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Single cartridge for multiple detection modalities

FIELD OF THE INVENTION
The present invention relates to cartridges for multiple detection modalities. In
particular, the present invention relates to a sensor cartridge for liquid analysis and a method

for liquid analysis.

BACKGROUND OF THE INVENTION

Point-of-Care, POC, testing offers the opportunity to test patients and to
perform the necessary diagnosis or monitoring of a patient on the spot and to determine the
appreciate action without having to send the patient to a hospital.

US 7 604 592 B2 discloses a method and an apparatus for a Point-of-Care
device. A plurality of Point-of-Carc, POC, tests on a single cartridge is provided such that the
sequential or non-sequential tests may be performed in an integrated fashion without
changing the test cartridge. Each cartridge contains a penetrating member sensor combination
in a radial disk format, interrogated and read by a single illumination/cartridge portion. The

series of tests can be measured electrochemically and reported.

SUMMARY OF THE INVENTION

There may be a problem of test cartridges to provide multiple types of tests in
a single cartridge from a single blood sample.

These needs are met by the subject-matter of the independent claims. Further
exemplary embodiments are evident from the dependent claims and the following
description.

An aspect of the present invention relates to a cartridge, for example a sensor
cartridge for liquid analysis, the sensor cartridge comprising: a sample depot which is
configured to store a liquid sample; a first cartridge portion comprising a first measurement
chamber which is connected to the sample depot and configured to receive a quantity of the
liquid sample from the sample depot, wherein a first analyte is measured in the first
measurement chamber using a first modality on the quantity of the liquid sample and wherein

a first analyte test signal is obtained; a second cartridge portion comprising a second
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measurement chamber which is connected to the first cartridge portion and which is
configured to receive a quantity of the liquid sample from the first measurement chamber,
wherein a second analyte is measured using a second modality on the quantity of the liquid
sample and wherein a second analyte test signal is obtained.

According to a further, second aspect of the present invention, the use of the
sensor cartridge according to the first aspect or according to any implementation form of the
first aspect is provided.

A further, third aspect of the present invention provides a method for liquid
analysis, thc mcthod comprising the following steps of: storing a liquid samplc in a samplc
depot; receiving a quantity of the liquid sample from the sample depot in a first cartridge
portion comprising a first measurement chamber and measuring a first analyte using a first
modality on the quantity of the liquid sample by the first cartridge portion and providing a
first analyte test signal by the first cartridge portion; receiving the quantity of the liquid
sample from the first measurement chamber in a second cartridge portion and measuring a
second analyte using a second modality on the quantity of the liquid sample by the second
cartridge portion and providing a second analyte test signal by the second cartridge portion;
and determining a first output for the first modality based on the first analyte test signal
and/or the second analyte test signal by a read-out controller and determining a second output
for the second modality based on the first analyte test signal and/or the second analyte test
signal by the read-out controller.

A fourth aspect of the present invention provides a reader device for receiving
a cartridge according to the first aspect of the present invention or according to any
implementation form of the first aspect, the analyser device comprising: a reader to provide
an analyte test signal; an actuator configured to drive a quantity of a liquid sample; a read-out
controller configured to determine, on a first cartridge portion, a first output of a first
detection modality based on a first analyte test signal, and wherein the read-out controller is
further configured to drive the quantity of a liquid sample to a second cartridge portion of
choice.

A fifth aspect of the present invention provides a system comprising a sensor
cartridge, the sensor cartridge comprising: a sample depot which is configured to store a
liquid sample; a first cartridge portion comprising a first measurement chamber which is
connected to the sample depot and configured to receive a quantity of the liquid sample from
the sample depot, a second cartridge portion comprising a second measurement chamber

which is connected to the first cartridge portion and which is configured to receive a quantity
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of the liquid sample from the first measurement chamber, a reader device for receiving the
sensor cartridge, the reader device comprising: a reader to provide an analyte test signal; an
actuator configured to drive a quantity of a liquid sample to the first cartridge portion and to a
second cartridge portion of choice; a read-out controller configured to measure a first analyte
in the first measurement chamber using a first modality on the quantity of the liquid sample
and wherein a first analyte test signal is obtained; and further configured to measure a second
analyte in the second measurement chamber using a second modality on the quantity of the
liquid sample and wherein a second analyte test signal is obtained.

In other words, the present invention advantagcously allows the rcusce of blood
samples among the various test modalities in a single cartridge.

The present invention advantageously solves the practical problem of having
insufficient sample available, for instance only 5 or 10 or 20 ul of blood, for all multiple tests
for cell detection, clinical chemistry or protein assays or any further medical monitoring. The
present invention advantageously allows moving the sample from one test or modality to the
next test or modality. The present invention may advantageously provide a method to move
the sample depending on the concentration of an analyte in the sample or depending on the
volume of the sample or depending on the outcome of analyte value.

For instance, the concentration of an analyte may be determined in a first
assessment and depending on the determined value further follow-on measurements in other
chambers will follow.

The present invention further advantageously allows for instance that the first
measurement is used as a calibration for the following second and/or any further
measurements.

The present invention proposes to re-use (part of) a blood sample among
different detection modalities within a single cartridge.

The present invention further advantageously allows for that data of one
detection modality can be used to calibrate/take decision on whether to move to the next
modality.

The present invention further advantageously allows moving only certain
analytes contained in the sample, for example by means of magnetic selection, or by means
of a magneto-capillary valve structure. A magneto-capillary valve is for example a capillary
channel, part of a microfluidic system, in which a valve-like structure allows the passage of
magnetic particles, but hinders the passage of fluids. In such structure, it is possible to

provide magnetic particles capable of binding a target molecule present in a fluid, so that by
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means of a magnetic actuator it is possible to move only the target molecules, bound to the
magnetic particles, but not the fluid, from one side of the valve to the other. This can be
achieved for example by the use of a deformable material and/or by hydrophobic components
or modifications in the capillary channel and/or in the valve-like structure.

The present invention further advantageously allows that the sample may be
moved between detection modalities in series, or it can be stored in a storage chamber first,
and portions of it are moved to the different detection chambers.

The present invention further advantageously allows re-using the sample
proccsscd in scrics and/or in parallcl and/or in a combination c¢.g. using parallcl paths in
series or vice versa, for instance two MCYV processes being run in parallel. The sample may
be being re-used, i.e. processed in series. For instance, some part of the processing may be
parallel paths in series.

According to an exemplary embodiment of the present invention, the sample
depot is configured to store a blood draw as the liquid sample.

According to an exemplary embodiment of the present invention, the sample
depot is configured to store as the blood draw a blood amount of up to 80 ul, preferably of up
to 20 ul, most preferably of up to 5 ul.

According to an exemplary embodiment of the present invention, the read-out
controller is configured to perform a first calibration for the first modality based on the first
analyte test signal and to perform a second calibration for the second modality based on the
first analyte test signal and the second analyte test signal.

According to an exemplary embodiment of the present invention, the sensor
cartridge may comprise a plurality of second cartridge portions and the read-out controller is
configured to select at least one second cartridge portion out of the plurality of second
cartridge portions.

According to an exemplary embodiment of the present invention, a first,
second, and third analysis may be done on the sample or any further analysis. For instance,
an analysis of clinical chemistry (Na" and K") may be conducted and then a cell analysis
(white blood cell count) may be performed and then finally an immunoassay (to determine
CRP level) may be performed.

According to an exemplary embodiment of the present invention, the first
output for the first modality may be based on the first analyte test signal and the second

analyte test signal by the read-out controller.
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According to an exemplary embodiment of the present invention, the read-out
controller is configured to select at the least one second cartridge portion based on the first
analyte test signal.

According to an exemplary embodiment of the present invention, the read-out
controller is configured to select a further cartridge portion based on the second and any other
successive analyte test signal.

According to an exemplary embodiment of the present invention, between the
first cartridge portion and the second cartridge portion a storage chamber is coupled, which is
configurcd to storc thc quantity of the liquid samplc.

This advantageously allows steering the transport of the liquid sample.

According to an exemplary embodiment of the present invention, the first
cartridge portion and/or the second cartridge portion comprise a liquid reservoir, which is
configured to provide a reagent for the quantity of the liquid sample. This advantageously
allows transporting the quantity of the liquid sample in a safe and secure way.

According to an exemplary embodiment of the present invention, the sensor
cartridge is configured to transport the quantity of the liquid sample from the sample depot
by capillary forces. This advantageously allows safely and reliably transporting the quantity
of the liquid sample.

According to an exemplary embodiment of the present invention, the sensor
cartridge is configured to transport the quantity of the liquid sample from the sample depot
by vacuum forces. This advantageously allows transporting the quantity of the liquid sample
in a precisely adjustable manner.

According to an exemplary embodiment of the present invention, the first
cartridge portion and/or the second cartridge portions comprise an actuator, which is
configured to transport the quantity of the liquid sample. This advantageously allows an
efficient moving and transport of the quantity of the liquid sample.

According to an exemplary embodiment of the present invention, the sensor
cartridge is configured be used for a point of care application.

These and other aspects of the present invention will become apparent from

and be elucidated with reference to the embodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention and the attendant
advantages thereof will be more clearly understood by reference to the following schematic
drawings, which are not to scale, wherein:

Fig. 1 shows a schematic diagram of a system comprising a sensor cartridge
according to an exemplary embodiment of the present invention;

Fig. 2 shows a schematic diagram of a sensor cartridge according to an
exemplary embodiment of the present invention;

Fig. 3 shows a schematic diagram of a systcm comprising a scnsor cartridge
according to an exemplary embodiment of the present invention;

Fig. 4 shows a schematic flow-chart diagram of a method for liquid analysis
according to an exemplary embodiment of the present invention; and

Fig. 5 shows a schematic diagram of cartridge portion according to an

exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

The illustration in the drawings is purely schematical and does not intend to
provide scaling relations or size information. In different drawings or figures, similar or
identical elements are provided with the same reference numerals. Generally, identical parts,
units, entities or steps are provided with the same reference symbols in the description.

The term “analyte” as used by the present invention, may refer to an analyte,
or component (in clinical chemistry), that is a substance or chemical constituent that is of
interest in an analytical procedure.

The sensor cartridge according to the embodiments of the present invention
may be a multi-analyte biosensor cartridge.

The term “liquid sample” as used by the present invention may refer to a body
fluid, bodily fluids, or bio-fluids or any kind of liquids originating, for instance, from inside
organs of the human body.

The term “liquid sample” may include fluids or liquids that are excreted or
secreted from the body as well as body liquids. For instance, the bodily liquids may contain
proteins, enzymes and small molecules for detection.

The terms “blood” and “blood sample” as used by the present invention may
refer to full blood, but also to any component thereof, for example, blood plasma, blood

serum, etc.
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The term “modality” as used by the present invention may refer to a
measurement method for the determination of a physical property or quantity of an object or
of a chemical compound, for instance a physical property or quantity like sound, temperature,
light, or concentration or pressure.

The term “re-used” or “re-using” as used by the present invention may refer to
any consecutive performing or taking of measurements with regard to the liquid sample, in
other words a measurement or test is performed on a liquid sample on which previously
another test or measurement was performed.

The terms ““previous, preceding, cte.” or “successive, following, ctc.” (and all
their synonyms) when referred to a cartridge portion or to any chamber of a cartridge, for
example a measurement chamber, indicate a temporal sequence of the position of the liquid
sample, namely, the portion or chamber from where the liquid sample is being transported,
and the portion or chamber to where the liquid sample will be transported, respectively.
These can be predetermined sequences, or sequences decided at the moment, as will be
further explained in the present description.

The present invention advantageously solves the practical problem of having
insufficient sample available (from a finger prick of blood) for all the various test for cell
detection, clinical chemistry and protein assay.

The present invention advantageously provides a solution by moving the
sample from one test (modality) to the next based on conditions or criteria. The moving may
be done depending on:

- the concentration of an analyte (for instance a first assessment of the range of
an analyte given analytical performance of follow-on measurement chambers); or

- the volume of the liquid sample; or

- the outcome, 1.e. the result or output signal, of an analyte value which has
relevance for the next analyte measurements to be done, given knowledge about certain
clinical conditions (this may be connected to/ giving rise to so-called clinical decisions
support).

The present invention advantageously provides that re-use of the same sample
occurs among various detection modalities, which thus far operate in isolation without one
receiving (blood) sample input from the other (from the same/single finger prick of blood).

Since the volume of a single finger prick of blood is limited to only about 10

to 45 ul, reuse of the same sample in a second detection modality would be ideal. However,
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currently this is not possible. Furthermore, red blood cell lysis may be required to be
performed prior to protein or white blood cell detection.

Blood cell lysis may also influence the K level, i.e. the potassium level.
Consequently, K' levels need to be determined from plasma prior to red blood cell lysis. This
may be effected by siphoning off a small fraction of the blood and extract plasma to do the
K" measurement. Afterward the red blood cells may be lysed for white blood cell, WBC,
measurement. This may cause a change in the hematocrit value of the liquid sample. In case
of performed protein detection, this will change the concentration of a protein of the liquid
samplc to bc mcasurcd in plasma as thc hematocrit valuc of blood varics between 36-51 %
depending on person and sex.

The concentration of a protein in plasma e.g. troponin may change by up to a
factor of 2, making the detection of e.g. troponin concentration unreliable, if a lysed sample
were to be used again, for the case that data of the first measurement is not used for
evaluation or calibration of the second analyte test or measurement.

The present invention advantageously provides a single cartridge that retains
the same sample, i.e. re-use of the liquid sample is therefore possible. For instance, the
hematocrit value can be measured and the measured value can be used to calibrate the protein
detection in any further measurements to be performed.

Re-use of the liquid sample thus enables multiple tests to be done on the same
small sample and enables a full blood analysis from a single finger prick of whole blood,
using multiple modalities. This enables key developments for the adoption of, for instance,
POC testing.

Fig. 1 shows a schematic diagram of a system comprising a sensor cartridge
according to an exemplary embodiment of the present invention.

Fig. 1 shows a schematic picture showing a system comprising a sensor
cartridge structure, in which a measurement chamber is connected to one detection modality.

The sensor cartridge 100 may comprise a sample depot 10, a first cartridge
portion 20, a second cartridge portion 30-1. A system 1000 may comprise the sensor
cartridge 100 and a read-out controller 40.

The first cartridge portion 20 may comprise a first measurement chamber 22.
The first measurement chamber 22 may be coupled to the sample depot 10. The first
measurement chamber 22 may be configured to receive a quantity of the liquid sample from

the sample depot 10. The first cartridge portion 20 may be configured to measure a first
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analyte using a first modality on the quantity of the liquid sample and may be configured to
provide a first analyte test signal.

The first cartridge portion 20 may comprise a liquid reservoir 28, for example
a pouch, with certain reagents needed for the analysis or the processing of the sample,
coupled to the first measurement chamber 22 via a fluidic switch 27. The first cartridge
portion 20 may comprise a venting hole 24 that can be pierced to allow a fluid to fill in a
chamber between the fluid and the venting hole by capillary force, coupled to the first
measurement chamber 22 via a fluidic stop 23.

The sccond cartridge portion 30-1 may comprisc a sccond mcasurcment
chamber 32-1. The second measurement chamber 32-1 may be coupled to the first
measurement chamber 22. The second measurement chamber 32-1 may be configured to
receive the quantity of the liquid sample from the first measurement chamber 22. The second
cartridge portion 30-1 may be configured to measure a second analyte using a second
modality on the quantity of the liquid sample and may be configured to provide a second
analyte test signal.

The second cartridge portion 30-1 may comprise a liquid reservoir 38-1 such
as a pouch containing reagents, coupled to the second measurement chamber 32-1 via a
fluidic switch 37-1 and a venting hole 34-1 that can be pierced, coupled to the second
measurement chamber 32-1 via a fluidic stop 33-1. The fluidic stop may be, for instance, a
Goretex membrane which is permeable for air but not for liquids

The first cartridge portion 20 and/or the second cartridge portion 30-1, ..., 30-
n may be configured to perform the following analyte tests:

i) blood cell testing to check for infections/immune system response via white

blood cell count;

ii) protein testing by immuno-assays;

1) clinical chemistry testing typically by electrochemical techniques; or

v) molecular diagnostics

V) further biosensor tasks or any other detections of an analyte

vi) cell analysis, e.g. tests for CD4 and/or CD8 cells. In molecular biology, CD4

(cluster of differentiation 4) is a glycoprotein found on the surface of immune cells such as
such as T helper cells, monocytes, macrophages.

The read-out controller 40 may be configured to determine a first output for
the first modality based on the first analyte test signal and/or the second analyte test signal.

The read-out controller 40 may be configured to determine a second output for the second
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modality based on the first analyte test signal and/or the second analyte test signal. The first
output and/or the second output may correspond to a quantity of the analyte as present in the
liquid sample.

According to an exemplary embodiment of the present invention, the first
output may be determined using the first analyte test signal and the second output may be
determined using the first analyte test signal and the second analyte test signal, or vice versa,
i.e. the the first output may be determined using the first analyte test signal and the second
analyte test signal and the second output may be determined using the second analyte test
signal. In othcr words, at Icast onc output may be determinced using a further analytc test
signal.

According to an exemplary embodiment of the present invention, the read-out
controller 40 may be configured to either determine the first output based on the first analyte
test signal and second analyte test signal or to determine the second output based on the first
analyte test signal and second analyte test signal.

According to an exemplary embodiment of the present invention, the liquid
sample can be transported along the cartridge by capillary flow. The direction of the capillary
flow may be governed and controlled by capillary pull as formed by the first cartridge portion
20 and/or the second cartridge portion 30-1, ..., 30-n. That is the capillary flow may be
driven by the increasing capillary pull. This can be effected by reducing the channel height
such that the contact-area/volume ratio, and thereby the capillary pull, increases.

According to an exemplary embodiment of the present invention, the liquid
sample can follow a predefined path along the different chambers in the cartridge, or it can
follow a customizable path. In the latter case, the device in which the cartridge is inserted
may have a user interface through which a user can select different measurement menus or
set up a customized new measurement menu. For example, the blood sample or the liquid
sample may be sent according to a predefined protocol from a first measurement chamber 22
connected to a first detection modality in form of the first cartridge portion 20 to a second
measurement chamber 32-1,.., 32-n connected to a different detection modality in form of the
second cartridge portion 30-1, ..., 30-n.

According to an exemplary embodiment of the present invention, the sample
flow can be steered such that the liquid sample is first sent from the first cartridge portion 20
to a different second cartridge portion, for instance to second cartridge portion 30-2, rather
than to second cartridge portion 30-1, or to second cartridge portion 30-1 followed by the

second cartridge portion 30-2. Depending on which measurement menu is selected, different
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venting-hole will be pierced, in order to steer the capillary flow according to the selected
measurement menu.

According to an exemplary embodiment of the present invention, the first
cartridge portion 20 and/or the second cartridge portion 30-1,..., 30-n may comprise an
actuator 29-1; 39-1,..., 39-n, which is configured to push and/or pull the quantity of the
liquid sample.

According to an exemplary embodiment of the present invention, the first
cartridge portion 20 and/or the second cartridge portions 30-1,..., 30-n may comprise an
actuator 29-1; 39-1,..., 39-n, which is configurcd to transport thc quantity of the liquid
sample.

According to an exemplary embodiment of the present invention, a selection
of flow path depends on measurement output of the detection occurring in the first cartridge
portion 20. For example, depending on the measurement output obtained from the detection
in the first cartridge portion 20, the sample may be sent to either the second measurement
chamber 32-1 or the second measurement chamber 32-2.

In other words, different second measurement chambers 32-1, ..., 32-n may be
selected for carrying out further detection modalities, based on the outputs obtained from
detection modalities that took place in previous cartridge portions. For example, after
obtaining a test signal from a first detection modality in the first cartridge portion, the user
may realize that the next detection modality, in a second cartridge portion, would be
irrelevant, and he can thus choose to skip said second cartridge portion and direct the blood
sample to a further cartridge portion wherein a different detection modality can take place.

It is within the scope of the present invention that any known method to move
a liquid along a microfluidic or capillary system may be applied to the present invention in
order to transport or drive the liquid sample along the cartridge.

According to an exemplary embodiment, a liquid sample may be driven by a
vacuum pump that creates an under pressure in the direction where the liquid is meant to be
transported.

According to another exemplary embodiment, a liquid sample may be driven
by capillary flow in combination with the piercing of a venting hole, wherein such piercing of
a venting hole will let the liquid sample move toward said hole.

According to another exemplary embodiment, a liquid sample may be driven
by an actuator, for example by an actuator that would press against a liquid reservoir, in form

of a pouch, so as to force the liquid out of said pouch.
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According to an exemplary embodiment of the present invention, the read-out
controller 40 may be configured to determine a routing and re-using the sample along the
various detecting modalities.

The sensor cartridge 100 may comprise further cartridge portions 50, coupled
to the sample depot 10 as shown in Fig. 1, or to the first cartridge portion 20, or to the second
cartridge portion 30-1,..., 30-n.

Fig. 2 shows a schematic diagram of a sensor cartridge according to an
exemplary embodiment of the present invention.

In contrast to Fig. 1, Fig. 2 shows a schematic picturc showing the scnsor
cartridge 100 which comprises a plurality of second cartridge portions 30-1,....30-n. A read-
out controller 40 — may be coupled to the sensor cartridge 100 and may be configured to
select at least one second cartridge portion 30-2 out of the plurality of second cartridge
portions 30-1, 30-2. The selected second cartridge portion 30-2 is then provided with the
quantity of the liquid sample, which was previously used in the first cartridge portion 20.
The advantage of this approach may be regarded as that the the quantity of the liquid sample
may be directed or steered to a specific measurement chamber used for specific follow-on
measurements. This may depend on the result of the first measurements as performed in the
first cartridge portion 20.

In a further modification the application of reagents may be done in a storage
chamber 22a, 32-1a, 32-2a..., which may be a subsection of the measurement chamber 22,
32-1, 32-2..., when doing this in the measurement chamber may disturb the measurements.

According to an exemplary embodiment of the present invention, in case that
the liquid sample is a blood sample, thus including red blood cells, a Hemoglobin (Hb)
measurement is performed in the first chamber, for example by optical absorption.
Subsequently, the plasma fraction may be extracted by driving the sample through a filter or
pillar structure, and subsequently K+ is measured in the remaining plasma fraction.

According to another embodiment, following Hb measurement, chemical lysis
reagents may be added to the storage chamber to lyse the red blood cell and perform a white
blood cell count. After the lysis, the sample can be transported to a second cartridge portion,
where an immunoassay can be performed in the lysed blood in order to measure the
concentration of a target protein, for example Troponin or CRP (C-reactive Protein).
According to this embodiment, the previously obtained Hb concentration can be used to
calibrate the data obtained from said immunoassay; Hb measurement, in fact, is correlated to

the hematocrit, i.¢. the concentration of red blood cells in the total blood volume. Lysed
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blood volume comprises the blood plasma volume before the lysis, and the total amount of
fluid which was comprised in the red blood cells before the lysis. Since the concentration of a
target protein in blood should be based on the plasma volume and not on the lysed blood
volume, the Hb measurement can be used to estimate the red blood cell component of the
total lysed blood volume, and use this measure to adjust or calibrate the measured target
protein concentration. According to this embodiment, it is thus possible to perform a
complete set of tests on blood, for example according to three different common modalities,
on the same blood droplet and on the same cartridge, wherein the different modalities can be
uscd in a syncrgistic way in ordcer to optimizc the precision of the results. In the
aforementioned embodiment, the blood sample is tested according to three modalities:

- blood cells count by optical absorption;

- Protein concentration measurement by Immunoassay;

- Clinical chemistry.

However, it is within the scope of the present invention to have a cartridge
comprising more than three chambers for performing more than three different modalities of
measurement, or wherein the same modality is used in more than one chamber, for example
to measure the concentration of two different proteins.

The further reference signs as present in Fig. 3 were already described in the
description with respect to Fig. 1.

Fig. 3 shows a schematic diagram of a sensor cartridge according to an
exemplary embodiment of the present invention.

In contrast to Fig. 1, Fig. 3 shows a schematic picture showing a cartridge
structure in which the sample is transferred to a storage chamber from which it may go to
another measurement chamber.

The advantage of this approach may be regarded as that the sample may be
held in a chamber free from contaminants such as additional reagents needed, during the time
that the results of the analysis in an earlier chamber are performed. In this case the reservoir
with reagent has to be seen to be optional for the storage chamber.

According to an exemplary embodiment of the present invention, the
application of reagents may be done in a storage chamber, when doing this in the
measurement chamber may disturb the measurements.

The further reference signs as present in Fig. 3 were already described in the

description with respect to Fig. 1.
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Fig. 4 shows a schematic flow-chart diagram of a method for liquid analysis
according to an exemplary embodiment of the present invention.

As a first step of the method, storing S1 a liquid sample in a sample depot 10
may be performed.

As a second step of the method, transferring S2 a quantity of the liquid sample
from the sample depot 10 in a first cartridge portion 20 is performed, the first cartridge
portion 20 comprising a first measurement chamber 22. Further, measuring a first analyte
using a first modality on the quantity of the liquid sample is performed by the first cartridge
portion 20 and providing a first analytc tcst signal by the first cartridge portion 20 is
performed as well.

As a third step of the method, transferring S3 the quantity of the liquid sample
from the first measurement chamber 22 in a second measurement chamber 32-1 is performed.
Further, measuring a second analyte using a second modality on the quantity of the liquid
sample is performed by the second cartridge portion 30-1, ..., 30 -n. Further, providing a
second analyte test signal by the second cartridge portion 30-1, ..., 30 -n is performed.

As a fourth step of the method, determining S4 a first output for the first
modality based on the first analyte test signal and/or the second analyte test signal by a read-
out controller 40 is performed. Further, determining a second output for the second modality
based on the first analyte test signal and/or the second analyte test signal by the read-out
controller 40 is performed.

The first analyte test signal may be used as a calibration for the second
modality and vice versa. In other words, a determining of the second output for the second
modality may be based on the first analyte test signal and the second analyte test signal as
performed by the read-out controller 40.

According to an exemplary embodiment of the present invention, different
types of magnetic particles may be used to collect a specific analyte of interest from the
blood stored in the reservoir. Magnetic particles can be used to extract an analyte of interest
from the sample and to transport the analyte of interest to one or more adjacent measurement
chambers.

According to an exemplary embodiment of the present invention, magnetic
beads may be used to capture a certain molecule of interest, such as a protein, by coating or
covering the beads with antibodies or any other protein-binding molecule) or a nucleic acid
(e.g. DNA, RNA), by clectrostatic binding (such as effected by Dynal beads, for example),,

after which a clinical chemistry reading is performed on the remaining sample.
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According to an exemplary embodiment of the present invention, a
multiplexed signal from the same modality may be generated; e.g. use the same sample for
multiple immunoassay readings which could be achieved.

Fig. 5 shows a schematic diagram of cartridge portion according to an
exemplary embodiment of the present invention.

According to an exemplary embodiment of the present invention, a magnetic
actuating means is shown in Fig. 5 comprising an actuator 29 which is configured to transport
a cluster of magnetic beads with a minimal quantity of the liquid sample from a primary
mcasurcment chamber 22 to a sccondary mecasurcment chamber 25 using magnctic forccs.
The MCYV is the bridge between the primary measurement chamber 22 and the secondary
measurement chamber 25. The actuators 29 may comprise electromagnets and the liquids L
involved may comprise magnetic beads MB. The magnetic beads are prepared such that they
capture a certain molecule from the sample in the primary measurement chamber and
transport it through the MCV to the secondary measurement chamber. On the upper right side
of Fig. 5, a magnified illustration of the actuator comprising electromagnets is depicted.

The original sample itself can in the meantime be shifted to the next
measurement chamber 32-1 by the capillary or other fluid transport methods described earlier
where other beads remove another analyte etc by the second actuator 29.

According to an exemplary embodiment of the present invention, the bulk
(from which a certain molecule has been removed and transported to the secondary chamber
25) of the sample is reused. Transport of a target analyte to a secondary measurement
chamber can be done to simply remove said analyte from the bulk of the sample, or for
isolating said analyte from the bulk and perform a separate measurement on it. In addition, it
is time-efficient because the measurement of the analytes in the secondary measurement
chambers can take place more or less in parallel while the sample itself has been shifted
already to the next modality.

The further reference signs as present in Fig. 5 were already described in the
description with respect to Fig. 1.

It has to be noted that embodiments of the present invention are described with
reference to different subject-matters. In particular, some embodiments are described with
reference to method type claims whereas other embodiments are described with reference to
the device type claims.

However, a person skilled in the art will gather from the above and the

foregoing description that, unless otherwise notified, in addition to any combination of
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features belonging to one type of the subject-matter also any combination between features
relating to different subject-matters is considered to be disclosed within this application.

However, all features can be combined providing synergetic effects that are
more than the simple summation of the features.

While the present invention has been illustrated and described in detail in the
foregoing description and the drawings, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the present invention is not limited to the
disclosed embodiments. Other variations to the disclosed embodiments can be understood
and cffccted by thosc skilled in the art and practicing the claimed invention, from a study of
the drawings, the disclosure, and the appended claims.

In the claims, the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a plurality. A single processor or
controller or other unit may fulfill the functions of several items recited in the claims. The
mere fact that certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used to advantage. Any reference

signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. A system (1000) comprising:

- a sensor cartridge (100), the sensor cartridge (100) comprising:

- a sample depot (10) which is configured to store a liquid sample;

- a first cartridge portion (20) comprising a first measurement chamber
(22) which is connected to the sample depot (10) and configured to receive a quantity of the
liquid sample from the sample depot (10),

- a second cartridge portion (30-1, ..., 30-n) comprising a second
measurement chamber (32-1, ..., 32-n) which is connected to the first cartridge portion (20)
and which is configured to receive a quantity of the liquid sample from the first measurement
chamber (22),

- a reader device for receiving the sensor cartridge, the reader device
comprising:

- a reader to provide an analyte test signal;

- an actuator configurcd to drive a quantity of a liquid samplc to the
first cartridge portion and to a second cartridge portion (30-1,..., 30-n) of choice;

- a read-out controller (40) configured to measure a first analyte in the
first measurement chamber using a first modality on the quantity of the liquid sample and
wherein a first analyte test signal is obtained; and further configured to measure a second
analyte in the second measurement chamber (32-1, ..., 32-n) using a second modality on the
quantity of the liquid sample and wherein a second analyte test signal is obtained;

wherein the read-out controller (40) is configured to perform a first calibration for the first
modality based on the first analyte test signal and/or the second analyte test signal and to
perform a second calibration for the second modality based on the first analyte test signal

and/or the second analyte test signal.

2. System (1000) according to claim 12,
wherein the sensor cartridge (100) comprises a plurality of second cartridge portions (30-
1,..., 30-n) and the read-out controller (40) is configured to select at least one second

cartridge portion (30-1) out of the plurality of sccond cartridge portions (30-1,..., 30-n).
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3. System (1000) according to any one of the preceding claims 1 or 2,
wherein the read-out controller (40) is configured to select at the least one second cartridge

portion (30-1) based on the first analyte test signal.

4. System (1000) according to claim 1,

wherein the sample depot (10) is configured to store a blood draw as the liquid sample.

5. System (1000) according to claim 4,
wherein the sample depot (10) is configured to store as the blood draw a blood amount of up

to 80 ul, preferably of up to 20 ul, most preferably of up to 5 pl.

6. System (1000) according to any one of the preceding claims,
wherein a storage chamber is coupled between the first detection cartridge portion (20) and
the second cartridge portion (30-1,..., 30-n), wherein the storage chamber is configured to

store the quantity of the liquid sample.

7. System (1000) according to any one of the preceding claims,
wherein the first cartridge portion (20) and/or the second cartridge portion (30-1,..., 30-n)
comprise a liquid reservoir (28-1; 38-1,..., 38-n), which is configured to provide a reagent for

the quantity of the liquid sample.

8. System (1000) according to any one of the preceding claims,
wherein the sensor cartridge (100) is configured to transport the quantity of the liquid sample
from the sample depot (10) by capillary forces.

9. System (1000) according to any one of the preceding claims,
wherein the sensor cartridge (100) is configured to transport the quantity of the liquid sample

from the sample depot (10) by vacuum forces.

10. System (1000) according to any one of the preceding claims,

wherein sensor cartridge (100) is configured be used for a point of care application.
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11. A method for liquid analysis comprising:

- storing (S1) a liquid sample in a sample depot (10);

- receiving (S2) a quantity of the liquid sample from the sample depot (10) in a
first cartridge portion (20) comprising a first measurement chamber (22) and measuring a
first analyte using a first modality on the quantity of the liquid sample by the first cartridge
portion (20) and providing a first analyte test signal by the first cartridge portion (20);

- receiving (S3) the quantity of the liquid sample from the first measurement
chamber (22) in a second measurement chamber (32-1, ..., 32-n) and measuring a second
analytc using a sccond modality on thc quantity of the liquid samplc by a sccond cartridge
portion (30-1, ..., 30-n) and providing a second analyte test signal by the second cartridge
portion (30-1, ..., 30-n); and

- determining (S4) a first output for the first modality based on the first analyte
test signal and/or the second analyte test signal by a read-out controller (40) and determining
a second output for the second modality based on the first analyte test signal and/or the
second analyte test signal by the read-out controller (40),

wherein the first analyte test signal is used as a calibration for the following second and/or

any further analyte test signal.

12. Method according to claim 11,
wherein a blood draw is used as the liquid sample comprising a blood amount of up to 80 ul,

preferably of up to 20 ul, most preferably of up to 5 ul.
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