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Description
Field of the Invention

[0001] The present invention relates generally to im-
munoassays, and more specifically to an improved anal-
ysis of chromatographic assays, often referred to as a
lateral flow assay. IN PARTICULAR THE quantitative or
semi-quantitative ANALYSIS OF LATERAL FLOW AS-
SAYS. These assays commonly employ a test strip uti-
lizing visible particles as the labels for the analytes to be
detected, where, as an additional feature, the analytical
strip is removable for reading the quantity of analytes
captured therein and for archival purposes.

Background of the invention/ description of the prior
art

[0002] An immunoassay is a well known laboratory
method used to determine the amount of an analyte in a
sample such as plasma or urine. Itis based on the inter-
action of antibodies with antigens, and because of the
degree of selectivity for the analyte (either antigen or an-
tibody), an immunoassay can be used to quantitatively
determine very low concentrations of drugs, hormones,
polypeptides, or other compounds found in a test sample.
For many years, trained laboratory technicians per-
formed immunoassays by hand.

[0003] Various chromatographic immunoassay tech-
niques have been available for many years. One com-
mon aspect of known devices, particularly in the lateral
flow technology, is that the assay is read visually, that is,
by means of one or more optically readable lines on a
test strip, typically held in a carrier, which may have var-
ious configurations. One end of the test strip is exposed
to the sample, normally a body fluid of some type, being
tested for the particular target analytes of interest. It is
known that particular analytes are indicative of particular
biological, environmental, and biohazard conditions,
among others. For example, urine may be tested for preg-
nancy or ovulation and if the target analytes are present,
the test is positive. Body fluids may be tested for the
presence of other analytes indicative of biological condi-
tions or they may be indicative of the presence of sub-
stances, such as drugs. Another example would be for
testing water for contaminates. Examples of lateral flow
assay methods and apparatus, where the reading is con-
ducted optically, are shown in U.S. Pat. Nos. 5,591,645;
5,798,273;5,622,871; 5,602,040; 5,714,389; 5,879,951;
4,632,901; and 5,958,790.

[0004] US2003/116628 discloses a correction concept
of a distorted bar code image. US2006/014302 discloses
a concept of detecting a test result of a probe zone of a
test strip based on the result of a decoded bar code.
[0005] Recently, many companies have begun pro-
ducing automated immunoassay analyzers. Automating
the immunoassay procedures has been difficult because
of the large number of steps that need to be performed.
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For example, a sample is mixed with a reagent and a
solid support having a bound antigen or antibody, the
sample is incubated such that the corresponding antigen
or antibody in the sample and a labelled antigen or anti-
body provided in the reagent can be bound to the antigen
or antibody on the solid support, then the solid support
is thoroughly washed and the label (fluorescent, radio-
active, chemiluminescent, or the like) is detected by an
appropriate mechanism, andfinally the analyte of interest
(antigen orantibody) is quantified from the detected label.
[0006] One of the problems with reading of Lateral flow
cassettes and also other similar cassettes is the lack of
a true general reader. All of the readers on the market
today are designed for a group of cassettes with similar
properties. A consequence is that the user needs to use
different instruments with different shape, user interface
and connection to printer and journal systems. The lack
of a general instrument limits the possibility to use low
cost measurement cassettes.

[0007] A general instrument must be able to process
cassettes of different shapes and colours. A scanner or
camera-based system can be able to read cassettes of
different shape as long as it is possible to locate the cas-
sette on a scanner plate or another suitable place for a
capturing a camera image. The contrast between the
cassette and the background can be high or low depend-
ent of the colour of the cassette and the colour of the
background. The image can also contain shadows at the
edge of the cassette. The image can be out of focus, or
be distorted. A scanner plate background is normally ei-
ther black or white, but when scanning with the scanner
lid lifted up (the cassette is not completely flat), the image
can also contain ambient lightning from light sources out-
side the scanner. The background when capturinga cam-
era image can be anything the user finds suitable. Am-
bient lightning can also be difficult to control when cap-
turing a camera image of a device.

[0008] Use of barcodes is becoming more widespread;
including use of barcodes for identifying many different
types of things, including, but not limited to commercial
goods, such as groceries, product packages of various
types, printed reading material. A barcode typically as-
signs a unique identifier to a particular commodity.
[0009] A barcodeis agraphicidentifier used to encode
asetofdigits or characters. A barcode comprises a series
of bars and spaces, which may have different widths ac-
cording to various encoding rules, such as the standard
commodity barcode EAN13 barcode specification.
[0010] In the bio-medical field a barcode has been de-
scribed as to convey specific information about a patient,
including clinical history and as a unique identifier of the
patient sample, in addition to the categorization of the
assay being conducted on the patient sample as well as
for tracing and control purposes.

[0011] From the abovementioned, it will be appreciat-
ed that there remains a need in the art for a general,
simple, effective means to locate, calibrate and identify
biological test devices.
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Fig. 1 illustrates an example of embodiment of a sys-
tem according to the present invention.

Fig. 2 illustrates another example of embodiment of
a system according to the present invention.

Detailed description of the Invention

[0012] Accordingtoan aspect of the presentinvention,
reading a lateral flow test strip as described above may
be done with a scanner device. However, distortion of
the scanned image, which often is the case with scanner
technology, may introduce errors when measuring the
test strip. It is well known in prior art how to identify an
object in a scanned image. The lines that are the result
of the test are easily identified with such prior art tech-
niques. However, the accuracy of the test is dependent
on the geometrical location of the lines. It is the relative
position on the lateral test strip surface of these lines that
provides the test result. Therefore, any introduced geo-
metrical distortion of the scanned image may provide
false or inaccurate test results. However, if the image
comprises an object that can reveal the amount of dis-
tortion present in the scanned image, geometrical image
analysis methods as known to a person skilled in the art
may be applied to restore the scanned image to a cor-
rectly sized picture of the test strip surface. When this
corrected image is used to identify the lines that are the
result of the test, accurate test results may be obtained
automatically.

[0013] According to an example of embodiment of the
present invention, bar codes may be used to reveal ge-
ometrical distortions, and also provide means for identi-
fying the amount of distortion and then provide a possi-
bility to correct the image. For example, a bar code seg-
ment comprising information about the test strip is printed
on the surface of the test strip, and the bar code and its
information can be stored in a database together with
relevantinformation such geometrical size of the barcode
coded text segment etc. According to this example of
embodiment, a proprietary bar code system provides a
special design of the barcodes for correcting systemati-
cally measurement errors of the white and black bars (or
other colours with acceptable contrast) on the barcode.
The barcode will always contain equal area of black and
white bars. Typically, the measurement can create bar-
code bars in the image that are thinner or wider than the
real bars. Normally the translation from black to white or
from white to black can be modelled as an s curve. The
translation from black to white is not necessary symmet-
rical with the translation from white to black. A conse-
quence is wrong size of white and black bars. Since the
true amount of black and white is equal, the system then
can measure the amount of black and white and then do
a correction. This information can also be used to make
a correction of the control and measurement lines on the
cassette.

[0014] The barcode contains at least one line of infor-
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mation. It can contain as many lines as necessary. Each
barcode line contains a fixed number of barcode modules
defining the black and white bars. Each bar contains one
or more barcode modules. When the system has detect-
ed the start and stop position of the barcode, the module
width can be computed. From the module width, the
length of black and white bars and a barcode alphabet it
is possible to compute the barcode symbols for all the
barcode lines. The first information on the barcode is the
identification of the cassette. A corresponding database
contains information for this cassette including the phys-
ical length of the barcode. Since the system has found
the length of the barcode (in pixels) and the database
contains the physical distance, it is possible to compute
DPI (dots per inch) of the image. This is important be-
cause the lighting, imaging, and focusing conditions of a
camera cannot readily be controlled.

[0015] From the lower left comer of the barcode, the
orientation of the barcode, the estimated DPI and infor-
mation in the cassette database describing the distance
from the barcode left comer to measurement area, it is
possible to define a local search area containing all in-
teresting measurement objects. In the local search area
the system can search for lines or other measurement
objects. The only necessary part of a cassette is the bar-
code area and the measurement areas. A consequence
is that other parts of the cassette do not have to be inside
the image. When capturing an image with a camera, only
a small part of the cassette must be captured. Then even
with a low-resolution camera it is possible to get enough
pixels to be able to read both the barcode and also the
measurement area.

[0016] According to another aspect of the present in-
vention, calibration of an image system is necessary to
perform as a relative measurement since there is no con-
trol of light sources. A single signal alone (e.g. strength
of a line) is not enough. Since lateral flow cassettes usu-
ally have a control line connected to each test line it is
possible to compute a relative measurement = (strength
of test line)/(strength of control line). Since the control
and test line are both measured using the same light
source and sensor, the relative measurement is also a
calibration, therefore there is no requirement for specific
calibration objects.

[0017] When cassettes of the same type and produc-
tion batch are processed using the same scanner, we
can eliminate some of the control line noise by computing
a mean control line based on many control line meas-
urements.

[0018] The barcode can also contain more than geo-
metrical/optical information. Typical the barcode will con-
tain cassette identification, lot number, expiry date and
for each measurement area: standard curves or qualita-
tive thresholds. All necessary information is contained
on the barcode. The user only needs to run the chemi-
cal/biological processing according to the cassette pack-
age insert. After sample is applied on a cassette, the
program can take care of incubation time and perform
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the necessary delay before scanning. Normally the sys-
tem will perform a scan after the shortest possible incu-
bation time defined in the cassette database. After the
first scan the system will know the identification of all
cassettes in the image. The system can then make a
decision of eventually the next scan time.

[0019] The present invention may be embodied using
a decentralized or centralized context based on a /client
- server/ type of network architecture in which data can
be exchanged through a request and response syntax.
[0020] The scanner or the camera will be used only as
image capture devices, also called a /client/. The client
will not compute the result, however only be used as a
capturing device.

[0021] In a centralized client-server setup, the client
may also be the only user interface, and display data
(result from the analysis) from the server. That is, if a
display on the client is available.

[0022] In decentralized or localized setup, both client
and server may be physically attached. In such setup,
the server may be the unit that controls and drives the
display and handle the user interface.

[0023] In a first embodiment the client may be a scan-
ner connected to a computer, in which the latter is the
/server/ doing all the processing and handles the user
interface. The connection between the scanner and the
server may use any known and available physical net-
work and protocol, such as USB, Wifi (etc)

[0024] In another example of embodiment the /client/
may be a camera, preferably a cell phone camera, which
can communicate with the server using e.g. MMS and
SMS messages in a GSM type of network. Alternatively
the server can for registered users, send a result back
using other information channels like e-mail. A payment
transaction can also be included in the MMS/SMS mes-
sage transaction.

[0025] The client, dependent on where the user inter-
face is, will:

- receive arequest from the server to capture and up-
load an image, or the contrary, upload an image to
the server.

- receive data from the server

[0026] The server will:

- make arequest to or handle a request from client to
receive an image

- analyze image and make available the result at a
local display, alternatively push a response back to
the client. The latter requires the client to have a
suitable display unit

(e.g. mobile phone)

Summary:

[0027] The /client/ is defined as the apparatus which
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is used to capture and send the image. This may be any
device and this invention allows acting as a’dumb’ device
which does not carry out any local processing for the
purpose of analyzing the image. The client apparatus is
not instructed by the server to perform any local settings.
Unlike other remote controlled systems this invention will
allow centralized analysis to be performed on any image.
[0028] The /serveris a complete set of software mod-
ules which is installed on a computer that is connected
to any type of digital network. Such a server can thereby
handle requests from any type of /clients/. The server
can e.g. allow for controlled log on of a user, or it can
allow for anonymous use. In either case the server au-
tomatically logs or registers the address (number) of the
client (telephone), and will then start analyzing the image
received. The application may control transactions tied
to the request and response regime, and the analysis.
An advantage is that software upgrades will be very easy
to perform.

Example:

[0029] Lateral Flow cassette measuring Calprotectin
from Calpro AS using a scanner. Image is being proc-
essed in a connected PC

1. Apply samples on a set of cassettes

2. Click program button immediately after sample is
applied on last cassette

3. Program will scan after 5 minutes

Find a barcode candidate, if no more found, go to

24

Find frame around barcode

Find barcode module size

Find length of each black/white bar

Accumulate length of all black bars, SumB

Accumulate length of all white bars, SumW

0. Compute mean bar length, MeanB and MeanW

for black and white bars

11.  Define correction Corr = (MeanB-MeanW)/2

12.  Add Corr to length of all white bars

13.  Subtract Corr from length of all black bars

14.  Find barcode string

15.  Find cassette ID

16.  Get barcode length from cassette database and
compute DPI

17.  Find control line search area

18.  Find control line inside search area

19.  Find test line search area relative to control line

20.  Find control line inside search area

21.  Compute strength of control line relative to local

&

2 © >N o

background

22.  Compute strength of test line relative to local back-
ground

23. Goto4.

24.  Compute mean control line (meanControl) from
all found cassettes from same lot.
25.  Read old mean control line(oldControl) from file.
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26. ControlLine = (n*meanControl + m*oldCon-
trol)/(n+m)

27. Where n = number cassettes, m = predefined
weight (for example 20)

28.  Save ControlLine to file

29. For each cassette:

1a. Compute p = testline/ControlLine
b. Use standard curve from barcode to interpolate
final Calprotectin value

Example:

[0030] LateralFlow cassette measuring Calprotectin
from Calpro AS using a cellphone. Image is transferred
via MMS to a sentral server.

[0031] Same as for camera, but for each cassette the
used control line is the measured control line, not mean
from many control lines

Example:

[0032] LateralFlow cassette measuring DON from R-
Biopharm using a scanner

Normally the control line is independent of amount of
analyte. The DON cassette is different. Control line is
also dependent of amount of analyte. The processing of
DON cassettes on a scanner is equal to processing of
Calprotectin from cellphone.

No control mean is used.

[0033] Figure 1 illustrates an example of an embodi-
ment of the persent invention. A chemical test device
(lateral flow test strip) to a digital image acquisition device
(client) that for example can communicate over a public
network, for example the Internet or a mobile telephone
network. For example, a MMS picture may be sent to the
server providing access to a database comprising infor-
mation about bar code coded text segments according
to the presentinvention. A response to the analysis result
can be provided back to a user of the system, for example
as a SMS message. Figure 2 illustrates another example
of embodiment of the present invention wherein a mobile
telephoneis used to acquire a picture of animmunoassay
test. The picture is sent as an MMS message before be-
ing processed, for example in a central processing serv-
er. The response is sent as a SMS message back to the
user.

Claims

1. A method for semi-quantitative or quantitative anal-
ysis of assays, wherein the method comprises the
steps of:
assigning at least one unique barcode coded text
segment on a test strip of the assay, acquiring an
image comprising the at least one barcode coded
text segment together with lines or other measure-
ment objects that are the test results of the assay,
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10.

1.

12.

identifying the at least one unique barcode coded
text segment in the acquired image, and use this
image of the barcode coded text segment for iden-
tifying the amount of geometrical distortion from the
acquired barcode in order to correct the image,
using the corrected image to detect positions of test
result lines or other measurement objects that are
the test results of the assay.

The method according to claim 1, wherein using the
optical calibration entity comprises using a barcode
coding scheme for the coding of text providing equal
area of white space and black space in a bar coded
text segment.

The method according to claim 1, wherein using the
optical calibration entity comprises identifying the
unique text comprised in the at least one barcode
coded text segment, and using the unique text to
identify a prestored version of the identified text to-
gether with information about geometrical size of the
barcode coded text segment thathas beenidentified.

The method according to claim 1, wherein the assay
is an immunoassay.

The method according to claim 4, wherein the im-
munoassay is a lateral flow chromatographic test
strip.

The method according to claim 1, wherein both con-
trol and response zones are present.

The method according to claim 6, wherein a control
line intensity is provided for as a mean of control line
intensities generated from a plurality of measured
control lines.

The method according to claim 1, wherein an imag-
ing system for acquiring the image comprises ascan-
ner connected to a computer or network.

The method according to claim 1, wherein an imag-
ing system for acquiring the image comprises a cam-
era connected to a computer or network.

The method according to claim 1, wherein an imag-
ing system for acquiring the image comprises a mo-
bile phone camera connected to a computer or net-
work.

The method according to claim 8 to 10, wherein the
imaging system can communicate with a server via
any available network

The method according to claim 1, wherein the atleast
one barcode coded text segment comprises assay
or sample recognition parameters.
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13. A system for semi-quantitative or quantitative anal-

ysis of assays, wherein the system comprises:

at least one computer device being arranged to
execute program instructions providing actions
and functions to carry out the steps of the meth-
od according to any claim 1 to 12.

Patentanspriiche

Verfahren zur halbquantitativen oder quantitativen
Analyse von Assays, wobei das Verfahren folgende
Schritte umfasst:

Zuweisen von zumindest einem eindeutigen
strichcodecodierten Textsegment auf einem
Teststreifen des Assays,

Erfassen eines das zumindest eine strichcode-
codierte Textsegment umfassenden Bildes ge-
meinsam mit Linien oder anderen Messobjek-
ten, bei denen es sich um die Testergebnisse
des Assays handelt,

Identifizieren des zumindest einen strichcode-
codierten Textsegments im erfassten Bild und
Verwenden dieses Bildes des strichcodecodier-
ten Textsegments zum ldentifizieren des Aus-
males der geometrischen Verzerrung von dem
erfassten Strichcode, um das Bild zu korrigie-
ren,

Verwenden des korrigierten Bildes zum Detek-
tieren von Positionen von Testergebnislinien
und anderer Messobjekte, bei denen es sich um
die Testergebnisse des Assays handelt.

Verfahren nach Anspruch 1, wobei das Verwenden
der optischen Kalibrierungseinheit das Verwenden
eines Strichcode-Codierungsschemas zum Codie-
ren von Text umfasst, das eine gleiche Flache an
weilem Raum und schwarzem Raum in einem
strichcodecodierten Textsegment bereitstellt.

Verfahren nach Anspruch 1, wobei das Verwenden
der optischen Kalibrierungseinheit das Identifizieren
des in dem zumindest einen strichcodecodierten
Textsegment enthaltenen eindeutigen Texts und
das Verwenden des eindeutigen Texts zum Identifi-
zieren einer vorgespeicherten Version des identifi-
zierten Texts gemeinsam mit Information zur geo-
metrischen GréRRe des identifizierten strichcodeco-
dierten Textsegments umfasst.

Verfahren nach Anspruch 1, wobei der Assay ein
Immunassay ist.

Verfahren nach Anspruch 4, wobei der Immunassay
ein chromatographischer Lateral-Flow-Teststreifen
ist.
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6.

10.

1.

12.

13.

Verfahren nach Anspruch 1, wobei sowohl Kontroll-
als auch Ansprechzonen vorhanden sind.

Verfahren nach Anspruch 6, wobei eine Kontrolllini-
enintensitat als ein Mittel der Kontrolllinienintensita-
ten, die von einer Vielzahl an gemessenen Kontroll-
linien erzeugt wurde, vorgesehen ist.

Verfahren nach Anspruch 1, wobei ein Bildgebungs-
system zum Erfassen des Bildes einen mit einem
Computer oder einem Netzwerk verbundenen Scan-
ner umfasst.

Verfahren nach Anspruch 1, wobei ein Bildgebungs-
system zum Erfassen des Bildes eine mit einem
Computer oder einem Netzwerk verbundene Kame-
ra umfasst.

Verfahren nach Anspruch 1, wobei ein Bildgebungs-
system zum Erfassen des Bildes eine mit einem
Computer oder einem Netzwerk verbundene Mobil-
telefonkamera umfasst.

Verfahren nach Anspruch 8 bis 10, wobei das Bild-
gebungssystem Uber ein beliebiges zur Verfligung
stehendes Netzwerk mit einem Server kommunizie-
ren kann.

Verfahren nach Anspruch 1, wobei das zumindest
eine strichcodecodierte Textsegment Assay- oder
Probenerkennungsparameter umfasst.

System zur halbquantitativen oder quantitativen
Analyse von Assays, wobei das System Folgendes
umfasst:

zumindest eine Computervorrichtung, die ange-
ordnet ist, um Programmbefehle auszufiihren,
die Handlungen und Funktionen bereitstellen,
um die Schritte des Verfahrens nach einem der
Anspriiche 1 bis 12 durchzufiihren.

Revendications

1.

Méthode pour I'analyse semi-quantitative ou quan-
titative des essais, dans lequel le procédé comprend
les étapes consistant a:

affecter au moins un segment de texte unique
codé par codes-barres sur une bande d’analyse
de I'essai,

acquérir une image comprenant I'au moins un
segment de texte codé par codes-barres avec
des lignes ou d’autres objets de mesure qui font
les résultats d’analyse de I'essai,

identifier 'au moins un segment de texte unique
codé par codes-barres dans I'image acquise, et
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utiliser cette image du segment de texte codé
par codes-barres pour identifier la quantité de
distorsion géométrique a partir du code a barres
pour corriger 'image,

utiliser 'image corrigée pour détecter des posi-
tions de lignes de résultat d’analyse ou d’autres
objets de mesure quisontlesrésultats d’analyse
de I'essai.

Procédé selon la revendication 1, dans lequel 'usa-
ge de I'entité d’étalonnage optique comprend I'usa-
ge d’un table de codage de code a barres pour le
codage du texte fournissant une superficie égale de
I'espace blanc et de I'espace noir dans un segment
de texte codé a barres.

Procédé selon la revendication 1, dans lequel 'usa-
ge de I'entité d’étalonnage optique comprend l'iden-
tification du texte unique compris dans I'au moins un
segment de texte codé par codes-barres, et 'usage
du texte unique pour identifier une version pré-stoc-
kée du texte identifié ainsi que des informations sur
la taille géométrique du segment de texte codé par
codes-barres qui a été identifié.

Procédé selon larevendication 1, dans lequel I'essai
est un essai immunologique.

Procédé selon larevendication 4, dans lequel I'essai
immunologique est une bande d’analyse par chro-
matographie en écoulement latéral.

Procédé selon la revendication 1, dans lequel les
deux zones de commande et de réponse sont pré-
sentes.

Procédé selon la revendication 6, dans lequel une
intensité de ligne de commande est prévue en tant
qu’une moyenne d’intensités de ligne de commande
générées a partir d’'une pluralité de lignes de com-
mande mesurées.

Procédé selon la revendication 1, dans lequel un
systéme d’imagerie pour I'acquisition de l'image
comprend un lecteur connecté a un ordinateur ou a
un réseau.

Procédé selon la revendication 1, dans lequel un
systeme d’imagerie pour I'acquisition de l'image
comprend une caméra connectée a un ordinateur
ou a un réseau.

Procédé selon la revendication 1, dans lequel un
systéme d’imagerie pour l'acquisition de l'image
comprend une caméra de téléphone mobile connec-
tée a un ordinateur ou a un réseau.

Procédé selon les revendications 8 a 10, dans lequel
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12.

13.

le systéme d’imagerie peut communiquer avec un
serveur via tout réseau disponible.

Procédé selon la revendication 1, dans lequel l'au
moins un segment de texte codé par codes-barres
comprend des parameétres d’analyse ou de recon-
naissance d’échantillons.

Systéme pour I'analyse semi-quantitative ou quan-
titative des essais, dans lequel le systéme com-
prend:

au moins un dispositif d’ordinateur étantagencé
pour exécuter des instructions de programme
fournissant les actions et fonctions pour effec-
tuer les étapes du procédé selon 'une quelcon-
que des revendications 1 a 12.
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