre-treatment lane in order to efficiently dispose of liquid

waste and used reaction vessels. All of these improvements work to increase through-
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put and reduce space and cost of the diagnostic analyzer system.

[0042] The Abstract is provided to allow the reader to quickly ascertain the nature of
the technical disclosure. It is submitted with the understanding that it will not be used
to interpret or limit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that various features are grouped together in
various embodiments for the purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated
into the Detailed Description, with each claim standing on its own as a separately
claimed subject matter.

[0043] While particular aspects of the present subject matter described herein have
been shown and described, it will be apparent to those skilled in the art that, based
upon the teachings herein, changes and modifications may be made without departing
from the subject matter described herein and its broader aspects and, therefore, the
appended claims are to encompass within their scope all such changes and
modifications as are within the true spirit and scope of the subject matter described
herein. Furthermore, it is to be understood that the disclosure is defined by the
appended claims. Accordingly, the disclosure is not to be restricted except in light of

the appended claims and their equivalents.
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CLAIMS
1. A diagnostic analyzer system comprising:

a primary process lane comprising a plurality of movable reaction vessels for
carrying out diagnostic testing on the samples in the plurality of movable reaction
vessels, a mixer for agitating the samples in the plurality of movable reaction vessels,
and a diagnostic reaction optical detection unit in light communication one of the
samples in one of the plurality of moveable reaction vessels;

a pretreatment process lane comprising a second plurality of movable reaction
vessels operable to incubate, within the second plurality of movable reaction vessels,
samples containing reagent to form pretreated samples, at least a portion of the
pretreatment lane not being coextensive with the primary process lane; and

a transferring device for transferring the pretreated samples from the
pretreatment process lane to the primary process lane.

2. The diagnostic analyzer of claim 1 wherein the primary process lane and the
pretreatment process lane are linear.

3. The diagnostic analyzer of claim 1 wherein the primary process lane is defined
by a translatable track having a plurality of openings operable to hold the plurality of
movable reaction vessels.

4. The diagnostic analyzer of claim 2 wherein the pretreatment process lane is
defined by a translatable track having a plurality of openings operable to hold the
second plurality of movable reaction vessels.

5. The diagnostic analyzer of claim 1 wherein the primary process lane and the

pretreatment process lane are defined by a translatable track having a plurality of
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openings operable to hold the plurality of movable reaction vessels and the second
plurality of moveable reaction vessels.

6. The diagnostic analyzer of claim 1 wherein the transferring device comprises a
pipetting device.

7. A diagnostic analyzer system comprising:

a linear track comprising a pre-treatment lane disposed parallel to at least one
processing lane, the linear track for moving reaction vessels, containing samples, held
by the pre-treatment lane and by the at least one processing lane;

the pre-treatment lane for pre-treating the samples in the reaction vessels in the
pre-treatment lane, the pre-treatment lane not being connected to any diagnostic
module for testing the samples in the reaction vessels in the pre-treatment lane;

at least one pipetting device for transferring the pre-treated samples from the
reaction vessels in the pre-treatment lane to the reaction vessels in the at least one
processing lane; and

at least one diagnostic module connected to the at least one processing lane for
testing the pre-treated samples transferred into the reaction vessels in the at least one
processing lane.

8. The diagnostic analyzer system of claim 1 wherein there are two processing
lanes and the pre-treatment lane is disposed between and parallel to the two
processing lanes.

9. The diagnostic analyzer system of claim 1 wherein each of the pre-treatment

lane and the at least one processing lane comprise a plurality of slots in the linear
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track for holding the reaction vessels within the plurality of slots with each slot sized
to hold one of the reaction vessels.

10. The diagnostic analyzer system of claim 1 wherein the at least one pipetting
device comprises at least one sample pipettor for pipetting the samples into the
reaction vessels of the pre-treatment lane and into the reaction vessels of the at least
one processing lane.

11. The diagnostic analyzer system of claim 10 further comprising at least one
reagent pipettor for pipetting reagents into the reaction vessels of the pre-treatment
lane and into the reaction vessels of the at least one processing lane.

12. The diagnostic analyzer system of claim 11 comprising a plurality of reagent
pipettors each dedicated to only one lane of the at least one processing lane and the
pre-treatment lane.

13. The diagnostic analyzer system of claim 1 further comprising at least one
washing module, comprising at least one actuated magnet and at least one washing
pipette, connected to the at least one processing lane for washing the reaction vessels
of the at least one processing lane, wherein the at least one washing module is not
connected to the pretreatment lane.

14. The diagnostic analyzer system of claim 1 wherein the at least one diagnostic
module comprises a trigger dispensing and reading module, and further comprising a
washing module, a conjugate dispensing module, a mixing module, and a pre-trigger
dispensing and mixing module, all being connected to the at least one processing lane
to operate upon the samples disposed in the reaction vessels of the at least one

processing lane.
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15. The diagnostic analyzer system of claim 14 wherein none of the washing
module, the conjugate dispensing module, the mixing module, the pre-trigger
dispensing and mixing module, and the trigger dispensing and reading module are
connected to the pretreatment lane to operate upon the samples disposed in the
reaction vessels of the pretreatment lane.

16. The diagnostic analyzer system of claim 1 wherein the at least one diagnostic
module comprises an optical diagnostic module.

17. The diagnostic analyzer system of claim 1 comprising two of the linear tracks.
18. The diagnostic analyzer system of claim 1 further comprising a liquid waste
aspiration module connected to the pre-treatment lane and the at least one processing
lane for aspirating liquid waste from both the reaction vessels of the pre-treatment
lane and the reaction vessels of the at least one processing lane, and a reaction vessel
disposal module connected to the pre-treatment lane and the at least one processing
lane for disposing of the reaction vessels of both the pre-treatment lane and the
reaction vessels of the at least one processing lane.

19.  An diagnostic analyzer system comprising:

a linear track comprising processing lanes and a pre-treatment lane parallel to
the processing lanes, the linear track for moving reaction vessels, containing samples,
held by the processing lanes and the pre-treatment lane;

sample pipetting devices for pipetting the samples into the reaction vessels of

each of the respective processing lanes and the pre-treatment lane;
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reagent pipetting devices each dedicated to a different one of the respective
processing lanes and the pre-treatment lane for pipetting reagents into the reaction
vessels of each of the respective processing lanes and the pre-treatment lane;

the pre-treatment lane for incubating the samples containing the pipetted
reagents in the reaction vessels in the pre-treatment lane, the pre-treatment lane not
being connected to any diagnostic module for testing the incubated samples
containing the pipetted reagents in the reaction vessels in the pre-treatment lane;

wherein one of the sample pipetting devices is also for transferring the
incubated samples containing the pipetted reagents from the reaction vessels in the
pre-treatment lane to the reaction vessels in the processing lanes; and

at least one diagnostic module connected to the processing lanes for testing the
incubated samples containing the pipetted reagents transferred into the reaction
vessels in the processing lanes.
20. The diagnostic analyzer system of claim 19 wherein the pre-treatment lane is
disposed between processing lanes.
21. The diagnostic analyzer system of claim 19 wherein each of the pre-treatment
lane and the processing lanes comprise a plurality of slots in the linear track for
holding the reaction vessels within the plurality of slots with each slot sized to hold
one of the reaction vessels.
22. The diagnostic analyzer system of claim 19 further comprising at least one
washing module, comprising at least one actuated magnet and at least one washing

pipette, connected to the processing lanes for washing the reaction vessels of the
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processing lanes, wherein the at least one washing module is not connected to the
pretreatment lane.

23. The diagnostic analyzer system of claim 19 wherein the at least one diagnostic
module comprises a trigger dispensing and reading module, and further comprising a
washing module, a conjugate dispensing module, a mixing module, and a pre-trigger
dispensing and mixing module, all being connected to the processing lanes to operate
upon the samples disposed in the reaction vessels of the processing lanes.

24, The diagnostic analyzer system of claim 23 wherein none of the washing
module, the conjugate dispensing module, the mixing module, the pre-trigger
dispensing and mixing module, and the trigger dispensing and reading module are
connected to the pretreatment lane to operate upon the samples disposed in the
reaction vessels of the pretreatment lane.

25. The diagnostic analyzer system of claim 19 wherein the at least one diagnostic
module comprises an optical diagnostic module.

26. The diagnostic analyzer system of claim 19 comprising two of the linear
tracks.

27. The diagnostic analyzer system of claim 19 further comprising a liquid waste
aspiration module connected to the pre-treatment lane and the processing lanes for
aspirating liquid waste from both the reaction vessels of the pre-treatment lane and the
reaction vessels of the processing lanes, and a reaction vessel disposal module for
disposing of the reaction vessels of both the pre-treatment lane and the reaction
vessels of the processing lanes.

28. A method of testing using a diagnostic analyzer comprising:
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moving a linear track, comprising a pre-treatment lane and at least one parallel
processing lane, thereby moving reaction vessels containing samples held by the pre-
treatment lane and by the at least one parallel processing lane;

pre-treating the samples in the reaction vessels of the pre-treatment lane
without diagnostically testing them;

pipetting the pre-treated samples from the reaction vessels in the pre-treatment
lane to the reaction vessels in the at least one parallel processing lane; and

diagnostically testing the pipetted pre-treated samples in the reaction vessels
of the at least one parallel processing lane.
29. The method of claim 28 wherein the moving the linear track further comprises
incrementing the pre-treatment lane and the at least one parallel processing lane in the
same increments as the linear track moves.
30. The method of claim 28 wherein the pre-treating the samples in the reaction
vessels of the pre-treatment lane further comprises adding reagents to the samples
held in the reaction vessels of the pre-treatment lane when the linear track is disposed
in one location, and subsequently moving the linear track into advanced locations
thereby incubating the samples with the added reagents in the reaction vessels of the
pre-treatment lane as the linear track moves.
31.  The method of claim 28 wherein the pre-treatment lane is disposed between
and parallel to two processing lanes.
32. The method of claim 28 wherein each of the pre-treatment lane and the at least
one parallel processing lane comprise a plurality of slots in the linear track, and

further comprising holding the reaction vessels within the plurality of slots.
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33. The method of claim 28 further comprising pipetting the samples into the
reaction vessels of the pre-treatment lane and into the reaction vessels of the at least
one parallel processing lane using at least one sample pipettor.

34. The method of claim 28 further comprising pipetting reagents into the reaction
vessels of the pre-treatment lane and into the reaction vessels of the at least one
parallel processing lane using at least one reagent pipettor.

35. The method of claim 28 wherein the pre-treating the samples in the reaction
vessels of the pre-treatment lane further comprises pipetting reagents into the reaction
vessels of the pre-treatment lane using a reagent pipettor dedicated to the pre-
treatment lane.

36. The method of claim 28 further comprising pipetting reagents into the reaction
vessels of the at least one parallel processing lane using at least one reagent pipettor
dedicated to the at least one parallel processing lane.

37. The method of claim 28 further comprising washing some of the reaction
vessels of the at least one parallel processing lane by actuating at least one magnet
and by using at least one washing pipette, and further comprising selectively not-
washing other of the reaction vessels of the at least one parallel processing lane by not
actuating the at least one magnet and by not using the at least one washing pipette.

38. The method of claim 28 further comprising using each of a washing module, a
conjugate dispensing module, a mixing module, a pre-trigger dispensing and mixing
module, and a trigger dispensing and reading module on the samples disposed in the

reaction vessels of the at least one parallel processing lane.
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39.  The method of claim 38 further comprising not using any of the washing
module, the conjugate dispensing module, the mixing module, the pre-trigger
dispensing and mixing module, and the trigger dispensing and reading module on the
samples disposed in the reaction vessels of the pretreatment lane.

40. The method of claim 28 wherein the diagnostically testing the pipetted pre-
treated samples in the reaction vessels of the at least one parallel processing lane
further comprises testing the pipetted pre-treated samples in the reaction vessels of the
at least one parallel processing lane with an optical diagnostic module.

41. The method of claim 28 further comprising aspirating liquid waste from both
the reaction vessels of the pre-treatment lane and the reaction vessels of the at least
one parallel processing lane using a liquid waste aspiration device, and disposing of
the reaction vessels of both the pre-treatment lane and the reaction vessels of the at

least one parallel processing lane using a reaction vessel disposal device.
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N
PIPETTING SAMPLES INTO REACTION VESSELS HELD INSLOTS OF A
PRE-TREATMENT LANE OF A LINEAR TRACK AND INTO REACTION VESSELS HELD
INSLOTS OF AT LEAST ONE PARALLEL PROCESSING LANE OF THE LINEAR TRACK
USING AT LEAST ONE SAMPLE PIPETTOR

v

MOVING THE LINEAR TRACK IN ORDER TO MOVE THE REACTION VESSELS,
CONTAINING THE SAMPLES, HELD BY THE SLOTS OF THE PRE-TREATMENT
LANE AND BY THE SLOTS OF THE AT LEAST ONE PARALLEL PROCESSING LANE

¥

PRE-TREATING THE SAMPLES IN THE REACTION VESSELS OF THE
FRE-TREATMENT LANE WITHOUT DIAGNOSTICALLY TESTING THEM

¥

PIPETTING THE PRE-TREATED SAMPLES FROM THE REACTION VESSELS IN THE
SLOTS OF THE PRE-TREATMENT LANE TO THE REACTION VESSELS IN THE
SLOTS OF THE AT LEAST ONE PARALLEL PROCESSING LANE

v

USING A PLURALITY OF MODULES CONNECTED TO THE AT LEAST ONE PARALLEL
PROCESSING LANE, BUT NOT CONNECTED TO THE PRE-TREATMENT LANE, FOR
ONE OR MORE FUNCTIONS ON THE SAMPLES IN THE REACTION VESSELS HELD IN
THE SLOTS OF THE AT LEAST ONE PARALLEL PROCESSING LANE

v

DIAGNOSTICALLY TESTING THE PIPETTED PRE-TREATED SAMPLES INTHE
REACTION VESSELS HELD IN THE SLOTS OF THE AT LEAST ONE PARALLEL
FROCESSING LANE

v

USING A LIQUID WASTE ASPIRATION DEVICE TO ASPIRATE LIQUID WASTE FROM
BOTH THE REACTION VESSELS HELD IN THE SLOTS OF THE PRE-TREATMENT
LANE AND FROM THE REACTION VESSELS HELD IN THE SLOTS OF THE AT
LEAST ONE PARALLEL PROCESSING LANE

'

USING A REACTION VESSEL DISPOSAL DEVICE TO DISPOSE OF THE REACTION
VESSELS HELD IN THE SLOTS OF THE PRE-TREATMENT LANE AND THE
REACTION VESSELS HELD IN THE SLOTS OF THE AT LEAST ONE PARALLEL
PROCESSING LANE
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