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OPTICAL CARTRIDGE IDENTIFIER

FIELD OF THE INVENTION

The invention relates to bio-sensor cartridges, such as test strips, and in
particular a method for applying an identifier on a bio-sensor cartridge.
BACKGROUND OF THE INVENTION

Bio-sensors for analyzing a biological assay are used in a wide variety of
applications, for example to analyze whether a specific agent is present in the assay or to
measure the concentration of a specific agent in the assay. Generally, the assay is filled in
a cartridge which is designed to receive the assay and includes a test area. A reagent for
detecting the presence of the agent is arranged in the test area. When the assay to be
analyzed reaches the test area, the presence or the amount or concentration of the agent
to be analyzed may be indicated, ¢.g., by a color change in the test area.

In bio-sensors, magnetic beads for actuation and detection of bio-markers
may be used. The read-out of the bio-markers may be performed with an optical
technique using frustrated total internal reflection (FTIR) or other detection methods.
Specifically, magnetic actuated beads, these are magnetic particles, are detected using
the total internal reflection principle, thus eliminating any background from the biological
assay under investigation. By binding or non-binding of the magnetic beads to the
surface in the biological assay, the presence of various substances, for example drugs-of-

abuse can be detected in the assay, e.g. in saliva.

In US 2003/0124738 Al, a barcode readable diagnostic strip test is
disclosed. In order to include the strip information about the lot number, calibration
constants, date of expiry and the like, which information is important in clinical
applications of strip tests, a barcode encoding this information is printed onto the front

or back of the test strip.
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SUMMARY OF THE INVENTION

It is desirable to provide an improved method for manufacturing a bio-
sensor cartridge which, in order to facilitate and secure read-out automation of the
biological assays to be tested and to enable tracing back of possible causes in case of
cartridge-failure, is equipped with a sample-to-sample or batch-to-batch unique
identifier. The method should allow for a reduction of the production costs of the
cartridge.

In the method of the invention, the same printing technique is used for
printing a bio-marker on a test zone of the cartridge and for printing an optical identifier,
such as a barcode during production of the cartridge. Currently, cartridges are being
prepared using ink jet printing of a binding material for binding the bio-marker, for
example the magnetic markers. The binding material may be for example BSA (bovine
serum albumin). The same ink jet printing technique may be used for printing the optical
identifier using a material which is adapted to provide optical contrast. The optical
identifier, e.g. the barcode, may comprise information with respect to the manufacturing
date, the type and concentration of the bio-markers used, the manufacturer of the
cartridge, the processing workflow, and other information relevant to the cartridge used.
This information can be used in a control unit of the bio-sensor or reader. Depending on
information regarding the manufacturer of the cartridge the control unit of the reader
decides whether the cartridge is accepted or not, i.e. whether readout of the test zone is
conducted. For instance the information regarding the manufacturing date can be used to
determine the durability of the cartridge used and in case of violating the durability to
refuse the cartridge to avoid false results. The bio-marker may be adapted for detecting
the presence of an analyte such as DNA, RNA, proteins, cells, or drugs-of-abuse in the
biological assay applied to the cartridge.

The barcode used as an optical identifier may be a 1-dimensional or 2-
dimensional barcode. The optical identifier may be arranged on the surface of the
cartridge or in the test area of a cartridge. Depending on the type of optical identifier,
and on the position of the optical identifier on the cartridge, different optical readout
techniques may be used.

With the invention, a method for manufacturing a bio-sensor cartridge is
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provided which allows to reduce the production costs of the cartridge. The invention
further provides a bio-sensor cartridge. Since the same printing technique is used for
printing the biomarkers in the test area and for printing the optical identifier, providing a
separate printing means for printing the optical identifier is avoided.

Printing of the biomarkers and the optical identifier is preferentially with
one printer, using a multi-nozzle (multi-outlet) printing head, e.g. using the Fujifilm
DIMATIX printing technology. Different ink cartridges contain bio-fluid and identifier-
ink, and the required biochemical test pattern and optical identifier pattern can be printed
on the cartridge in a single printing step. This increases throughput, reduces costs and
guarantees perfect alignment of the optical identifier (that also may contain additional
alignment markers) with respect to the biochemical test pattern.

The bio-ink to be printed on the cartridge comprises a buffer fluid
containing the relevant biochemical materials to be printed on the cartridge. The
biochemical materials to be used depend on the specific bio-assay that is to be performed
during the test. The optical identifier ink to be printed on the cartridge has a strong
absorption and/or scattering of light (preferentially in the visible range, e.g. at 650 nm),
such that the pattern can be read using standard light sources (e.g. visible LEDs or
lasers) and detection devices (e.g. CCD or CMOS camera).

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereafter.

BRIEF DESCRIPTION OF THE DRAWING

Figures 1 to 6 illustrate different types of barcodes in different positions
on the cartridge and produced according to different embodiments of the invention, and

the corresponding readout techniques.

DETAILED DESCRIPTION OF EMBODIMENTS

The different cartridges 1 shown in the Figures include a test area or test-
zone 20 where examplary an FTIR readout is performed in case the cartridge 1 uses a
magneto-optical bio-sensor. The term test zone 20 is used for the area at the cartridge 1

at which the detection of the certain analyte by the corresponding certain bio-marker is
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done. A bio-sensor is defined by a device for detecting biological, chemical, or bio-
chemical analytes or substances. Means for processing and displaying the detected
signals of the bio-sensor are not described but common in state of the art. An examplary
magneto-optical bio-sensor is defined by a device for detecting biological, chemical, or
bio-chemical analytes or substances by a combination of magnetic and optical means.
Here, only the optical detection in the bio-sensor is described. For instance the actuation,
1.e. mainly the binding of analytes or substances in the bio-sensor, is done by magnetic
means exerting forces on the magnetic beads, while the detection of the analytes or
substances in the bio-sensor is done optically. The detection of analytes is done at the
right side of the reader 11 and the cartridge 1, respectively, characterized at each right
side of the Figs by the marked area between the cartridge 1 and the reader 11 at the test
zone 20 indicating the light coming from an optical means at the reader 11 to accomplish
optical detection. The test zone 20 is also denoted as FTIR area in the description, which
means that the optical detection takes place in this area, in this example an optical
detection by the optical means using frustrated total internal reflection (FTIR). This
optical detection method is described only by way of example, other detection methods
are applicable.

Figs. 1 to 3 show some examples for a single spot FTIR readout where a
single light source, which may be a laser or an LED, and a single spot detector are used
for reading the bio-marker signal from the test zone 20. The test zone 20 is the arca at
the cartridge 1 at which the analytes or substances to be detected gather and are bound.
Each Fig shows on the left side a surview of the cartridge 1 and on the right side a side
view of the cartridge 1 above the detector, also denominated as reader 11, below the
cartridge 1, indicating the integration of the cartridge 1 and the reader 11. The direction
of insertion of the cartridge 1 to the reader 11 is shown by the arrow with an arrowhead
above the cartridge 1 at each right side of the Figs. At the left side of the reader 11 an
optical device 3 is attached for scanning the optical identifier 5, 7 or barcode at the
cartridge 1, including the light source and detector. This is shown in Fig. 1- 3
schematically by two squares from which a light beam emerges, the light beam is
reflected by the cartridge 1 carrying the optical identifier 5, 7, and received by the optical
device 3, whereby the light beam in Fig. 1 is depicted by two lines crossing at the edge
of the cartridge 1. At the right side of the cartridge 1 the test zone 20 with bio-marker is
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detected by an appropriate detection method, as described. The detection of the sample,
1.e. the detection of the presence of an analyte in a biological assay, at the right side of
the Figs and the detection of the optical identifier 5, 7 at the left side of the Figs can be
done at the same time, as is depicted in the Figs. In the case of Fig. 1 there is no 2D
imaging present in the reader 11. Therefore, the optical identifier 5, 7 is applied on an
arca of the cartridge 1 outside the test zone 20 and is read using separate scanning
optics, the optical device 3, provided in the reader 11 when the cartridge 1 is inserted
into the reader 11, which is schematically shown on each right side of the Figs where the
cartridge 1 is adjacent to the reader 11. The scanning optics, the optical device 3, may
again include an LED or a laser in combination with a detector. When the cartridge 1 is
inserted into the reader 11, as is shown on each right side of the Figs, a varying signal in
the time domain is obtained from which the barcode information of the optical identifier
5, 7 can be retrieved. This way of scanning a barcode 5, as example of an optical
identifier 5, 7, is known as O0D-imaging or scanning. However, depending on the
geometry of the cartridge 1, also the FTIR optics, detecting the analyte in the test zone
20, may be used for reading the optical identifier 5, 7. In this case, the optical identifier
5, 7 and the test zone 20 are scanned one after another with one optical detection means
instead of two as described above. According to the examplary structure of the Figs first
the test zone 20 is scanned and thereafter the optical identifier 5, 7 is scanned. Also
feasible is to scan the optical identifier 5, 7 first and thereafter the test zone 20.

Fig. 1 shows an example of a single optical identifier 5, 7, here a barcode
5, that is being read by a stationary single detector at the reader 11 in combination with a
laser or LED, whereby the combination is denoted as optical device 3. This is shown in
the Figs schematically by a square representing the light source and a square next
representing the detector. In order to obtain stable and reliable readout, the cartridge 1
has to be inserted into the reader 11 by the user at a constant pace for clock extraction.

Fig. 2 shows a similar setup as Fig. 1 with a second scanning optics 4
reading a further barcode 52 with a constant line spacing frequency. The further barcode
52 lies adjacent to the optical identifier 5 at the cartridge 1. The second scanning optics
4 are situated next to the optical device 3 and designed to read the further barcode 52.
The signal from this second scanning optics 4 scanning the further barcode 52 may be

used for clock retrieval and accurate reproduction of the signal of the optical identifier 5
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of the optical device 3. The optical identifier 5 under Fig. 2 and 3 and its detection is
similar to the optical identifier 5 described under Fig. 1. Fig. 3 shows that the readout of
both optical identifier 5 and further barcode 52, that is the barcode 5 encoding the
information and the barcode 52 used for clock retrieval, may be done using a single
optical device 3 in combination with a split-detector 6 for detecting both optical
identifier 5 and barcode 52 at the same time. The method applied in Figs. 1 to 3 (0D-
imaging or 1D-scanning) may only be used for 1D-barcodes, which are in this example
optical identifier 5 and further barcode 52.

For the readout of the magneto-optical bio-markers also a CCD/CMOS-
2D-sensor for imaging the test zone 20 may be used. The bio-signals may be
subsequently read using image processing. In this case the reader 11 is equipped with a
2D sensor that may equally well be used for readout of a 1D or 2D barcode embedded
in the cartridge 1 and, in particular, arranged in the test zone 20 of the cartridge 1. Figs.
4 to 6 show three examples where a barcode 5 is being read by 2D imaging using the
same 2D sensor as being used for reading the FTIR signal. The optical identifier 5 may
be a 1D barcode as shown in Fig. 4, a 2D barcode 7 as shown in Fig. 5, or a series of 2D
barcodes 7 as shown in Fig. 6 where the series of 2D barcodes 7 may be additionally
used as alignment markers, facilitating the image processing. When used as alignment
markers detection of optical identifier 5, 7 is used to determine the alignment of the
cartridge 1 in relation to the reader 11. Further, the control unit can determine on basis
of the alignment whether a detection is started and give a signal in case of uncorrect
alignment.

As already mentioned, the barcode areas do not need to be located at the
measurement area of the test zone 20 itself, but may well be located at a different
position, e.g. at the positions used in the examples of Fig. 1- 3, termed also as single
spot FTIR cases, as the optical device of the reader 11 for detecting the presence of an
analyte in a biological assay at the test zone 20 is only designed for this matter in these
cases, not for reading the optical identifier 5, 7. In this case of the optical identifier 5, 7
located distant from the test zone 20 the optical identifier 7 designed as 2D patterns as
described under Fig. 5, 6 can be used as well.

While the invention has been illustrated and described in detail in the

drawings and foregoing description, such illustration and description are to be
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7
considered illustrative or exemplary and non-restrictive; the invention is thus not limited
to the disclosed embodiments. Variations to the disclosed embodiments can be
understood and effected by those 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 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 can not be used to advantage. Any reference signs in the claims should

not be considered as limiting the scope.
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CLAIMS:

1. A method for manufacturing a bio-sensor cartridge (1) including an
optical identifier (5, 7), said method comprising the steps of:

(a) printing a bio-marker on a test zone (20) of the bio-sensor
cartridge (1) using a printing technique, the bio-marker (10) being for detecting the
presence of an analyte in a biological assay applied to the bio-sensor cartridge (1); and

(b) printing the optical identifier (5, 7) identifying cartridge-related
information on the bio-sensor cartridge (1) using the printing technique used for printing

the bio-marker.

2. The method according to claim 1, wherein the printing technique includes

an inkjet printing technique.

3. The method according to claim 1, wherein the optical identifier (5, 7)

includes a barcode (5, 7).

4. The method according to claim 3, wherein the barcode (5) is a linear or a

2-dimensional barcode (7).

5. The method according to claim 1, wherein the optical identifier (5, 7) is

arranged in the test zone (20) of the bio-sensor cartridge (1).

6. The method according to claim 1, wherein the bio-marker includes

magnetic beads.

7. The method according to claim 6, wherein the step of printing the bio-

marker includes printing a binding agent for binding the magnetic beads.
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8. The method according to claim 1, wherein the printing means comprise

different ink cartridges for bio-marker fluid and identifier-ink, respectively.

9. A bio-sensor cartridge (1) comprising a test zone (20) with a bio-marker
printed on said test zone (20), and an optical identifier (5, 7) printed on said cartridge
(1), the optical identifier (5, 7) identifying cartridge-related information, wherein said
bio-marker and said optical identifier (5, 7) are printed using the same printing

technique.

10. A bio-sensor cartridge (1) according to claim 9, whereby the optical
identifier (5, 7) is used as alignment marker for determining the correct alignment of the

cartridge (1) in relation to a reader (11) for connecting with the cartridge (1).
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