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Cartridge for Preparing a Sample Fluid Containing Cells for Analysis

PRIORITY

{6801} This application is based on and claims priovity to U.S, Provisional Application No.
61/829,747, filed on May 31, 2013, which is incorporated herein by reference in its entirety.
TECHNICAL FIELD

[8602] The disclosure relates to the field of performing automatic analysis of flyids. More
specifically, i relates to a cartridge for preparing a sample fluid containing cells for analysis.
BACKGROUND

{6803]  Point-of-care testing (POCT) is defined as medical testing at or near the site of
patient care, for example at the doctor’s office. Point of Care Testing systems enable quick
performance of tests, for example blood tests, eliminating a need for sending samples to
faboratory. Quick obtaining of test resulls allows immediate clinical management decisions
to be made,

[6084] It is desirable that such POCT systems be simple to use and require minimal
maintenance. To that end, some systems use fully seif-contained disposable cartridges or
strips. In fully-aviomated systems, no preliminary sample preparation is required and the
cartridges eliminate the risk of contamination,

SUMMARY

[6605]  In some embodiments, a cartridge configured for use in a blood analyzer is
provided. The cartridge may include a substantially rigid frame, a flow path within the rigid
fraroe, at least one opening in the substantially rigid frame configured to align and stabilize a
capillary tube, and a seal within the flow path. The seal may be configured to temporarily
obstruct flow through at least a portion of the flow path. Further the seal may be configured
to open in response to a force exerted via a capillary tube inserted into the at least one
opening.

{00061 A force exerted via the capillary tube may fnclude an axial force exerted on the
capillary tube, The cartridge may further include at least one capillary tube configured to
obiain a blood sample from a patient through an orifice therein and to distribute the blood
sample in the flow path within the rigid frame through the orifice. The seal may include a
plug configured to allow for passage of air but blockage of fluid {e.g., a hydrophobic plug)
contained in the capillary tube. The cartridge may be configured to retain the capillary tube in

the at least one opening during blood analysis in a blood analyzer, When the capillary tube is
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in the at least one opening, a biood sample in the capillary fube may be sealed from contact
with an ouiside environment, The at least one opening may include two openings in the
substantially rigid frame. The cartridge may further include s flexible reservolr, and the flow
path extends between the gt least one opening snd the flexible reservoir. The cartridge may be
configured to cooperate with a blood analvzer such that after a capillary tube with a blood
sample therein is placed into the at least one opening, and the blood analyzer may be
configured o automatically inject the blood sample from the capiliary tube into the flow path
upon placerment of the cartridge into the blood analyzer.

188871 In some embodiments, a cartridge configured for use in a blood analyeer is
provided. The cariridge may include a first blood sample infet, 8 first reservoir containing at
feast one high molecular weight polymer, a buffer, and a sphering agent, a first channel
connecting the first blood sample inlet and the first reservoir, a second reservolr, a second
channel connecting the first reservoir fo the second reservoir, a micro-channel flow connected
to the second reservolr, a second blood sample inlet; a thivd reservoir containing a first stain,
g third channel connecting the second blood sample inlet to the third reservoir, a fourth
reservolr, a fourth channel connecting the third reservoir to the fourth reservoir; g fifth
raservolr containing a second stain, a fifth chansel connecting the fourth reservoir to the fifth
reservoir, wherein the fifth reservoir is flow connected to the micro-channel, a viewing area
associated with the micro~channel, the viewing area being configured to lie in an optical path
of any imager when the cartridge is received by a blood analyzer, and a hemoglobin inspection
area flow connected to the second reservoir, wherein the hemoglobin inspection area is
configured {o lie jn an optical path of 8 light source when the cartridge is received by the
biood analyzer.

18088]  The first stain may be an acidic stain and the second stain may be an alkaline stain.
At lsasi coe of the fivst reservoir, second reservolr, third reservolr, fourth reservolr, and fifth
reservoir may include a reagent including at least one high molecular weight polymer, The
first blood sample inlet and the second blood sample inlet may be configured to mate with
respective first and second capillary tubes, The cartridge may further include a first seal
located in the first channel and a second seal located in the third channel.

{60891  According to other aspects of the disclosed emsbodiments, a cartridge may be
configured for use in a blood analyzer, the cartridge may comprise a substantially rigid
portion; a flexible sheet fixed to the rigid portion, whercin the flexible sheet includes a cap

disposed over a depression formed in the rigid portion to form a first reservoin a sample fluid

o
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inlet formed in the rigid portion; and at least one flow path formed in the rigid portion and
configured to establish fluld communication between the sample fluid inlet and the first
YESeIVOIr,

[0018] The cartridge may include a seal disposed in the at least one flow path, wherein the
seal is configured to temporarily obstruct flow through at least a portion of the at least one
flow path, and wherein the seal is configured to open in response to a force exerted via a
capillary tube inserted into the sample fluid inlet. The seal may include a flap portion
suspended by a first suspension portion of a first thickness and a second suspension portion
of a second thickness, wherein the second thickness is greater than the first thickness, and
wherein the first suspension portion is configured such that the force exerted via the capillary
causes the first suspension portion to tear leaving the flap portion suspended primarily by the
second suspension portion, The seal may include a flap portion configured to reside within
the at least one flow path at substantially a 90 degree angle or at an angle other than 90
degrees relative (o a longitndinal axis of the at least one flow path, The cartridge may further
including at least one filling hole associated with the depression, the at least one filling hole
contigured provide fluid to the first reservoir, The flexible sheet of the cariridge may include
a second cap disposed over a second depression formed in the rigid portion to form a second
reservolr, the cartridge further including: a flow channel connecting the first reservolr to the
second reservoir; a fluid outlet channel associated with the second reservoir; and a seal
disposed within the fluid outlet channel and configured to coutrol a flow of fluid through the
fluid outlet channel, The seal may include a peclable bond between the rigid portion and the
flexible sheet. Further, the cartridge may include a buffer compartment formed by a third
depression in the rigid portion and a third cap in flexible sheet, wherein the buffer
compartment is positioned along a flow path of the cartridge such that a prepared fluid to be

analyred collects in the buffer compartment prior to analysis of the prepared fluid.

BRIFF DESCRIPTION OF THE DRAWINGS

[0011]  In order to understand the present disclosure and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only, with
reference {o the accompanying drawings, in which:

{6012] Figure | diagrammatically {Hlustrates a system for analysis of a sample {luid using

the cartridge, according to some embodiments of the disclosure;
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[B813]  Figure 2 disgramymatically illustrates a cartridge already containing the body fluid as
inserted into cartridge holding unit, according to some embodiments of the disclosure;
{8614} TFigure 3 shows aspects of a cartridge, according to some embodiments of the
disclosure;

16615] Figures 4A and 48 depict seals, according to some embodiments of the disclosure;
[3816] Figure SA and 5B depict seals, according to some embodiments of the disclosure;
[3817] Figures 6A and 6B depict seals, according to some embodiments of the disclosure;
[6818] Figure 7 shows a cariridge comprising a reservoir containing two compartments,
according to some embodiments of the disclosure.

[8619] Figure 8 shows a cartridge comprising a preparation unit composed of two
reservolrs, according to some embodiments of the disclosure;

180261 Figure 9A and 98 present two configurations of a cartridge comprising more than
one preparation unit, according to some embodiments of the disclosure;

[B821] Figure 10 diagrammatically Hllustrates an analyzing compartinent, according to
somne embodiments of the disclosure;

[6622] Figure 11 diagrammatically tlfustrates an analyzing compartment, according to
some embodiments of the disclosure;

[0823] Figure 12 diagrammatically ilfustrates an analyzing compariment, comprising two
analyzing units, according to some embodiments of the disclosure;

[6624] Figures 13A and 138 diagrammatically Hllustrate a cartridge comprising a
preparation compartment and an analyzing compartment, according to some embodiments of
the disclosure;

{6028] Figures 14A, 14B and 14C diagrammatically depict samplers, according to some
embodiments of the disclosure.

[0826] Figure 15 diagrammatically illustrates a portion of a cartridge, according to some
embodiments of the disclosure,

{0027} Figures 16A and 168 diagrammatically show a seal according o exenplary
disclosed embodiments.

{0028] Figure 17 diagrammatically illustrates a cartridge according to some embodiments
of the disclosure.

{0029] Figure 18 diagrammatically illusirates a cartridge according to some embodiments

of the diselosure.
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{8838] Figures 19A and 198 diagrammatically illustrate a cartridge according to some
embodiments of the disclosure,

DBETAILED DESCRIPTION OF EXYMPLARY EMBODIMENTS

{83311 In the following description components that are common to more than one figure
will be referenced by the same reference numerals.

[6832]  In addition, unless specifically noted, embodiments described or referenced in the
present description can be additional and/or alternative to any other embodiment described or
referenced therein,

[8833] The disclosed embodiments may include a cartridge for preparing a sample fluid
containing celis for analysis. The sample fluid may be a body fluid, for example: blood,
cerebrospinal fluid {CSF), pericardial fluid, pleural fluid, or any other fluid that may contain
celle, Cells may be any type of prokaryotic cells, including, for example: bacteria; eukaryotic
cells, for example red blood cells; white blood cells (Leukocytes); epithelial cells; circulating
tumor celis; cellular fragments, for example platelets; or others,

[8034] In the present disclosure, a cartridge for preparing a blood sample for optical
analysis resulting in obtaining a Complete Blood Count {CBC) is referenced. It should be
noted, however, that the disclosure is not Hmited to CBC. Disposable cariridges in
accordance with the disclosure may be used for multiple applications where analysis of cells
is desired, such as HIV monitoring (such as using CD4/CD8 ratio}, detection of £+
hemoglobin, Malaria antigen or other blood parasites, Paroxysmal Nocturnal Hemoglobinuria
{PNH), diagnosis of Celiac discase using Intestinal Endoraysial Autoantibodies (HmA),
Alzheimer’s disease, or any other application for which cell-based diagnosis may be relevant.
[0035] Figure 1 diagrammatically iHustrates a systern 101 for analysis of a sample fluid
using a cariridge 102, according to certain embodiments of the disclosure. For example, the
system 101 may be usable as a Point of Care Testing (POCT) systern which enables guick
obtaining of laboratory results in a doctor’s office. The system 101 comprises a cartridge
holding unit 103, a pump 104, and an analyzing module 105 comprising a data processing
unit 106, The analyzing module 185 may be configured to perform an analysis, e.g., optical
analysis and/or electrical impedance analysis etc, Accordingly, the module may comprise a
suitable sensing element 107 configured for detecting and measuring parameters used for
analysis. For example, optical sensor {such as & CCD, CMOX or photo-multiplier) can be
used in an analysis module configured for optical analysis, The module may also comprise

an excifation member 108§, such as a light source for emitting light of a pre-determined wave
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length suitable for the required type of analysis of the sample fluid. The excitation member
108 is possibly coupled to the seusor 107, e.g., in ovder to synchronize operations thereof,
Aldso coupled to the sensor 107 is the data processing unit 106, that serves for processing and
storing data acquired by a analysis module. The pump 104 may serve {0 generate a pressure
gradient, such as vacuom, that drives a flow of g sample fluid inside the cartridge.

0036} o some embodiments of the disclosure, the system may be configured to perform a
complete blood count. In these embodiments, the sensor 107 may include a camera which
takes images of cells flowing inside the cartridge (as explained in more detail below),
Acquired images are then processed by the daia processing unit using suitable sofiware
and/or hardware in order to determine number of cells corresponding to each blood cell type
{e.g., neutrophils, lvmphocytes, erythrocyies, ¢ic.} present in an analyzed blood sample.
{80371 Figure 2 schematically illustrates a cartridge 204 according to certain embodiments
of the disclosure. A sampler 202, which may function to introduce a sample fluid into the
cartridge may be inserted into the cariridge 204, e.g., from one side. The sample fluid may be
received by a preparation compartment 201 where one ot more procgsses may be performed
relative to the sample fluid to prepare the sample fluid for analysis. An analyzing
compartment 203 may be coupled to the preparation compartment 201, The analyzing
compartment may receive the prepared sample fluid from the preparation compartment 201
and may enable analvsis of one or more aspects of the sample fluid,  In some embodiments,
the preparation compartment 201 and the analyzing compartment 203 may be separately
formed and coupled together by one or more flow paths. In some embodiments, the cartridge
preparation compartment 201 and the analyzing compartment 203 may be manufactured
together and coupled during, or immediately after manufaciuring, or they may be
manufactured separately and become coupled prior to marketing the cartridge to its end user
or oven just prior to usage thereof, possibly even by a person performing the test or
automatically inside system 131,

{84381 Although in Figure 2 the preparation compartment 201 and the analyzing
compartment 203 appear (o be two separate compartments coupled together, this is non-
Himiting, and in other embodiments the preparation compartment 201 and analyzing
compartment 203 may comprise integral parts of cartridge 204, For example, in some
embodiments, preparation compartment 201 and analyzing compartment 203 may be

intogrally formed relative to a conunon substrste.
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[383%]  While in the embodiment iHustrated in Figure 2 the sampler 202 and the analyzing
compartment 203 appear to be on both sides of the cartridge, this {s non-limiting as well,
According to other embodiments the sampler and the analyzing compartment may be
positioned, with reference to the cartridge 204, in any suitable manner depending on the
requirements of a particular application. For example, the analyzing compartment 203 may
be positioned above or below the preparation compartment 201, on s side, on the side where
the sampler 202 is positioned, or even in a gap, or a window, inside the cartridge 204,

[8048] Some embodiments of sampler 202 are described below relative to Figure 14, In
some embodiments, sampler 202 may be formed as an integral part of cartridge 204, Tn other
embodiments, however, sampler 202 may be formed as a component separate from cariridge
204, In either case, however, sampler 202 may include a carrier for holding a sample fluid.
The carrier may include, for example, a capillary, According to certain embodiments, system
101 may automatically couple the sampler 262 to the cartridge 204 in order o introduce the
sample fluid thereto.

{80411 Tn certain embodiments, the sampler may be considered as part of the cartridge, e.g.,
by coupling the sampler to the cartridge using any suitable means such as a coupling-strip. In
such cases, the carrier {e.g., the capillary} may be made detachable from sampler 202 t©
minimize a risk of breaking the carrier,

[6842] Figure 3 provides a diagrammatic Ulostration of a cartridge 204, according to certain
embodiments of the disclosure. In the cartridge 204, a first opening 301, may be located in
one of the sides thereof and may be configured for receiving a carrier carrying a sample fluid.
A first channel 302 is coupled to the first opening 301 and to a reservoir 303, The reservoir
303 is configured to receive the sample fluid and to perform a procedure affecting it, thereby
forming an outpyt fluid, Then, the reservolr is contigured to release the output fluid into the
second channel 304, and therefrom out of the cartridge via a second opening 305, A
preceding seal 306, configured to prevent flow from the reservoir via the first opening s
coupled to the first channel 302, and a succeeding seal 387, configured to prevent flow from
the reservoir via the second opening is coupled to the second channel 304,

{88431 The term “output fluid” may include a fluid resulting from a procedure affecting the
sample fluid. The fluid entering the reservoir, prior to the affecting procedure, may be
referred to as an “input fluid.” In some cases, the input fluid may correspond to a sample

fluid introduced into reserveir 303, for example.
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{8844] In Figure 3 the first and second openings 301 and 308 are iHlustrated when they are
positioned opposite one to the other, The two apenings, however, may be located in other
configurations, For example, the two openings may be perpendicularly positioned relative to
one another or may be located on a same side of cartridge 204, for example.

[3845] The procedure sffecting a sample fluid, performed inside a reservoir, such as
reservoir 303, may include any procedure that may provide a change of a physical ora
chemical state (or a change of at least one property or characteristic) of the sample fluid or of
the cells contained within the sample fluld. Examples of possible affecting procedures may
include heating, mixing, diluting, staining, permeabelization, lysis, etic. Some of the
procedures will be described below with reference to the following figures.

[6846]  In certain embodiments of the disclosure, the reservoir 303 may be pre-loaded with
a substance. The pre-loaded substance may be a liquid substance, a solid substance or g
combination thereof. The substance may consist of a single reagent or of several different
reagents, An example of & liquid substance consisting of several reagents is PBS (Phosphate
Baffered Saline), while examples of solid substances are lyophilized antibodies, different
kinds of powdered stains dissolvable, ¢.g., in water or in ethanol, coated beads, efc. A
substance may be lying free on the bottom of the reservoir or may be attached to an inner
surface of the reservoir. Alternatively, a substance may be attached to structures or
components, such as sponge or microfibers, filling the space of the reservoir. Such structures
or componenis may enlarge an amount of surface area exposed to the sample fhud.

[8047] Furthermore, some possible procedures, such as heating, do not require having a
pre-loaded substance in the reservoir, Therefore, in certain embodiments the reservoir is not
pre-loaded with a substance, while it is possible that the reservoir holds instead (or in addition
to a pre-foaded substance) a mechanism, such as a heating mechanism or part thereof, In
addition, understanding that pre-foading the substance may be performed during
manufacturing of the cartridge or at any time prior {0 the introduction of the sample fluid, it
can be appreciated that according to alternative embodiments, the substance may be
introduced into the reservoir together with or after introducing the sample fluid. In other
cases, wherein the substance is composed of a combination of constituents or wherein the
substance is the outcome of a chemical reaction between more than one constifuents, it is
possible that at least one constituent is pre-loaded while at least one other constituent is

introduced with or after introduction of the sample fluid,
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{83481  In case the reservoir 303 is loaded with a substance, whether pre-loaded or loaded
with/after introduction of the sample fluid, the procedure affecting the sample fluid may
include mixing of the sample fluild with the substance. In some cases, the sample fluid and
the substance may be mixed thoroughly as a lack of homogeneity may impact subsequent
analysis. According to certain embodiments of the disclosure, in order to enable mixing, at
least part (a portion) of the surface of the reservoir, may inchude a pressable portion made of
an elastic polymer, for example, polyurethane or silicone, or of a different elastic material,
Due to deformation (such as constriction} of the reservoir, affected by pressing and/or
releasing the pressable portion, fluid contained within the reservoilr may form a jet flow
inside the reservoir, which is a forro of flow that may enhance mixing. Hence, according to
embodiments of the disclosure, it may be possible to achieve mixing by alternatively pressing
and releasing the pressable portion of the reservoir. When the pressable portion is pressed,
the fhud may flow away from the pressed area, and when it is released, the fluid may flow
back, such that the fluid flows back and forth.

{8049]  In certain embodiments of the disclosure, a pressable portion may constitute a part
of a reservoir’s surface, for example, an upper surface of a reserveir or a certain percentage of
its surface. In other embodiments of the disclosure, the entire reservoir may be pressable,
{00501  Apart from or in addition to mixing, procedures affecting the sample fluid
performed in the reservoir may include reactions that may occur between the substance and
the sample fluid. The reaction may include a chemical reaction, for example
oxidation/reduction, or a blochemical reaction such as binding antibodies to ligands, The
procedure may lead to changes in physical and/or chemical states of the sample fluid or of
gells contained within the sample fluid, For example, it may affect changes in viscoelastic
properties or in pH of the sample fuid, A concentration of cells contained in a sample fluid
may decrease due to dilution. A cellular membrane may become permeable enabling binding
of coloring agents or antibodies contained within the substance to cellular components, such
as cytoplasmic granules. An oxidation or reduction of different cellular components may
happen, such as oxidation of hemoglobin contained in the red blood cells into
methemoglobin, etc.

{0081} After the procedure has been completed (or at least partially completed), the
resulting output fluid may be released from the reservoir, The releasing may be affected by
positive pressure or “pushing” the fluid out of the reservoir. For example, fluid may be

pushed out of the reservoir by pressing, Additionally or alternatively, the fluid may be
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affected by negative pressure, for example if fhuid s driven owt of the reservolr by physical
forces the “pull” it out, such as gravitationsal force or due o appleation of external forces
such as a vacnum. In cerain embodiments of the disclosure, the flow of the output fluid from
the reservoir via the second opening info the analyzing compartment may be caused by a
suction foree generated by the vacuum pump 104 coupled to the analyzing compariment, as
shown in Fig, 1,

{86521 Reservoir 303 may be enclosed between two seals, whersin the preceding seal 306
prevents fluid from flowing out of the reservolr via the fivst opening 301 and the succeeding
seal 307 prevents fluid from flowing out of the reservoir via the second opening. Prior to
introduction of the sample fluid into reservoir 303, the two seals 306 and 307 may prevent
release of substances from the reservoir, These seals may also prevent release of the
substance and/or the sample Duid during av affecting procedure. And, the seals may prevent
unintentional release of the output fluid.

[3083] Regarding seal 307, breaking or breaching of seal 307 may allow output fluid to
flow out of the reservolr towards the second opening. In some embodiments, after breaching
the seal, it may be left open. In some embodiments, the second seal 307 may constitute a
breakable or “frangible seal” 1t is possible to form the seal, ¢.g., of adhesive configured to
be to be broken by application of pressure exceeding a certain threshold, Applying pressure
on the pressable part of a reservolr may result in a pressure at the position of the seal that
exceeds the breaking threshold of the seal, which causes the seal to breach. The cutput fuid
may then be released into the second channel 304, through the second opening 305 and into
the analyzing compariment. In other words, the output flow may be conveyed to the
analyzing compartment via the second channel 304 and the second opening 308,

18054]  Mixing of the sample fluid with the substance by intermitiently pressing the
pressable portion of the reservolr may nof result in super-threshold pressure at the position of
the seal. Thus, during mixing, the seal 307 may remain intact, In some embodiments, g
structure or obstacle may be formed in a flow path prior to seal 307 to protect the seal from
being affecied by any super-threshold pressure that may be caused duriog moixing. For
example, pressure may be applied on a channel between the reservolr and the seal, hence
obtaining a physical obstacle preventing pressure arising in the reservoir to reach the seal. In
other embodiments, super-threshold pressure may be allowed to reach the seal and breach i,
however, a physical obstacle located on the channel may prevent fluid from flowing until the

ohstacle is removed.
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{6083} Retferring back to preceding seal 306, bis seal may have two different roles, Ina
first role, seal 306 may prevent the release of the substance from the reserveir prior to the
introduction of the sample fluid. Howsever, when introducing the sample fluid, the preceding
seal must be broken, in order to allow such introdoction. In some embodiments, in order to
allow mixing using pressure provided to the pressable portion of the reservoir, the reserveir
should be sealed from both sides. Therefore, the preceding seal 306 may also be resealable
atter introduction of the sample fluid, Re-sealing of the seal 306 roay allow mixing while
avoiding an unintentional release of the output fluid from the reservoir, £.g., via channel 302,
883861  As noled, the sample fluid may be introduced via the first opening using a carrier,
In embodiments wherein the carrier is lefl in the cartridge after introduction of the sample
fhuid, re-sealing may prevent passage of fluld via any gap existing between the carrier and the
first channel’s internal surface.

188871 Figures 4A and 4B depict a preceding seal 306, according to certain embodiments
of the disclosure. The embodiments shown in Figs, 4A and 4B are adapied for a carrier that
remains inside the first channel subsequent to the delivery or introduction of the sample Huaid,
[8058]  In accordance with the illustrated embodiments, the depicted preceding seal 306
may be comprised of two separate seals, namely, a first seal 401 and a second seal 402,
Figure 4A depicts the preceding seal prior to introduction of the sample fluid using a carrier
403, while Figure 4B depicis the scal when the carrier is inserted, penetrating the preceding
seal 306,

{$663%] The first seal 401 is configured to prevent flow from the reservoir via the first
opening prior to introduction of the sample fluid (the frst role mentioned above). Hence,
similar to the succeeding seal, the first seal 401 may be a frangible seal, formed of adhesive
or a plug. Upon insertion of the carrier 403 into the reservoir via the first opening, the carrier
403 breaks seal 401, as Hlustrated in Figure 48,

{00681 The second seal 402 may operate to re-seal the reservoir after the nsertion of the
carrier. The second seal is configured to prevent the leakage through the foterface between
the carrier, more accurately, the outer surface of the carrier, and the inner surface of the
channel, According to certain embodiments, the seal 402 may be comprised of a flexible ring
mounted inside the channel {e.g., an o-ring). The inner diameter of the ring is smaller than
the diameter of the carrier. Thus, while the seal 402 alows the carrier to pass through, it may

close tight around the carrier o prevent leakage. According to alternative embodiments, the

- 11 -
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first seal 401 and the second seal 402 may be swapped, that is, seal 402 may appear prior to
the first seal 401,

{8861} (Carrler 403 may be hollow. Thus, after the insertion thereof, flow or leakage cut of
the reservolr may occur into or through the hollow, inner space of the carrier. According to
certain embodiments, illusirated and deseribed, e.g., with reference {o Figure 14 below, this
icakage may be prevented by g hydrophobic membrane located inside the carrier.

168621 Figures SA and 3B depict another preceding seal, according to certain embodiments
of the disclosare. The seals shown in Figs. SA and 3B include a single member whose
functionality is similar to the functionality of seals 401 and 402 in combination. For
example, in Figure SA, a stopper 501 with centering shoulders is molded inside the first
channel 302, Stopper 501 prevents flow from the reservoir via the first opening 301, prior to
the Introduction of the sample Auid. Upon insertion of a carrier 403, as itllusirated by Figure
5B, the center of the stopper 501 is breached, while the shoulders of the stopper block the
interface between the outer surface of the carrier and the inner surface of the channel,
preventing leakage further to the sample fluid introduction. According to certain
embodiments, stopper 541 may be formed of a soft adhesive elastomer, Other materials may
also be used to form stopper 501, however.

{00631 Figures 6A and 6B depict another alternative seal, according to certain
embodiments of the disclosure. Seal 601 includes a single seal combining the functionality
of the first and second seals ( 401 and 402) illustrated in Figures 4A and 48, Unlike the
stopper 501 {of Figure 5} that is contigured for being breached by the carrier, seal 661
includes an enjected eyelet with an integrated plug 602, configured for being fitted inio the
evelet and pushed by the carrier upon insertion of carrier 403 into the eyelet. The eyslet of
seal 601 and the plug 602 may comprise different units or may be integrally formed or
otherwise coupled to form a single unit. As illustrated in Figure 64, the plug is coupled (o
the eyelet via a tether. In other embodiments, however, plug 602 may be coupled, e.g., to the
reservoir or 1o the channel, or it may have vo coupling mechanism.

[0864] According to Figure 64, prior to the introduction of the sample fluid, the plug is
closed, and flow from the reservoir via the first opening may be prevented. Figure 6B
ilusirates introduction of sample fluid to the reservoir while using a carrier such as a
capillary. Upon jnsertion of the carrier, the plug is pushed inwards, thus opening the channel,
however the eyelet of seal 601 seals the interface between the outer surface of the carrier and

the inner surface of the channel, preventing leakage thereby.
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[6865] Sl other configurations or seal arrangements may enable delivery of a sample
fluid into the reservolr while unintended flow or leakage is avoided, e.g., after a carrier {s
withdrawn from the first channel. For example, g carrier such as 8 needle attached o a
syrings may be used o deliver the sample fluid into the first reserveir, In such cases, the
preceding seal may re~seal once the needle of the carvler is withdrawn, Such a seal may be
referved 1o as a per se septum,

[866]  Cerisin embodiments may include a process of preparation of a sample fluid for
analysis. For example, a carrier 403 of a sample fluid may be inserted via the first opening
301 into the first channel 302, The carvier breaches the preceding seal 306 coupled to the
first channel and delivers the sample fluid into the reservoir 303, Inside the reservoira
procedure may be performed refative to the sample fluid, such as mixing the delivered sample
fluid with a substance pre-toaded into the reservoir, thus obtaining an output fluid, Mixing
may be enabled by applying an intermittent pressure on a pressable portion of the reservoir,
Upon completion of the procedure, the succeeding seal 307 may be broken by pressing the
reservoir in a manner that creates a super- threshold pressure at the position of the succeading
seal. The super-threshold pressure may resull in opening of the seal 307 and a release of the
obtained output fluid from the reservoir, The released output fhiid may then flow via the
second channel 304 and the second opening 303 into the analyzing compartment 203,
wherein it can be subjected to analysis.

(8067} Figure 7 shows a cariridge comprising a reservoir containing two compartmenis,
according to certain embodiments of the disclosure. The two compariments 701, either or
both of which may be pre-loaded with a substance, are interconnected by a flow path 702
The first compartment is coupled to the first opening 301 via a first channel 3062, while the
second compartment is coupled to the second opening 305 via a second channel 304, Either
ot both of the two of the compartments may include g pressable portion.

{00681  Where both compartments include pressable portions, it is possible 1o achieve
mixing by alternating pressure applied to the two pressable portions (e.g., one compariment
and then the other). The flow path 702 between the compartments 701 may cause jet flow fo
occur, which may enhance mixing. Breaking the succeeding seal 307 may be caused, e.g., by
simultaneously pressing both compartments and/or by applying stronger pressure than a
pressure applied for mixing.

3069] In casc that there is only one pressable portion, on one of the compartments, i may

be possible to achieve mining by intermittently pressing this portion. Breaking the

-~ 13 .



WO 2014/191831 PCT/IB2014/001350

succeeding seal 307 may be caused by applying a super-threshold pressure on the pressable
portion,

{88761 Other ombodiments may also be used. For example, instead of the two
compariments iHustrated in Figure 7, some embodiments may include a single reservoir (e.g.,
similar to the reservoir tustrated in Figure 3), which may include a partitioning member
inside. An opening or even 4 valve in the partitioning member may function similarly to the
flow path 702 shown in Figure 7.

(66711  While some embodiments may include a single reservoir, other embodiments may
include more than ong reservoir. For example, in some embodiments, the cartridge may
contain more than one reservolr, wherein the reservoirs are connected in series or in any other
suitable configuration. 1n some instances, one or more reservoirs soparated by frangible seals
and connected together {(e.p., in series} may constitute a “preparation unit.” With respect to
the embodiment of figure 3, the cariridge containing a single reserveoir may provide one
preparation unit. Similarly, the cartridge of Figure 7 comprises one preparation unit
containing a single reservoir.

04721 Figure 8 shows a cartridge comprising a preparation unit composed of two
reservoirs, according to certain embodiments of the disclosure. A first reservoir 801 coupled
to a first opening 301 may comprise g pressable reservoir, while a second reservoir 802
coupled 1o 8 second opening 303, may comprise cither a pressable or non-pressable reservoir,
The two reservoirs may be connected by a connecting channe! 803, which, in turn may be
sealed by a seal 804, The two reservoirs may be located between seals 306 and 307, the first
reservolr 801 being preceded by seal 306 and the second reservoir 302 being succeeded by a
seal 307,

{G6673]  While each reservolr may be associated with a respective input fluid and a
respective output fluid, the input fluid of the first veservoir 801, introduced thereto via the
first opening, may include a sample fluid. Inside the first veservoir a procedure affecting the
flnid may be performed. This procedure may be reterred 1o as a “first procedure”. Where the
procedure includes mixing, it may be performed as described above with reference to Figure
3. By affecting appropriate pressure on seal 804 {e.g., a super-threshold pressure associated
with seal 804), it may be breached resulting in release of the outpot fluid from the first
reservolr 801 such that the output fluid is conveved to the second reservoir 802, The output

fluid of the first reservolr may serve 3s an input fluid of the second reservoir.
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{68747  Where seal 804 is a frangible seal, once the seal has been breached the chamel 803
between the two reservoirs 831 and 802 may rervain open, and fhad flow may be possible in
both directions between reservoirs 801 and 802 {i.e., from 8031 to 882 and from 402 to 81
Where seal 804 includes a frangible seal, once that seal is breached, the two reservoirs may
form, in effect, two compartments of a single reservoly, Therefore, in embodiments havinga
frangible seal in the connecting chanunel 803, after breaching this seal, the output fluid of'the
first reservoir 801 can flow back and forth between the two former reservoirs and may be
affecied by any procedure associated with reservoir 881 or reservoir 802 when the fhid
resides in those compartments,  Further, after breaching a frangible seal 804 to effectively
form a single reservoir with two compartments, the channel 803 connecting the two
compartments of the single reservoir may be referred to as coupling “compartment” 801 with
“compartment” 802 and, therefore, with opening 3035,

{60751 In other embodiments, for example, where seal 804 is re-sealable, after conveying
the output fluid of reservoir 801 to reservoir 802, seal 804 may be re-sealed such that fluid
may be precluded from traveling back to reservoir 801, An example of a re-sealable seal may
include a valve. Alternatively or additionally, certain embodiments may include a re-sealable
connecting channel 803, where re-sealing may be performed, for example, by reiniroducing
pressure (o the connecting channel 803 to physically block the opening of channe] 803 and
prevent fluid from flowing through channel 803,

166761  Inside the second reservoir 802, a “second procedure™ may be performed. By
causing an appropriate pressure level on seal 307, that seal may be breached, thus resulting in
release of the output fluid from the second reservoir 802 towards the second opening 305,
The output fluid of the second reservolr may constitute an output fluid of the preparation unit
formed based on reservoirs 801 and 802. The ouiput fhuid of the preparation unit way flow
via the second opening 305 into an analyzing compariment (such as analyzing compartment
203 of Fig. 23, wherein it may be subjected to analysis.

[6877) The embodiments described above are non-limiting. A preparation unit may be
comprised of one reservolr, two reserveirs, or more than two reservoirs. A preparation unit
may be comprised of one or more reservoirs connected in series, each reservoir being
separated by frangible seals. Bach reservoir may be configured for recelving an input fhuid,
performing a procedure affecting the fluid thereby generating an output fluid, and releasing
the output fluid, A first reservoir of the ove ot yoore reservoirs may be coupled to a first

opening, while a second or last reservoir may coupled 1o a second or last opening. A first
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reservoir may include a pressable reservoir. The preparation unit may include additional
pressable reservoirs. The input fhuid of the first reservolr may include a sample fluid while
the input fluid of any of the other reservoirs may inclade the output fluid of a different
reservoir (e.g., a preceding reservoir}, The output fluid of the last reservoir may comprise the
output fluid of the preparation unit to be subjected to analysis.

{0078] 1t is noted that according to certain embodiments in a preparation unit including,
e.g., two reservoirs, it is possible to apply pressure on the first reservoir in order to breach the
seal in between. Alternatively, the seal may be breached by applying pressure on the second
reservoir or by applying pressure 1o both reservoirs, Aoy or all seals included ina
preparation unit may be frangible or re-sealable depending on the requirements of a particular
application.

{00791 EHach reservoir in a preparation unit may be configured to perform or otherwise
associated with a particular procedure. For example, if a first reservoir obtains the sample
fluid, the procedure associated withthe first reservoir may affects this sample fluid, yielding a
derivative of the sample fluid. The derivative may include a change having occurred in either
or both of the sample fluid or in cells or components contained within the sample fluid, The
change may include a chemical change, a biochemical change, a physical change, etc.
Examples of a chemical change may include a change in pH, oxidatiow/reduction of cellular
components or hinging of chemical agents, such as dyes thereto; examples of a biochemical
change may inchide binding of antibodies to ligands; and examples of pliysical changes may
include changes in viscoelastic properties, in temperature or in concentration of diluents. In
some embodiments, the sample fluid may be considered as a derivative of itself, ie, a
derivative of the sample fluid. Hence, a procedure may obtain as input a derivative of the
sample fluid and vield an output which is a derivative of the derivative. In such
embodiments, an input {o the reservolr may be referred to a first derivative of the sample
fluid, and the output of the reserveoir may be referred to as a second derivative of the sample
fluid. The same reference scheme may be used to refer to all reservoirs in a preparation unit:
each reservolr may obtain an input fluid which is a derivative of the sample fluid. A first
process performed on the sample fluid may provide a first derivative of the sample fluid, a
second process performed to the first derivative of the sample fluid may provide a second
derivative of the sample fliid, and so on for each process associated with the reservoirs of a

preparation unit,
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{0088] Because the reservoirs may be consecutively arranged, the procedures may also
occur consecutively. For example, the procedure of a certain reservoir in a series may vield a
second derivative of the sample fluid, which becomes the cutput of the reservoir. The next
reservoir may obtain the second derivative as an input from the preceding reservoir and
provide a third derivative of the sample fluld. This chain may last, until the final reservoir
conveys it respective derivative of the sample fluid towards the final opening. In sorme
cases, the cutput of one reservoir is not merely passed in series to a following reservoir,
Rather, in some cases, a seal, such as a frangible seal, between two reservoirs may be opened,
and any fluid in the two reservoirs may mix {o oreale 8 new derivative of the sample Hluid.
Notably, however, the new derivative may be shared across both of the two reservoirs {e.g.,
through a back and forth mixing process} such that at least some of the new devivative fluid
resides in both reservoirs,

{08811  An example for consecutive procedures may include an immune-labeling of cells:
labeling with a primary antibody moay be performed in a fivst reservolr followed by a
consecutive labeling with a secondary antibody, performed in a second reservoir, Another
example may include differential staining of white blood cells of a blood sample, with two
staining reagents, that must be separated during storage. A procedure of staining with g first
reagent, performed in a first reservolr, may be followed by staining with a second reagent,
performed in a consecutive, possibly last reservair,

[G082] 1t should be appreciated that in accordance with embodiments of the present
disclosure the procedure may be performed inside the reservoirs, wherein each reservoir adds
a stage in the preparation of the output fluid, all together resulting in a cumulative continuous
process.  This process may result in efficient and complete mixing of the fiuid and the
reagents.

{60831 Figures 24 and 9B illustrate two configurations of a cartridge each comprising two
preparation units, according {0 certain embodiments of the disclosure. One of the preparation
units, as shown in both Fig. 9A and Fig. 98, comprises a single reservolr containing two
interconnected compartments 701, Such a preparation unit has been described sbove with
reference to Figure 7. The other preparation unit shown in both Fig. 9A and Fig. 9B
comprises two reservoirs 801 and 802 connecied by a chanuel 803 and sealed by a seal 804,
Such a preparation unit has been described above with reference to Figure 8. Each
preparation unit has a respective first opening 301 and a respective second opening 305, The

firat openings of both preparation units may constitute the {irst openings of the cariridge.
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[0084] The two configurations of the cariridge, depicted by Figures 9A and 9B, differ
relative to the second opening provided as an outlet to the combination of preparation units.
For example, in one embodiment, the cartridge depicted at Figure 9A may include a single
cariridge second opening 901 which is in fluid communication with the second openings 305
of the respective preparation units. In another embodiment, the cartridge depicted by Figure
9B may include a second opening 303 associated with cach preparation unit, where cach of
the second openings 303 also constitute outlets of the preparation compartment 201,

[0885] In the described embodiments, each preparation unit of a cartridge may be
configured for receiving of a sample fluid from a respective carrier. In other embodirents,
however, a single carrier may be structured such that the single carrier may introduce &
sample fluid into a plurality of preparation units of a cariridge. The sample fluid may be
introduced into the preparation units of a cartridge simultaneously or at different times.
166861 The output fluid of each preparation unit may flow into the gnalyzing compartment
at different thmes, Further, the output fluid of each preparation unit may be subjected to
separate analysis processes,

{0087] Embodiments including two parallel preparation units may enable performance of
two separate independent procedures relative to the sample fluid. For example, in certain
embodinments, the cartridge may be configured for performing a complete blood count. In
such embodiments, the cartridge may comprise two paralle! preparation units, where one
preparation unit is configured for preparstion of red blood cells for analysis, and the other
preparation unit is configured for preparation of white blood cells for analysis.

[0088] Although the cariridges depicted by Figures A and 9B comprise two preparation
units, other configurations may also be used depending on the requirements of a particular
apphication. The number of preparation units included in a cartridge, as well as the number of
reservoirs included in sach preparation unit, and the number of reservolrs containing more
than one compariment may differ, as the configuration of a cartridge may be tallored for
performance of desired procedures and/or for purpose of preparing the sample fluid for
certain analysis procedures.

[0089] Figure 10 diagrammatically illustrates an analyzing compartment 203, according to
certain embodiments of the disclosure., The analyzing compartment 203 may include an
analysis vessel 1002, configured for receiving the output fluid conveyed by a preparation unit
ot units and for presenting the output fluid in a manner that allows analysis of the output

fluid. A third channel 1004 may be coupled to the analysis vessel 1002 and may be

-1% -



WO 2014/191831 PCT/IB2014/001350

configured for emptying disposable output fluid therefrom. In some embodiments, the
analysis vessel and the third channel together may comprise an analyzing unit. A waste
container 10035 configured for storing disposed output fluid may be coupled to the analysis
unit via the third channel 1004, The waste container 1005 may also coupled to a vacuum
pump, such as vacuum pump 104 via a fourth channel 1006 and opening 1007,

[6690]  An cutput fluid may flow from a preparation unlt into the analyzing unit 203 viaa
third opening 1001, Inside the analysis vessel 1002, the cutput fluid may be presented to an
analyzing system 101, After being sublected to analysis, the output fluid may be disposed via
the third channel 1004 into the wasie container 1005 and stored therein,

{00911  The flow of the output fluid Inside the analyzing unit may be driven by a suction
force generated by the vacuum pump 104, which may be included as part of the analyzing
system 101, The vacuum pump may be coupleable to the analyzing unit through opening
1007, fourth channel 1006, opening 1008, and waste container 1005, Although the suction
force may be applied to the waste container 1005, the stored output fluid may not flow out
therefrom, Instead, the waste container may be designed as a liquid trap. Opening 1008 may
be located above the level of the siored output fluid in container 1005 in order o provide &
tiguid trap.

{0092} In some embodiments, analysis vessel 1002 may a micro channel 1003 configured
to align cells contained in the output fluid into a pattern facilitating analysis. For example, in
some embodiments, micro channel 1003 may align flowing cells in the output fluid into a
single plane, which may facilitate acquisition of images of the flowing cells by a camera 107,
In other embodiments, such cells may be probed by a focused light beam/laser beam, ina
cytometer for example. The aligning of the cells may be performed by a method known as
viscoelastic focusing, Viscoelastic focusing is deseribed in PCT Publication No.
WO2008/149368 entitled “Systems and Methods for Focusing Particles”, while g
microchannel configured for viscoelastic focusing is further described in PCT Publication
WOZ0H/013238, entitled “Microfluidic System and Method for Mamufacturing the Same”,
The aligned cells may then be optically analyzed, through a transparent or franslucent surface
{e.g., viewing area) of the microchannel 1003,

{00931 Figure 11 schematically illustrates another analyzing compartment 203, according
fo certain embodiments of the disclosure. The analyzing compartment 203 of Fig. 11 may be
configured for determination of blood hemoglobin level, This compartment may inclade an

analysis vessel 1002 which may include an analyzing reservoir 1101 coupled to a third
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channel 1103, Channel 1103 may include a small cross section and a long length relative to
analyzing reservoir 1101, for example.

{0094] The analyzing reservoir 1101 may contain a powdered oxidizing agent and/or a
lvsing agent. The agent may be Soduim Dodecy! Sulfate {SDS), TritonX or ancther suitable
oxidizing/lysing agent. When the reservotr 1101 Is filled with the output fluid, which may
inchude a derivative of a blood sample, the oxidizing agent may be dissolved. The dissolved
oxidizing agent fyses the red blood celis of the derivative of the blood sample, which may
tead to refease of hemoglobin. The released hemoglobin may then be oxidized by the
oxidizing agent to form methemoglobin {(which is a form of hemoglobin which cannot release
bound oxygen). Concentration of methemoglobin may then be determined using a
specirometer, by measuring an absorption of one or more wavelengths, Thus, in some
embodiments, the analyzing module 105 of system 101 (see Figure 1) may inclnde a
spectrometer.,

{60951  According to certain embodiments, a powdered agent may freely reside inside
reservoir 1101, Alternatively, the powdered agent may coat the inner surface of the reservoir
F101. To enlarge the contact area between the agent and the derivative of the blood sample,
according to certain embodiments, the inner surface of the reservolr may contain projections
such as pillars, baffles, or other structures, coated with the agent. Alternatively or
additionally, a powdered oxidizing agent may be attached to a carrier, such as sponge, that
resides in {e.g., fiils) the reservolr. In addition to powdered agents, other agents, such as
gels, for example, may be used.

[3896] Hemoglobin oxidation and absorption measurernents may require a certain amount
of time for each. Accordingly, the derivative of the blood sample may be retained inside the
analyzing reservolr for a suitable period of time. Tn some embodiments, it may be possible to
achieve retention of the sample flaid in the analyzing reservoir by applying resistance {o the
flow, hence slowing it down. Une way for applying such resistance may be by means of a
long third channel 1003 having a small cross section coupled to the analyzing reservoir 1101,
When the channel is empty, no resistance or a low resistance to flow may be provided.
Under such conditions, the derivative of the blood sample may flow freely into the analysis
vessel 1002 and the analyzing reservoir 1101 via the third opening 1001, However, filling
the third channel with g derivative of the blood sample may cause the resistance to increase,

which may slow or halt flow in the analyzing reservoir 1101,
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106971 Figure 12 diagrammatically illustrates an analyzing compartment 203, comprising
two analyzing units, according to certain embodiments of the disclosure. One of the
analytical units comprises a microchannel 1003, similar to the analyzing unit depicted in
Figure 10, The other analyzing unit comprises an analyzing reservoir 1101, similar to the
analyzing unit depicted in Figure 11, In some embodiments, the two analyzing units may be
coupled on one side to a third opening 1001 for purposes of obtaining the output fluid from
one or more preparation units. On the other side the analyzing units may be coupled to the
waste container 1005, wherein disposable fluid may be disposed. In some embodiments, the
two analyzing units may be configured in parallel, as shown in Fig, 12,

[B898] Tt is noted that such parallel arranged analyzing units within an analyzing
compariment may enable performance in parallel of two separate types of analysis of the
output fluid, For example, using the analytical compartment depicted by Figure 12, cell
counting and measuring of hemoglobin level of a derivative of a blood sample may be
performed. The two types of analysis may be performed using different analyzing modules
105 in system 101 (see Figure 1}, e.g., a camers, a spectromeier, gic,

180991 Figures 13A and 13B show a cartridge comprising a preparation compartment 201
and an analyzing compariment 203, according to certain embodiments of the disclosure.
Preparation compariment 201 of the cartridge 204 has been described above, with reference
to Figures 9A and 9B. In the example presented in Figures 134 and 138, the preparation
compartment may include two preparation units, the first unit and the second unit. The fivst
preparation unit, which may include a single reservoir containing two interconnected
compartments 701, has been described above relative to Figure 7. The second preparation
anit, comprising two reserveirs 861 and 802, has been described in detail above, with
reference to Figure 8.

[60184] The analyzing compartment 203 of a cartridge 204 has been described in detail
above, with reference to Figure 12. The analyzing compartment may contain two analyzing
units, One of the analyzing units, comprising a microchanne! 1003, may be configured to
align cells contained in the output fluid into a single plane allowing taking images of the
flowing cells using a camera, or probed by a focused light beamy/laser beam as done ina
cytometer, This analysing unit has been deseribed in detail above, with reference to Figure
10, The other analyzing unit, comprising an analyzing reservoir 1101 coupled to a long small

cross-sectioned third channel 1004, may be configured for determination of hemoglobin
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fevel, e.g., using a spectrometer. This analyzing unit has been described in detail above, with
reference to Figure 11,

00101} To allow flow of the output fluid prepared for analysis from the preparation
compartment 201 to the analysis compartment 203, the two compartments may be
interconnected by means of the opening 901 of the preparation compartment coupled fo
opening 1001 of the analyzing compartment,

{80162} According to certain embodiments, cartridge 204 may be configured to receive
a blood sample and may enable performance of a blood count. A blood count performed by
the cartridge 204 may inclade determination of nurnber of red blood cells, white blood cells
(total count) and platelets present in the sample, as well as determination of number of each
of the white blood cell types {differential count). The white blood cell types may be
neutrophils, lvmphocytes, monocytes, eosinophils and monocytes or part thereof. Additional
types and sub-types of white blood cells may also be counted.  Furthermore, the disclosed
embodiments may be applicable to any type of cells circulating in the blood, including, e.g.,
circulating tamor cells, platelets aggregates and others,

[66163) in the described embodiments, celi counting may be performed by means of
acquiring images of flowing cells by a camera or by probing by a focused light beanvlaser
beam as done in a cytometer. In order to allow reliable counting, the cells may be brought
into a focal place of the analyzing optics. Hence, the cells should be aligned in g single
plane, e.g., by viscoelastic focusing, The method is based on suspending cells in a focusing
medium of cerfain viscoelastic properties causing the cells suspended therein to align into a
single plane if being flowed in a microchannel of a certain geomelry {(e.g., having a length of
greater than 100 microns and at least one cross-sectional dimension less than 100 microns,
¢.g., between S microns and 100 microns). Preparation of a sample fluid for counting,
performed in preparation compartment 201 of a cartridge 204, mway include adding focusing
media {o the sample fluid, thus yielding a derivative of the sample fluid.

{00104} The first preparation unit may be configured for preparing a blood sample for
determination of number of red blood cells, white blood cells (total count) and platelets
present therewithin, A substance contained in reservoir 701 comprises focusing medivm with
added surfactants. The focusing mediom may include a buffer containing, for example,
soluble high molecular weight polymers, The buffer may include any isotonic buffer suitable
for managing Hving cells, inchuiding, for example, Phosphate Buffered Saline (PBS),

Examples of soluble polymers suitable for providing the blood sample with viscoelastic

-7



WO 2014/191831 PCT/IB2014/001350

properties include polyacryiamide (PAA), polyethylene glycol (PEG), Propylene Glycol, ete.
The surfactants added to a focusing media may act as sphering agents that may cause the
shape of red blood cells to change from biconcave discs info spheres, which may facilitate
acquisition of higher quality images of the cells. Examples of surfactants include SDS
{Sodium Dodecy! Sylphate) and DDAPS (dodecyldimethylammoniopropanesulfonate}. The
composition of the focusing medium is disclosed, e.g., in PCT Publication No. WO2008/
149365 entitled “Systems and Methods for Focusing Particles”,

{60105} The procedure performed by reservoir 701 may include mixing of the
delivered blood sample with a focusing medium. After mixing has been completed, the
succeeding seal 307 may be breached by pressure, allowing the generated output fuid to flow
inio the analytical compartment 203

[80186] The second preparation unit may be configured for preparing a blood sample
for differential count of while blood cell types. In certain embodiments, the preparation may
include chemical staining of cells, where two consecutive staining procedures may be
performed in reservoirs 801 and 802 of the preparation uail,

{06167} The substance contained in reservoir 801 may comprise cell staining reagenis
dissolved in a focusing medium. Examples of cell staining reagents include Phloxine B,
Biebrich Scarlet and Basic Orange 21. As a fixation of cells may be needed in some cases,
fixating reagents, including, for example, formaldehyde or formalin, may also be included.
Following mixing of the blood sample with the substance, an incubation may be performed,
allowing staining. Upon expiration of a predetermined incubation time, a seal 804 separating
reservoir 801 from reservoir 802 may be breached by pressure, resulting in release of the
generated output fluid towards the reservoir 802,

{O0108] The substance contained in reservoir 802 may comprise other cell staining
reagents dissolved in a focusing medium,. Examples of cell staining reagents included in
reservolr 802 may include Methyl Green, Methylene Blue and Barrel’s Blue, Following
mixing of an input fluid (which constitutes the output fluld of reservoir 801) with a substance,
a second incubation may be performed, aliowing the second staining process to occur, Upon
expiration of a second predetermined incubation time the seal 307 of the second preparation
unit may be breached by pressure allowing the generated output fluid to tlow into the
analytical compartment 203,

80189} In some embodiments, preparation of cells for analysis may include immuno-

based staining of the cells. In these embodiments, one or both reservoirs of a preparation unit
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may contain reagents suitable for immune-staining, where the reagents and the focusing
medium may be contained within a single reservoir or in different reservoirs, Examples of
reagents suitable for immune-staining include antibody-coated micro beads of different
colors, such as CDI4/CDIS and a combination of stains.

[66116] The output flulds flowing out of the second openings 303 of both preparation
units may be conveyed to a single channel that is coupled to the analysis vessels of both
analyzing units, Analysis of the cutput fluids may be performed sequentially or
simultancously. The sequential analysis may be enabled by temporally separating flows of
the two output flyids, a separation that may be controlled in the preparation compartment. As
described above, the preparation process performed by a first preparation unit may include
mixing in a single reservoir without incubation, while the preparation process performed by a
second preparation unit may include, in addition to mixing in two different reservoirs, two
staining procedures that may require incubation time. Hence, the output fluid of the first
preparation unit may be ready to flow into the analyzing compartment before the output fluid
of the second preparation unit is ready to flow into the analyzing compartment.

{00111} Upon flowing into the analyzing compartment 203, the output fluid of the first
preparation unit may be divided between the two illustrated analyzing units. Part of the fluid
may enter the microchanne! 1003, wherein the cells within the output fluid may become
aligned into a single plane via viscoelastic focusing, for example. The aligned cells may then
be optically analyzed, through a transparent or translucent surface or window associated with
microchannel 1003, The output fluid then flows into waste container 1005, wherein it may
be stored.

166112} The other part of the output fluid may eoter the analyzing reservoir 1101,
wherein the cells within the output fluid become lyzed and their hemoglobin content
quantified in a way described with reference to Figure 11,

(68113} The flow of the output fluid of the first preparation unit into the analyzing
compartment may be aborted prior to breaching the seal 367 of the second preparation unif in
order to minimize or prevent mixing of the outpuot fluids, which could hinder the analysis.
This is enabled due the second channel 304 of the first preparation unit being re-sealable,
The re-sealing of the channel may be performed, for example, by pressure applied to the
succeeding seal or to another area of the second channel 304 of the first preparation unit.
{63114) As described above, the length and cross-sectional shape of the third channel

1103 coupled to reservoir 1101, may provide resistance to flow at the reservoir, especially
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ander certain conditions. Hence, upon breaching seal 307 of the second preparation unit,
substantially all the output fluid may flow into the analyzing compartment 203 and may be
conveyed to the microchanne] 1003 instead of being split between the two analysis units,
Inside the microchanne!l 1003, the cells within the output fluid of the second preparation unit
may become aligned into a single plane hence allowing optical analysis. The output fluid
may then flows into the waste container {805, wherein it is stored.

[80115] Figures 14A, 14B and 14C, diagrammatically depict samplers, according to
the presently deseribed embodiments. A sampler 1400 may be configured to sample fluid
and to introduce it into the cartridge 204, e.g., in precise amounts, The sampler depicted by
Fig. 14A may include a carvier 1401 attached to a handle 1402, In some embodiments, the
carrier may include a capillary, Inside the capillary, a seal/plag may be {formed, and the seal
ot plug may include any type of material or configuration that allows at least some aiv to
flow, but blocks liguid flow. For example, in some embodiments a hydrophobic membrane
1404 may be affixed at a pre~-determined distance from the capillary outlet. The capillary
1401 may include any type of capillary with a hydrophobie membrane affixed inside and
suitable for a particular application. For example, capillaries manufactured by
DRUMMOND Agua-Cap™ Microdispenser may be used in the presently disclosed
embaodiments.

{60116} Fluid sampling may be performed by immersing the outlet of the capillary
1461 in the fluid. The sample fluid may be driven into the capillary by capillary force. The
hydrophobic membrane 1404 affixed inside the capiflary 1401 may facilitate the process, as it
allows the air displaced by the sample fluid to flow out. The fluid fills the capillary until
reaching the hydrophobic membrane. It should be appreciated that due to the hydrophobic
nature of membrane 1404, the fluid does not come into contact with the membrane.
Therefore, there may be no sample fluid absorbance in the membrane, or in other words, no
foss of fluid volume occurs to the membrane. Thus, the final volume of a sampled fluid may
be determined based on a distance of the hydrophobic membrane 1404 from the capillary
cutlet and by the capillary’s inner diameter,

[B6117] Once the fluid has been sampled, it may be delivered or introduced into the
cartridge 204 by inserting the capiliary 1401 through the first opening 301 thereof, At this
stage only a limited leakage of a sample fluid from the capillary into a reservoir 303 may
ocour, as the fluid may be held inside by capillary forces. A plunger 1405 may be used to

push the sample fluid out of the capillary into the reservoir 303, The plunger 1405, depicted
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in Figure 148 may include a plunging member 1406 attached to a holding member 1407,
The plunging member 1406 may be configured for insertion into the capillary 1461 through a
capiliary inlet 1403 located in the handle 1402, The plunger pushes the hydrophobic
membrane 1404 until i{ reaches the capillary outlet, optionally resulting in the delivery of the
entire sample fluid into the reservoir 303, | should be considered though that if the plunging
member 1406 is not long eaough for reaching the capillary outlet, a certain dose of fluid may
remain in the capillary, Hence the volume of the sarple fluid delivered into the reservoir
may depend on a length of plunging member 1406 relative to a length of capillary 1401, The
capillary’s diameter may be known in advance along with the length of the capillary and the
fength of the plunger. Hence, the volume of the fluid transferrable by the sampler can be
predetermined.

{80118] Sampling and plunging as described above may enable delivery into the
reservoir of a fixed volume of sample fluid. The ability to deliver a fixed volume of a fluid
may be important, as deviations in the delivered volume from sample to sample may affect
the reliability of the sequential analysis. There may be no need to flush the blood out of the
sampler (in this case the capillary) because the hydrophobic merabrane may help to ensure
that all of the sample fluid, e.g., blood, is dispensed into the first reservoir,

[00119] With reference to certain embodiments, the plunger 1405 may be included as a
part of analvzing system 101, such that the plunger is inseried iuto the cartridge 204 upon
placement thereof inside the cartridge holding uoit 103 of an analyzing system 101,
However, in different embodiments the plunger may constitute a separate device, whereas the
fnsertion of a plunger into the cartridge may be performed prior to placement thereof into the
cariridge holding unit 103,

{60126} As illusirated by Figure 14C, the sampler may include two carriers 1401,
wherein sampling of the fluid by the carriers is performed simultaneously or sequentially,
[B0121} The sampler of Fig. 14C comprising two carriers may be used, for example,
for sampling and delivery of blood into a cartridge configured to allow performance of blood
count, such as the cartridge described above with reference to Figure 13, Insome
embodiments, the two carriers of the sampler may comprise anticoagulant-coated capillaries
with g hydrophobic membrane, An anticoagulant, coating the capillaries, may serve to
prevent clotting of sampled blood. An example of an anticoagulant includes EDT A

(Ethylenediaminetetraacetic acid),
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06122} A fluid volume sampled by each carrier 1401 of the sampler 1400 and
defivered into the cartridge 204 may be as small as 20 pl or even less. Therefore,
performance of a blood count using the sampler 1400, the caritridge 204 and the analyzing
system 101 may require obtaining of as little as g single drop of blood from an individual.
Such a small volume of blood may be obtained by pricking the fingertip or forearm in a way
performed for example by home blood ghicose monitoring devices, thus sparing drawing
blood from a vein, which is less convenient for patients, especially children.

06123} In some embodiments, cartridge 204 may include a substantially rigid frame at
least partially housing the reservolirs of one or more preparation units. Figure 15 shows a
portion of g cartridge 1500 including rigid frame 1301, Rigid frame 1501 may comprise any
rigid or semi-rigid material. For example, in some embodiments, rigid frame 1301 may be
fabricated from any of PMMA, COP (Cyelic olefin copolymer), Polyethylene, polycarbonate
, polypropylene, polythene, ete., or combinations thereot,

0124} Rigid frame 1501 mway be fabricated to include one or move structures
associated with the preparation units described gbove. For example, in some embodiments,
rigid frame 1501 may be made by injection molding and may include various flow paths,
infets, outlets, and/or reservoir elements (e.g., depressions formed in a surface of the rigid
frame that provide reservoirs when covered with a cap or cover laver). Rigid frame 1501
may be provided as a substantially monolithic substrate, as shown in Fig. 15, for example.
Alternatively, rigid frame 1501 may include one or more structural components associated
with cartridge 204/1500 and that provide support to one or more elements of the cartridge
204/1500,

{80125} in some embodiments, rigid frame 1501 may include openings 1506 and 1507
which lead to flow channels 1516 and 1517, respectively. Opening 1506 and/or opening
1507 may be sized to accept a sampler containing a quantity of sample fluid, For example,
either or both of openings 1506 and 1507 may be sized to accept a capillary 1401 associated
with sampler 1400, In some embodiments, a spacing between openings 1506 and 1507 may
be provided to match a spacing between capillaries 1481 provided on a dual capillary
sampler, as shown in Fig. 14C.

180126} Further channel 15316 and/or 1517 formed in the rigid frame or otherwise
associated with the rigid frame may be configured to align and stabilize a capiilary tube ofa
sampler. Such a configuration may facilitate alignment and insertion of a capillary 1401 into

cartridge 1500, Further, these channels may help guide the capillary tubes to a desired
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focation within the rigid frame or cartridge 204 and may protect the capillary tubes from
breaking while inserted into rigid frame 1501,

{01271 In some embodiments, openings 1506 and 1567 and channels 1516 and 1517
may provide fluid flow paths to one or more reservoirs associated with carlridge 1500, For
example, as shown in Fig. 15, channel 1516 may fead to reservoir 1504, and channel 1517
may lead to reservoir 1505, Thus, sample fluid provided to channel 1516 may flow to
reservolr F304, and sample fluid provided to channel 1517 may flow to reservoir 1305, 1t
should be understood that although Figure 15 shows two openings in the substantially rigid
frame, the substantially rigid frame may include any number of openings without departing
from the scope of the present disclosure. One or more of the openings in the substantially
rigid frame may be configured to align and stabilize a capillary tube.

80138} Reservoirs 1504 and 15035 may be included as part of preparation units (as
described above) of cartridge 1500, For example, reservoir 1504 may be coupled to another
reservolr 1502 via a channel 1520 and a seal 15067, Similarly, reservoir 1505 may be coupled
to another reservoir 1503 vig a channel 1321 and a seal 1508,

801291 In some embodiments, cartridge 1500 and its associated preparation units may
be formed based upon a two-part construction. For example, a first part of the cartridge 1500
may include rigid frame 1501, including molded components for providing at least a part of
the structures associated with the preparation units of cartridge 1500, A sscond part of the
cartridge may include a film 1530 disposed on the rigid frame 1501, Disposing film 1330
ppon rigid frame 1501 may complete at least a portion of the structures or components of the
preparation units, For example, reservoir 1504 (and the other reservoirs shown in Fig. 15}
may include a first portion comprising a depression formed in rvigid frame 1501, When film
1536 is placed over rigid frame, a portion of the film will cover the depression associated
with reservoir 1304, Further, forming film 1330 from an elastic material may also enable one
or more of the reservoirs associated with cartridge 150{ to be pressable, as described above.
{80130] Film 1530 may be formed from any suitable material. In some embodiments,
film 1530 may be formed from PV, Polypropylene, polyethylene, polyurethane and
taminates containing aluminum and PE, or combinations thereof.

{80131} In some embodiments, one or more of the rigid frame 1501 and the film 1530
may be formed of materials that may bond together when exposed to heat. During
construction of the two-part structure of cartridge 1500, as shown in Fig, 15, varying levels of

heat may be applied to achieve desived resulis, For example, where high temperatures
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{£.2.,140C-180C) are applied, film 1530 may be caused to permanently weld to the material
of rigid frame 1501, In other areas, where little or no heat is applied, filre 1530 may remaiv
unbonded to the underlying rigid frame. And, in areas where heat is provided at a level
below a welding threshold for the materials {e.g., 100C-130C), the material of film 1530 may
bond together with the material of rigid frame 1501, but the bond may be non-permanent.
That is, in these arcas, the bonded materials may be later pulled gpart from one another. In
some embodiments, the selective bonding described above may be achieved, for example,
gsing a filim 1530 having a multi-layer structure, A first sub-film of the multi-layer structure
(e.g., the lowest layer that first contacts rigid frame 1301} may include a material that forms a
relatively weak bond with the material of rigid frame 1501, Thus, subsequent force on an
area where the first sub-film has been bonded to rigid frame 1501 may result in separation
{e.g, peeling} of the sub-film and, therefore, the entire film 1530 away from rigid frame 13061,
{80132} in some embodiments, a multi-layer siructure of film 1530 may include a
second sub-film disposed above the first sub-film. The second sub-film may form a more
permanent bond with the material of rigid frame 1501 through the application of a bigher
temperature. For example, in some embodiments, the higher temperature may cause the first
sub-fiim to melt and flow away from the bonding area, which may enable the second sub-film
to bond directly to the rigid frame material (either permanently or semi-permanently).
{30133} This type of bonding may facilitate construction of components associated
with the preparation units of cartridge 1500, For example, in areas such s vegion 1331 away
from the structures of the preparation units, a high temperature may be applied fo
permanently weld the material of film 1530 to rigid frame 1301, Ju areas associated with
reservoirs 1502, 1503, 1504, 1505 and associated with channels 1520 and 1521, heat
application may be avoided such that film 1530 remains free of rigid frame 1501 in these
regions. In regions associated with seals 1307 and 1508 a sub-welding heating level may be
used such that film 1530 is tacked or temporarily bonded to rigid frame 1501, These seals
may be referred to as “peel seals,” as pressure placed on the seal, for example by a fluid
within reservolr 1504 pressing on seal 15307, may cause film 1530 to peel away from frame
1501, Under such circumstances, fluid may be allowed to flow through the seal. While these
peel seals may be frangible, fluid flow through a broken seal 1507 or 1508 may be halted by,
for example, applying pressure to film 1530 in the regions of the seals in order to close the

fluid pathway at the seals.
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{60134} Cartridge 1500 may also inchude seals 1518 and 1519 disposed within
channels 1516 and 15317, respectively. Seals 1518 and 1519 may prevent fluids or other
materials preloaded into reservoirs 1504 and 1503, for example, from escaping from the
cartridge or from becoming contaminated from the surrounding environment.

{80135] Seals 1518 and 1319 may constitute frangible seals designed to break upon
interaction with a capiilary of a sampler inseried into channel 1516 and/or channel 1517, Fig.
16A provides a diagrammatic cross-sectional representation of a seal 1518 according to an
exemplary disclosed embodiment. Figure 168 provides a top view representation of seal
1518, Asshown in Fig. 164, seal 1518 may optionally include a wall 1608 surrounding an
opening 1610 sized to receive a capillary 1401 of a fluid sampler. Seal 1518 may also
include a cover 1620 {e.g., a flap portion in some embodiments) that extends across the
opening formed by wall 1605,

{00136} Seal 1518 may also include various structures for providing a seal around
capillary 1401 once capillary 1401 has been inserted into or through seal 1518, Such seals
may reduce or gliminate a flow of fluid from out of opening 1610 once capillary 1401 has
been introduced into seal 1518, In some embodiments, seal 1518 may include one or more
O-rings 1630 to establish a scal about capillary 1401, Such O-rings may be disposed on wall
1605 at a position upsiream from cover 1620, as shown in Fig, 16A. Alternatively or
additionally, O-rings may be included downstream of cover 1620, Seal 1518, itself, may
serve 1o provide a seal about capillary 1441, For example, once cover 1620 opens in
response to a force applied by capillary 1401 (e.g., an axial force}, as will be discussed
further below, the material of seal 1518 originally surrounding cover 1620 may contact &
sidewall of capillary 1401 to create a seal.

[86137] Cover 1620 may be attached to wall 1605 in any suitable manner. In some
embodinents, cover 1620 may be attached to wall 1603 via the same material used to form
cover 1620 {e.g., a polymer). The attachment structure may be formed with a thickness
different from a thickness associated with cover 1628, For example, in some embodiments
the attachment structure joining cover 1620 to wall 16035 {or alternatively to an interior wall
of channel 1516} may be thinner than a thickness associated with cover 1620, Further, a
thickness of the attachment structure may be non-uniform about a perimeter of cover 1628,
For example, as shown in Figs. 164 and 16B, a region 1630 of the attachment structure may
be thinner than a region 1640 of the attachment structure. Moreover, region 1630 may extend

around a greater portion of cover 1620 than region 1640, In some embodiments, region 1630
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may extend around 80%, 90%, or more of a perimeter of cover 1620, Further, a thickness of
region 1630 may be 90%, 70%, 50%, or less of the thickness of associated with region 1644,
{00138 Such a structure may facilitate breaking of seal 1518 by capillary 1401, For
exampie, upon insertion into channel 1516, capillary 1401 may come futo contact with seal
1518 in an area near cover 1620, Pressure exerted on seal 1518 may cause cover 1620 to tear
from wall 1605, thereby opening seal 1518, Inclusion of regions 1630 and 1640 may
encourage tearing in a predictable manner and with less force. For exarople, because region
1634 is thinner than region 1640 and thinner than cover 1620, cover 1620 may tend to
separate from wall 1608 beginning in an area of region 1630 and extending around most or
all of the length of region 1630, Tearing of region 1630 may allow cover 1620 to open into
channel 1516 as a flap of material. Because region 1640 is thicker than region 1630 and,
indeed, may have a thickness comparable to or even greater than cover 1620, the material at
region 1640 may remain untorn when capillary 1401 impinges upon scal 1518, Accordingly,
cover 1620 may be retained as a flap attached to wall 1605 (or an interior wall of channel
1516) via the material of region 1640, And, becanse region 1630 has a thickness less than
cover 1620, a lower amount of force may be requived to open seal 1518 as compared to a
configuration where cover 1620 was joined to wall 1603 with a material baving a similar
thickness to cover 1620,

jB34139] Other structural features of seal 1518 may also facilitate opening of the seal.
For example, in some embodiments, cover 1620 may be oriented relative to wall 1605 such
that a plane associated with cover 1620 intersects wall 1605 at an angle. In some
embodiments, the angle of intersection relative to a longitudinal axis 1611 of wall 1605 may
be approximately 90 degrees. In other embodirnents, however, the angle of intersection
between a plane associated with cover 1620 and the longitudinal axis 1611 may be other than
perpendicular (e.g., 3 degrees, £10 degrees, £20 degrees, =30 degrees or more), Angling
the cover in this way may facilitate opening of seal 1518 because insertion of capillary 1401
into channel 1516 will cause the capillary to contact only a small portion of seal 1518,
Therefore, all of the pushing force associated with insertion of the capillary will be
concentrated on the small area of contact, which may increase the ease at which cover 1620 is
caused to tear from wall 1605, In some embodiments, thin region 1630 may be located in g
region that will experience first contact with an inserted capillary. Further still, in some
embodiments, region 1630 may be substantially centered about a region that will experience

first contact with an inserted capillary.
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[00148] Figure 17 llustrates another example cartridge 1700, according to an
exemplary disclosed embodiment. As shown in Figure 17, the cartridge 1700 include a first
inlet or opening 1701, a first reservoir 1702, a second reservoir 103, a second inlet or opening
1704, a third reservoir 1705, and a fourth reservoir 1706, Inlet 1701 is associated with the
first reservoir 1702, and inlet 1704 is associated with the third reservoir 1705, The example
cartridge forther includes a first seal 1707, a second seal 1708, and a third seal 1709, Any or
all of the seals may be fabricated as “peel seals,” as described above. As shown in Figure 17,
a first flow path is formed acvoss the first and second reservoirs 1702 and 1703, the fluid
channel 1720, and the first seal 1707, A second flow path is formed across the third and
fourth reservoirs 1705 and 1706, the fluid channel 1721, the second seal 1708, and the third
seal 1709,

{80141 The fiest flow path may be configured to mix a blood or fluid sample with a
first reagent, and the second flow path may be configured to mix the blood or fluid sample
with a second reagent. The reagents may be preloaded and sealed in the reservoirs,
Altemnatively, the reagents may be injected into the reservoirs via inlets in the cartridge. The
reagents may include at keast one of a white blood cell stain {e.g., acidic stain and alkaline
stain), a lysing agent, a biomarker, and at least one high molecular weight polymer in fluid
form. Upon the pressing of one or more of the reserveirs, the comresponding seals may be
caused to open to enable any fluid in the reservoirs to flow along the respective flow path.
[00142] Cartridge 1700 may also include a buffer compartment 1710, Buffer
compartment 1710 may be included within a flow path between sample fluid preparation
reservoirs {e.g., reservoirs 1702 and 1703) and a fluid outlet 1712 leading to au analysis
segment. In some embodiments, a tube 1711 way be provided at outlet 1712 to carry sample
fluid, or derivatives thereot, to one or more analysis segments, In some embodiments, butfer
compariment 1710 may remain empty of fluid prior to placing cartridge 1700 info use. Upon
recetving a sample fluld into cartridge 1700 {e.g., via inlets 1701 and/or 1704), the sample
fluid may be provided to & preparation unit including reservoirs 1702 and 1703 and prepared
for analysis according to any of the preparation processes deseribed above.

[80143] In some embodiments, once the sample fluid (or a derivative thereot) has been
prepared and is ready for analysis, the sample fluid/sample fluid derivative may be provided
to buffer compariment 1710 prior to analysis. Buffer compartment 1710 may include a
reservoir and may serve as a temporary holding location within cartridge 1700 prior to

analysis of the fluid. In some embodiments, fluid gathers in buffer compartment 1710 as a
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flow rate into buffer compartment 1710 may exceed a flow rate out of buffer compartment
1710, In other embodiments, buffer compartiment 1710 may serve as a pass-through chamber
for fluid where a tluid flow rate out of buffer compariment equals or, in some cases, exceeds
a flow rate into buffer compartment 1710,

0144} The amount of fluid provided to buffer compartment 1710 may be controlied
by any suitable technigue. In some embodiments, the prepared sample fluid from reservoirs
1702/1703 may be provided to buffer compartment 1710 by opening seal 1707 {e.g., via a
super-threshold pressure applied to the seal, releasing or removing a physical obstacle
associated with seal 1707, or by any other opening technigue) and metering into butfer
compariment 1710 a desired amount of prepared fluid, One or more stepper motors may be
emploved, for example, to depress portions of reservoirs 1702 and/or 1703 by a
predetermined amount and/or at a predetermined rate in order to provide a predetermined
amount of prepared fluid to buffer compartment 1710

{66145} Fiuid provided to buffer compartment 1710 may be drawn out of buffer
compartment 1710 for analysis using any suitsble techuique. For example, in some
ernbodiments, a vacuum may be applied to outlet 1712 vis tube 1711 in order to cause fluid
to flow from buffer compartment 1710, Metering techniques {e.g., including stepper motors,
plungers, flow conirol seals, etc.) may be used to draw out of buffer compartment 1710 a
predetermined amount of fluid for analysis,

{30146} Buffer compartment 1710 may offer certain performance characteristics
dependent upon the structures of a particular configuration or based upon a particular
operating scheme. For example, during operation buffer compartment 1710 may function as
a fluid analog to an electrical capacitor and may buffer fluid flow prior to asalysis of the
fluid. Buffer compariment 1710 may aid in reducing an amount of bubbles present in the
fluid 1o be analyzed. In some embodiments, the fluld drawn from buffer compartment 1710
for analysis may be drawn from a region of buffer compartiment 1710 residing below g fluid
ievel line in buffer compariment 1710, Bubbles in the fluid provided to buffer compartment
1710, resulting, e.g., from flow of the prepared fluid through one or more components of the
preparation unit, may tend to accumulate on a surface of the fluid in buffer compartment
1710, By drawing fluid from buffer compartment 1710 from below a fluid level line, such
bubbles may remain in buffer compartment 1719, and the fluid drawn out of baffer
compartment 1710 for analysis may be bubble free or may at least include fewer bubbles per

unit volume than the totality of fluid residing in buffer compartment 1710, Further, buffer

“33 -



WO 2014/191831 PCT/IB2014/001350

compartment 1718 may avoid complexities associated with controlling of operational
characteristics of seal 1707 in order to provide a desired flow of fluid for analysis. In some
embodiments, an amount of fluid provided to buffer compartment 1710 may exceed an
amount of fluid .

(66147} Fig. 18 provides a perspective view illustration of a cartridge 1800, according
io an exemplary disclosed embodiment. As shown in Fig. 18, cartridge 1800 may include a
rigid frame or rigid portion 1810, Rigid portion 1810 may be fabricated {e.g., by molding or
any other suitable technique) to include various structures relating to {luid processing
components of cartridge 1800, For example, in some emnbodiments, rigid portion 1810 may
include one or more inlets 1820, which may each be configured to receive, support, and/or
align a fluid sampler, such as a capillary tube containing a quantity of sample fluid. Rigid
portion 1810 may also include one or more depressions 1844 {or other features such as
walled structures, etc.) that each may be associated with a fluid reservoir of the assembled
cartridge 1800, Various flow paths may be fabricated into or on rigid portion 1810 to
establish fhuid flow paths within cariridge 1800, For example, as shown in Fig. 1§, a flow
path 1830 may connect an infet 1820 to a depression 1840, which may serve as abase of'a
fluid preparation reservoir (or reagent storage portion} associated with cartridge 1800, Rigid
portion may also include various fluid inlets, such as fluid inlet 1850, which may be
configured for enabling the filling of a fluid reservoir of cartridge 1800 either during
manufacture of cariridge 1800 or afler such manufacturing has been completed.

(60148 As described above relative to Fig. 15, cartridge 1800 may be fabricated as a
two-layver structure including a sheet layer 1835 disposed over rigid portion 1810, In some
embodiments, sheet layer 1835 may include a flexible material {e.g., a polymer or any other
suitable elastic material) and may be bonded to rigid portion 1810, e.g., 1o the manner
discussed above relative to the structures shown in Fig. 15, Once bonded in place, caps 1841
may reside over depressions 1840 to provide fhuid preparation reservoirs of cartridge 1800,
In some embodiments, at least a portion of caps 1841 may be flexible and, therefore,
deformable in response to pressing (e, “pressable™). Similarly, a cap 1861 may reside over
a depression 1866 to form a buffer compariment similar to buffer compartment 1710 of Fig.
17. Caps 1841, 1861 may be configured to protrude upward relative to a surface of sheet
layer 1833, Alternatively, caps 1841, 1861 may be configured as flat portions of sheet layer
1833 with substantially no protrusion above a surface of sheet layer 18358, That is sheet layer

1835 may constitute g substantially flat sheet formed without raised portions.
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{00149] Cartridge 1880 may also include a docking port 1860 or other structures
configured to align, receive, and/or retain an snalysis compartment 1870 where sample fluid
analysis may be performed. Cartridge 1800, like cartridge 1700 of Fig. 17, may include one
or more seals {(e.g., {rangible seals) disposed in any of the flow paths included in cartridge
1800,

{00156] Figs. 19A and 198 provide perspective views of a cartridge 1900, according to
an exemplary disclosed embodiment. Fig. 19A shows an assembled view of cartridge 1904,
and Fig. 198 shows an exploded view of cartridge 1900, Cartridge 1900 may include a
preparation portion 1901 as well as an analysis portion 1902, As shown in Fig. 198,
cartridge 1900 may inchude a rigid frame or rigid portion 1910, Rigid portion 1910 may be
fabricated {¢.g., by molding or any other suitable technique) as a two-part structure. As
shown, rigid frame 1910 may include a top portion 1910 configured to mate with and attach
{0 a botiom portion 1912,

{00151} In some ernbodiments, rigid portion 1910 may include one or more inlets
1920, which may each be configured fo receive, support, and/or align a fluid sampler, such as
a capillary tube containing a quantity of sample fluid, Various flow paths may be fabricated
into or on rigid portion 1910 to establish fluid flow paths within cariridge 1900, For
example, any or all of the flow paths described above with respect to the cartridge of Fig. 18
may also be included in the two part rigid frame 1910 of Fig. 198,

[68152] Cartridge 1900 may be fabricated not only with a two part rigid frame 1910, as
shown in Fig. 198, but also with two or more flexible sheets of material. For example,
cartridge 1900 may include a first sheet 1970 and a second sheet 1980, In some
embodiments, sheet layers 1970 and 1980 may include a flexible material {e.g., a polymer or
arny other suitable elastic material) and may be bonded together during fabrication of
cartridge 1900, Any suitable techniques for bonding flexible materials together may be used.
in some embodiments, different regions of layers 1970 and 1980 may be bonded together
with varying bond strengths. Such configurations may be useful, for example, to
permanently or semi-permanently bond together certain regions and more temporarily bond
together other regions. For example, in some regions, a frangible seal may be formed by
forming a temporary bond between layer 1970 and layer 1980 that can be peeled spart to
open the seal,

[B0153] Varicus mechanisms may be used to bond layers 1970 and 1980 together. For

example, adhesives may be used. In some regions, such as region 1984, where permanent or
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semi-permanent bonds are desired, sultable adhesives may be used to permanently or semi-
permanently bond together layers 1970 and 1980 in those regions. Similarly, other adhesives,
.g., those that provide only a temporary, peelable bond, may be used in other regions, such
as region 1985 where a temporary bond may be desived in order to create a frangible seal,
[0154] Such bonding may also be accoraplished through welding, For example, in
some embodiments, an electrode may be used to create spot welds between layers 1970 and
1980, In such embodiments, a bond-strength between the two layers may depend on the
density and/or shape of spot welds in g particular region. Thus, regions such as region 1984,
where a high bond-strength may be desired, a higher density of spot welds may be used as
compared to regions, such as region 1985, where a lower density of spot welds may be used
in order 0 provide a temporary, peclable bond.

[B3158] Layers 1970 and 1980 may also be bonded together via other mechanisms.
For exanple, each of layers 1970 and 1980 may inchide two sub-films, such as a first sub-
fibm having a lower mehiing or bonding temperatore a3 compared to a second sub-film that
has a higher melting or bonding temperature. Layers 1970 and 1980 may be formed such that
during bonding, they are oriented such that the first sub-film from layer 1970 forms an
interface with the first sub-film of layer 1980 and the second sub-films of each of layers 1970
and 1980 do not contact one another. To form a temporary, peelable bond, in a particular
segion, such as region 1985 at a frangible seal location, g low temperature may be applied
{e.g., in the range of about 100C 0 about 130C) such that the first sub-films bond together.
The bonded structure in this region may be later peeled apart by separation of the bonded first
sub-films or by tearing & structure formed by the bonded, first sub-films. To creaie a
permanent or semi-permanent bond, such as in region 1984, a higher temperature {e.g., in the
range of aboutl 140C to about 180C) may be applied. Such a tomperature may cause the first
sub-films to melt and/or flow away from the region (o be bounded enabling the second sub-
films of layers 1970 and 1980 to come in contact and form a permanent or semi-permanent
bond. Such bonding techniques, including adhesives, spot welding, and/or multi-layered,
iemperature-dependent bonding structures may also be used in conjunction with the
structures of Fig. 15, Fig. 18, or any other cartridge described herein,

[00156] Layers 1970 and 1980 may be prefabricated or formed to include various
structures for providing flow paths, reservoirs, seals, eto. upon bonding of layers 1970 and
1980 iogether. For example, lavers 1970 and 1980 once bonded together may form reservoirs

1940, These reservoirs may be flexible and, therefore, deformable In response to pressing
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(i.e., “pressabie™). Simiarly, layers 1970 and 1980 together may form frangible seals, e.g, in
flow paths between reservoirs, compartments, ete. Such a {rangible seal may include a seal in
region 19835, as shown in Fig, 198, Bonded layers 1970 and 1980 may form other structures,
such as a buffer compartment 1960,

{80157] It should be further understood that arrangements deseribed herein are for
purposes of example only. The present disclosure is not to be limited in terms of the
particular embodiments described in this application, which are intended as illustrations of
various aspects, Many modifications and variations can be made without departing from its
spirit and scope, as will be apparent to those skilled in the art. Functionally equivalent
methods and apparatuses within the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
133158 While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of fllustration and are not intended to be
limiting, with the true scope being indicated by the following claims, along with the full
scope of equivalents to which such claims are entitled. It Is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments only, and is

not intended to be limiting.
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Claims

What is claimed is;

i, A cartridge configured for use in a blood analyzer, the cartridge comprising:

a substantially rigid frame;

a flow path within the rigid frame;

at least one opening in the substantially rigid frame configured to align and stabilize a
capillary tube; and

a seal within the flow path, wherein the seal is configured to temporarily obstruct flow
through at least a portion of the flow path, and wherein the seal is configured to open in

response to a force excrted via a capiliary tube inserted into the at least one opening.

2. The cartridge of claim 1, wherein the force exerted via the capillary tube
includes an axial force exerted on at least a portion of the seal,

3. The cartridge of c¢laim 1, further comprising at least one capillary tube
configured to obtain a blood sample from a patient through an orifice therein and to distribute

the blood sample in the flow path within the rigid frame throngh the orifice.

4. The cartridge of claim 1, wherein the seal includes a plug contained in the

capillary tube, wherein the plog is configured to pass air but block fluid.

5. The cartridge of claim 1, wherein the cartridge is configured to retain the

capiliary tube in the at least one opening during blood analysis in a bloed analyzer.

&. The cartridge of claim 1, wherein when the capillary tube is in the at least one
opening, a blood sample in the capillary tube is sealed from contact with an outside

environment.

7. The cariridge of claim 1, wherein the at least one opening includes two

openings in the substantially rigid frame.
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8. The cariridge of claim 1, wherein the cartridge further includes a flexible
reservoir, and wherein the flow path extends between the at least one opening and the flexible

reservolr.

8. The cartridge of claim 1, wherein the cartridge is configured to cooperate with
a blood analyzer such that after a capillary tube with a blood sample therein is placed into the
at least one opening, the blood analyzer is configured to automatically inject the blood
sample from the capillary tube into the flow path upon placement of the cartridge into the

blood analyzer,

10, A cartridge configured for use in a blood analyzer, the cartridge comprising:

a substantially rigid portion;

a flexible sheet fixed to the rigid portion, wherein the flexible sheet includes a cap
disposed over a depression formed iu the rigid portion to formy a {irst reservoir;

a sample fluid inlet formed in the rigid portion, the sample {luid inlet being
configured to align and stabilize a capillary tube; and

at least one flow path formed in the rigid portion and configured to establish {fuid

communication between the sample finid inlet and the first reservoir.

11, The cartridge of claim 10, where the fivst reservoir contains at least one high

molscular weight polymer.

12, The cartridge of claim 10, further including a seal disposed in the at least one
flow path, wherein the seal is configured to temporarily obstruct flow through at least a
portion of the at least one flow path, and wherein the seal is configured to open in response {0

a force exerted via a capillary tube inserted into the sample fluid inlet.

13, The cariridge of claim 12, wherein the seal includes a flap portion suspended
by a first suspension portion of a first thickness and a second suspension portion of a second
thickness, wherein the second thickness is greater than the first thickness, and wherein the
first suspension portion is configured such that the force exerted via the capillary causes the
first suspension portion to tear leaving the flap portion suspended primarily by the second

suspension portion,

’
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14,  The cartridge of claim 12, wherein the seal includes a flap portion configured
to reside within the at least one flow path af substantially a 90 degree angle relative to a

longitudinal axis of the af least one flow path.

15.  The caritridge of claim 12, wherein the seal includes a flap portion configured
to reside within the at least one How path at an angle other than 90 degrees relative to a

iongitudinal axis of the at least one flow path.

16.  The cartridge of claim 12, wherein the seal further includes at least one O-ring
positioned such that the O-ring contacts the capillary upon insertion of the capillary into the

seal.

17.  The cariridge of claim 10 further including at least one filling hole associated

with the depression, the at least one filling hole configured provide fluid to the first reservoir.

18, The cartridge of claim 10, wherein the flexible sheet includes a second cap
disposed over a second depression formed in the rigid portion to form a second reservoir, the
cartridge further including:

a flow channel connecting the first reservoir o the second reservoir;
a fluid outlet channel associaled with the second reservoir; and
a seal disposed within the fluid outlet channel and configured to control a flow

of fluid through the fluid cutlet channel,

19.  The cariridge of claim 18, wherein the seal includes a peelable bond between

the rigid portion and the flexible sheet,

20,  The cartridge of claim 18, further including a buffer compartment formed by a
third depression in the rigid portion and a third cap in flexible sheet, wherein the buffer
compartment is positioned along a flow path of the cartridge such that a prepared fluid to be
analyzed coliects in the buffer compartment prior to analysis of the prepared fhuid.

21, A cartridge configured for use in a blood analyzer, the cartridge comprising:

- 40 -
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a first blood sample inlet;

a first reservolr containing at least one high molecular weight polymer, a buffer, and a
sphering agent;

a first channel connecting the first blood sample inlet and the first reservoir;

a second reservoir;

a second channel connecting the first reservoir to the second reservoin;

a micro-channe! flow connecied to the second reservoir;

a second blood sample inlet;

a third reservoir containing g first stain;

a third channel connecting the second blood sample inlet to the third reservoir;

a fourth reservoir;

a fourth channel connecting the third reservoir to the fourth reservoir; a fifth reservoir
containing a second stain;

a fifth channel connecting the fourth reservoir to the {ifth reservolr, wherein the fifth
reservoir is flow connected 1o the micro-channel;

a viewing area associated with the micro-channel, the viewing area being configured
to lie in an optical path of an imager when the cariridge is received by a blood analyzer; and

a hemoglobin inspection area flow connected to the second reservoir, wherein the
hemoglobin inspection area is configured to lic in an optical path of a light source when the

cartridge is received by the blood analyzer,

22.  The cartridge of claim 21, wherein the first staju is an acidic stain and wherein

the second stain is an alkaline stain.
23, The cariridge of claim 21, wherein at least one of the first reservoir, second
reservoir, third reservoir, fourth reservoir, and fifth reservoir includes a reagent including at

least one high molecular weight polymer.

24.  The cartridge of claim 21, wherein the first blood sample inlet and the second

blood sample inlet are configured to mate with respective first and second capillary tubes.

25, The cariridge of clair 21, further comprising a first seal located in the first

channel and a second seal located in the third channel.
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