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Method of determining a concentration of an analyte in a bodily fluid

Technical Field

The present application refers to a method of determining a concentration of an analyte in a
bodily fluid by using a mobile device having a camera. The invention further relates to a
computer program including computer-executable instructions for performing the method,
a mobile device having a camera, the mobile device being configured for determining a
concentration of an analyte in a bodily fluid and a kit for determining a concentration of an
analyte in a bodily fluid, the kit comprising at least one mobile and at least one optical test
strip having at least one test field.

Background art

In the field of medical diagnostics, in many cases, one or more analytes have to be detected
in samples of a body fluid, such as blood, interstitial fluid, urine, saliva or other types of
body fluids. Examples of analytes to be detected are glucose, triglycerides, lactate, choles-
terol or other types of analytes typically present in these body fluids. According to the con-
centration and/or the presence of the analyte, an appropriate treatment may be chosen, if
necessary. Without narrowing the scope, the invention specifically will be described with
respect to blood glucose measurements. It shall be noted, however, that the present inven-

tion may also be used for other types of analytical measurements using test strips.

Generally, devices and methods known to the skilled person make use of test strips com-
prising one or more test chemistries, which, in presence of the analyte to be detected, are
capable of performing one or more detectable detection reactions, such as optically detect-
able detection reactions. With regard to these test chemistries, reference may be made e.g.
to J. Hoenes et al.: The Technology Behind Glucose Meters: Test Strips, Diabetes Tech-
nology & Therapeutics, Volume 10, Supplement 1, 2008, S-10 to S-26. Other types of test
chemistry are possible and may be used for performing the present invention.
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Typically, one or more optically detectable changes in the test chemistry are monitored, in
order to derive the concentration of the at least one analyte to be detected from these
changes. For detecting the at least one change of optical properties of the test field, various
types of detectors are known in the art. Thus, various types of light sources for illuminating
the test fields as well as various types of detectors are known. In general, variable lighting
conditions need to be taken into account.

Thus, for example, WO 2007/079843 A2 discloses a method for measuring a concentration
of an analyte contained in a sample of a biological fluid using a test strip and a camera.
The analyte concentration in the sample is determined based on the color values with the

aid of predefined comparative values.

US 2013/0267032 A1 describes a specimen test strip to detect a characteristic of an analyte
in a specimen sample. The specimen test strip includes a reaction area to receive the spec-
imen sample and a color calibration area to determine a color, or a color and a color inten-
sity, of the reaction area after receiving the specimen sample. The specimen test strip may
further include a temperature indication area to correct a measurement of the characteristic

of analyte.

WO 2018/166533 A1 describes example methods to improve placement of an adaptor to a
mobile computing device to measure a test strip coupled to the adaptor with a camera and a
screen on a face of the mobile computing device. The method may include displaying a
light area on a first portion of the screen. The first portion may be adjacent to the camera.
The light area and the camera may be aligned with a key area of the test strip so that the
camera is configured to capture an image of the key area. The method may further include
providing first guiding information for a user to place the adaptor to the mobile computing
device according to a position of the light area on the screen.

US 2017/0262694 Al describes an improved colorimetric analysis of liquid samples. A
sample holder is used that delivers predetermined volumes of sample individually to each
of several colorimetric test patches at the same time with a sliding action. An opaque hous-
ing is employed to prevent ambient light from reaching the test patches when color images
of the test patches are acquired. Preferably, a mobile clectronic device including a camera
is attached to the opaque housing to acquire the images. Optical microscopy can be per-

formed in addition to the colorimetric analysis.
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US 2015/0037898 A1 describes devices and methods for determining concentration of at
least one analyte in a body fluid sample such as blood, especially a blood glucose concen-
tration. In the methods, a test element is provided that has at least one reagent element con-
figured so as to carry out at least one optically detectable detection reaction in the presence
of the analyte. The body fluid sample is applied to the test element and a time course of at
least one optical measurement variable of the reagent element is detected. At least one first
time interval of the time course of the optical measurement variable is used to determine at
least one disturbance variable value in the body fluid sample, in particular a concentration
of a disturbance variable such as hematocrit. At least one second time interval of the time
course is used to determine analyte concentration. The at least one disturbance variable

value can be used to correct/compensate the analyte concentration.

EP 2 259 058 Al describes a method of measuring hematocrit value and a device for
measuring hematocrit value which can measure hematocrit value accurately. A method of
measuring hematocrit value of a blood sample in a chromogenic reaction using a chromo-
genic reagent that reacts with a blood component that is different from hemoglobin, char-
acterized by: calculating the hematocrit value of the blood sample based on an optical
characteristic al of the blood sample measured with a light A1 of at least one absorption
wavelength specific to hemoglobin and an optical characteristic a2 of the blood sample
measured with a light A2 of at least one absorption wavelength specific to a pigment gener-

ated in the chromogenic reaction.

US 2015/0241358 A1 describes an apparatus for automatic test diagnosis of a test paddle.
The apparatus comprises a personal computing device including: a camera to capture im-
ages over time of test pads of a test paddle, a processor coupled to the camera, and a dis-
play device coupled to the processor. The processor analyzes the color changes over time
of each test pad to determine a color trajectory over time for each test pad. The processor
compares the color evolution trajectory for each test pad with color calibration curves for
each test pad to determine an analyte concentration of a test biological sample, such as
urine. During the analysis by the processor, the display device displays a user interface

with results of the analyte concentration in response to the analysis over time.

Further, WO 2013/149598 A1 describes test strips and a method for reading test strips. A
specimen test strip is provided to detect a characteristic of an analyte in a specimen sample.
The test strip includes a reaction area to receive the specimen sample and a color calibra-
tion area to determine a color, or a color and a color intensity, of the reaction area after

receiving the specimen sample. The specimen test strip may further include a temperature
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indication area to correct a measurement of the characteristic of analyte. Inter alia, the doc-
ument proposes using first and second color components, wherein the multiple images are
captured. The second color component is used to determine an appropriate time to read the
first color component, and the first color component is read at that time to determine the
value of the analyte characteristic.

The known methods and devices, despite their advantages, still imply a plurality of chal-
lenges. Thus, specifically, the necessity for using customized detectors as well as the com-
plexity of the procedure and the corresponding need for resources and time is to be men-
tioned. As an example, the method disclosed by WO 2013/149598 Al generally requires
the acquisition of a series of images as well as online evaluation of these images, for trig-
gering a reading for the analyte determination. This acquisition of the series of images as
well as the online evaluation is challenging in terms of time and resources. Further, the
method generally is restricted to situations in which the second color component is inde-
pendent of the analyte concentration itself and does not address the case in which the sim-
ple reading of the second color component may not be used as a timer for triggering the
reading of the first color component and, thus, for triggering the determination of the value
of the analyte characteristic. Further, triggering the reading of the first color component by
the condition of the second color component having reached a specific value generally
leads to a high uncertainty, specifically in case the slope of the curve of the second color
component as a function of time is rather small. Thus, generally, triggering the measure-
ment of the analyte concentration by the measurement of the second color component im-

plies a plurality of technical challenges which remain to be solved.

Further, besides using customized detectors which are specifically developed for the pur-
pose of optically detecting changes in the test chemistry comprised by corresponding test
elements, recent developments aim at using widely available devices such as smartphones.
However, when consumer-clectronics devices having a camera, such as smartphones, are
employed in order to determine analyte concentrations new challenges, in particular con-

cerning the accuracy, arise.

Thus, with customized detectors, the point in time of sample application on the test strip is
usually known. The knowledge of the point in time of sample application usually facilitates
the determination of the appropriate point in time for measuring the analyte concentration.
However, methods of determining a concentration of an analyte in a bodily fluid based on
using consumer-electronics devices having a camera, such as smartphones, usually do

without such information or rely on user information of handling that may be faulty.
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Problem to be solved

It is therefore desirable to provide methods and devices for determining a concentration of
an analyte in a bodily fluid, which address the above mentioned technical challenges of
methods and devices using mobile devices such as consumer-clectronics mobile devices,
specifically multipurpose mobile devices which are not dedicated to analytical measure-
ments, such as smartphones or tablet computers.

Summary

This problem is addressed by a method of determining a concentration of an analyte in a
bodily fluid with the features of the independent claims, a computer program including
computer-executable instructions for performing the method, a mobile device having a
camera, the mobile device being configured for determining a concentration of an analyte
in a bodily fluid and a kit for determining a concentration of an analyte in a bodily fluid,
the kit comprising at least one mobile and at least one optical test strip having at least one
test field. Advantageous embodiments which might be realized in an isolated fashion or in
any arbitrary combinations are listed in the dependent claims.

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary
grammatical variations thereof are used in a non-exclusive way. Thus, these terms may
both refer to a situation in which, besides the feature introduced by these terms, no further
features are present in the entity described in this context and to a situation in which one or
more further features are present. As an example, the expressions “A has B”, “A comprises
B” and “A includes B” may both refer to a situation in which, besides B, no other element
is present in A (i.e. a situation in which A solely and exclusively consists of B) and to a
situation in which, besides B, one or more further elements are present in entity A, such as
element C, elements C and D or even further elements.

Further, it shall be noted that the terms “at lcast one”, “one or more” or similar expressions
indicating that a feature or element may be present once or more than once typically will
be used only once when introducing the respective feature or element. In the following, in
most cases, when referring to the respective feature or clement, the expressions “at least
one” or “one or more” will not be repeated, non-withstanding the fact that the respective

feature or element may be present once or more than once.
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Further, as used in the following, the terms "preferably"”, "more preferably”, "particularly”,
"more particularly”, "specifically”, "more specifically" or similar terms are used in con-
junction with optional features, without restricting alternative possibilities. Thus, features
introduced by these terms are optional features and are not intended to restrict the scope of
the claims in any way. The invention may, as the skilled person will recognize, be per-
formed by using alternative features. Similarly, features introduced by "in an embodiment
of the invention" or similar expressions are intended to be optional features, without any
restriction regarding alternative embodiments of the invention, without any restrictions
regarding the scope of the invention and without any restriction regarding the possibility of
combining the features introduced in such way with other optional or non-optional features

of the invention.

In a first aspect of the present invention a method of determining a concentration of an
analyte in a bodily fluid by using a mobile device having a camera is disclosed. The meth-
od comprises the following steps, which may specifically be performed in the given order.
Still, a different order may also be possible. It may further be possible to perform two or
more of the method steps fully or partially simultaneously. It may further be possible to
perform one or more method steps or even all of the method steps once or repeatedly. The
method may comprise additional method steps which are not listed herein. Generally, the
method of determining a concentration of an analyte in a bodily fluid by using a mobile

device having a camera comprises the following steps:

a)  prompting a user to one or more of

- apply a drop of bodily fluid to at least one test field of an optical test strip, or

- confirm an application of a drop of bodily fluid to at least one test field of an
optical test strip;

b)  waiting for a predetermined minimum amount of waiting time;

c) capturing at least one image of at least one part of the test field, with the test field
having the drop of bodily fluid applied thereto, by using the camera;

d)  determining the concentration of the analyte in the bodily fluid based on the image
captured in step c), comprising:

i)  estimating a point in time of sample application to the test field, by taking into
account at least one first item of information derived from the image captured
in step ¢) by using at least one first color channel of a color space, wherein the
first item of information is time-dependent; and

ii)  estimating the concentration of the analyte in the bodily fluid, by taking into

account at least one second item of information derived from the image by us-
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ing at least one second color channel of the color space, wherein the second

item of information is concentration-dependent.

The disclosed method of determining a concentration of an analyte in a bodily fluid by
using a mobile device having a camera comprising the steps just described may also be

referred to as the method of determining a concentration of an analyte in a bodily fluid.

The term “analyte” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to arbitrary
chemical or biological substance or species, such as a molecule or a chemical compound,

e.g. glucose, triglycerides, lactate or cholesterol.

The term “determining a concentration of an analyte”, which may also be referred to as an
analytical measurement, as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term may specifically refer, without limitation, to a quali-
tative and/or quantitative determination of at least one analyte in a sample. The result of
the analytical measurement, as an example, may be the concentration of the analyte and/or
the presence or absence of the analyte to be determined. blood, interstitial fluid, urine, sali-
va or the like.

The term “bodily fluid” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term may specifically refer, without limitation, to a liquid
sample comprising at least one bodily fluid, such as blood, interstitial fluid, urine, saliva or
the like.

The term “mobile device” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term may specifically refer, without limitation, to a mo-
bile electronics device, more specifically to a mobile communication device such as a cell
phone or smartphone. Additionally or alternatively, as will be outlined in further detail
below, the mobile device may also refer to a tablet computer or another type of portable

computer having at least one camera.



10

20

25

30

35

WO 2020/109525 PCT/EP2019/083015

_8-

The term “camera” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term may specifically refer, without limitation, to a device
configured for recording spatially resolved optical data, such as one or more images. The
camera specifically may comprise one or more camera chips are imaging devices, such as
one or more CCD and/or CMOS chips. The camera generally may comprise a one-
dimensional or two-dimensional array of image sensors, such as pixels. As an example, the
camera may comprise at least 10 pixels in at least one dimension, such as at least 10 pixels
in each dimension. It shall be noted, however, that other cameras are also feasible. The
invention specifically shall be applicable to cameras as usually used in mobile applications
such as notebook computers, tablets or, specifically, cell phones such as smart phones.
Thus, specifically, the camera may be part of a mobile device which, besides the at least
one camera, comprises one or more data processing devices such as one or more data pro-
cessors. Other cameras, however, are feasible. The camera, besides at least one camera
chip or imaging chip, may comprise further elements, such as one or more optical ele-
ments, e.g. one or more lenses. As an example, the camera may be a fix-focus camera, hav-
ing at least one lens which is fixedly adjusted with respect to the camera. Alternatively,
however, the camera may also comprise one or more variable lenses which may be adjust-

ed, automatically or manually.

The term “drop” as used herein is a broad term and is to be given its ordinary and custom-
ary meaning to a person of ordinary skill in the art and is not to be limited to a special or
customized meaning. The term may specifically refer, without limitation, to an amount of
liquid, such as the bodily fluid, such as a coherent amount of the bodily fluid. The term
specifically may refer to a small amount or a small volume of liquid, such as a volume in
the range of 0.5 microliter to several microliter. Thus, the drop may in particular be suited
to wet or moisten the test field of the optical test strip such that a detection reaction may
take place. The “drop of bodily fluid” may also be referred to as the “sample of bodily flu-
id” or simply as the “sample”. Thus, the application of the drop of bodily fluid to the test
field may also be referred to as the application of the sample or simply as the sample appli-

cation.

The term “test field” is a broad term and is to be given its ordinary and customary meaning
to a person of ordinary skill in the art and is not to be limited to a special or customized
meaning. The term may specifically refer, without limitation, to a coherent amount of at
least one test chemical, such as to an area, e.g. an area of round, polygonal or rectangular

shape, having one or more layers of material, with at least one layer of the test field having
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the test chemical comprised therein. Other layers may be present in the test field, providing
specific optical properties such as reflective properties, providing spreading properties for
spreading the sample or providing separation properties such as for separating off particu-
late components of the sample, such as cellular components. The at least one image of the
at least one part of the test field is captured in step c¢), wherein the test field has the drop of
bodily fluid applied thereto. Thus, the at least one part of the test field specifically may
have the drop of bodily fluid applied thereto. Specifically, the at least one part of the test
field may be fully or at least partially be covered by the drop of bodily fluid. Thus, specifi-
cally, the at least one image of at least one part of the test field specifically may contain at
least one part of the test field which contains at least part of the drop of the bodily fluid,
such as at least one part of the test field wetted by the drop of the bodily fluid.

The test field is comprised by the optical test strip. The term “optical test strip” as used
herein is a broad term and is to be given its ordinary and customary meaning to a person of
ordinary skill in the art and is not to be limited to a special or customized meaning. The
term may specifically refer, without limitation, to an arbitrary element or device configured
for detecting the analyte or determining the concentration of the analyte in a liquid sample,
such as in the drop of bodily fluid, specifically in the sense of the definition given above.
The optical test strip, which may also be referred to as test strip or test element, as an ex-
ample, may comprise at least one substrate, such as at least one carrier, with the at least
one test field applied thereto or integrated therein. As an example, the at least one carrier
may be strip-shaped. These test strips are generally widely in use and available. One test
strip may carry a single test ficld or a plurality of test fields having identical or different
test chemicals comprised therein. The optical test strip, in particular the test field compris-
ing the test chemical, may specifically undergo a detection reaction, particularly a colora-
tion reaction, in the presence of the at least one analyte, specifically a coloration reaction,
wherein the color formation may be related, e.g. proportional to, the concentration of the
analyte. Since the presence, the absence and/or the concentration of the analyte may be
detectable by the detection reaction, the detection reaction may also be referred to as ana-
lyte detection reaction. Some basic principles on test elements and reagents that may also
be used within the scope of the present invention are described e.g. in J. Hones et al.; Dia-
betes Technology and Therapeutics, Vol. 10, Supplement 1, 2008, pp.10-26.

The term “predetermined minimum amount of waiting time” as used herein is a broad term
and is to be given its ordinary and customary meaning to a person of ordinary skill in the
art and is not to be limited to a special or customized meaning. The term specifically may

refer, without limitation, to an amount of time that separates two actions or events. The
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term specifically may refer to a time span, which passes between steps a) and c), wherein
the amount of time is predetermined. Specifically, the amount of time may be predeter-
mined by storing a value for the amount of time in a volatile or non-volatile data storage of
the mobile device, e.g. before performing step a), and by making use of this stored value
when performing step b). The predetermined minimum amount of waiting time may be
useful, necessary or required to allow termination or maturation of a process or action,
such as the coloration reaction, that may have been started or induced at the beginning of
the waiting time e.g. by a specific action or an event, such as the application of the drop of
bodily fluid. In particular, the waiting time may allow the coloration reaction to terminate,
mature or reach a state, e.g. a steady state, suitable for deriving the analyte concentration in

one or several further steps.

The term “image” as used herein is a broad term and is to be given its ordinary and cus-
tomary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term may specifically refer, without limitation, to data or in-
formation recorded by using the camera, such as a plurality of electronic readings from the
imaging device, such as the pixels of the camera chip. Thus, as an example, the image may
comprise a one-dimensional or two-dimensional array of data. The image itself, thus, may
comprise pixels, the pixels of the image, as an example, correlating to pixels of the camera
chip. Consequently, when referring to “pixels”, reference is either made to the units of im-
age information generated by the single pixels of the camera chip or to the single pixels of
the camera chip directly.

The term “point in time” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term specifically may refer, without limitation, to an ab-
solute point in time, such as a point in time as defined or definable by the time of day, or to
a time period or time span. Specifically, the point in time and the time span may be related
or connected to one another, specifically convertible or transferable into one another, via at
least one reference point in time. Thus, the time span may begin with the point in time and
end with the reference point in time. In particular, the reference point in time may be the
point in time when the at least one image is captured of the at least one part of the test
field, with the test field having the drop of bodily fluid applied thereto and the point in time
estimated in step 1) may be the point in time of sample application to the test field or the
time span between the sample application and the point in time when the image is cap-
tured.
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The term “color space” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term may specifically refer, without limitation, to an arbi-
trary coordinate system by which a color of an object, such as a color of a test field or a
color of an image recorded by a camera, may be characterized, such as mathematically or
physically. Various color coordinate systems are generally known to the skilled person,
such as color coordinate systems defined by the CIE (Commission internationale de
I'éclairage). Color coordinate systems other than those defined by the CIE are also feasible.
The color coordinates, in their entirety, may span or define the color space, such as by de-
fining three or four basis vectors. Thus, when the camera captures an image of an object, a
value for each color coordinate is generated by the camera for each pixel. As an example,
the camera chip may contain color sensors recording values for each color, such as triples
like RGB (Red Green Blue) and L*a*b or quadruples like CMYK (cyan, magenta, yellow,
key), wherein the values are dependent on the sensitivity of the camera chip. Without nar-
rowing the scope, the invention will be specifically described with respect to the RGB col-
or space. It shall be noted, however, that using other color spaces, such as those named
above as well as further color spaces, is feasible.

The term “color channel” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term may specifically refer, without limitation, to a spe-
cific color coordinate of a color space or to one or several values, e.g. numerical values, of
a specific color coordinate, wherein the value was generated for a specific image in a spe-
cific color space. The value of the color coordinate may also be referred to as an intensity
of the color channel. Generally, the image may be generated, represented or stored using a
specific color space, e.g. the RGB color space, the La*b* color space, the CMYK color
space or other color spaces. In case of using the RGB color space, for example, the color
channel may be the red color coordinate, the green color coordinate or the blue color coor-
dinate, which may also be referred to as the red color channel, the green color channel or
the blue color channel. Additionally or alternatively, the color channel may be the value of
the red color coordinate, the green color coordinate or the blue color coordinate, wherein
the value may have been generated for at least one pixel of a specific image, particularly

for one specific pixel or a plurality of pixels, such as a subset of the pixels of the image.

In particular, the first color channel and the second color channel may be different color
channels of the same color space. Specifically, the first color channel may be or may com-
prise the blue color channel of the RGB color space. Furthermore, the second color channel



10

20

25

30

35

WO 2020/109525 PCT/EP2019/083015

-12 -

may be or may comprise at least one of: the red color channel of the RGB color space and
the green color channel of the RGB color space. One specific color channel, such as the
blue color channel, may refer to color coordinates of different wavelength depending on
the specific color space used. As an example, the blue color channel may represent light of
a wavelength of 435,8 nm as may be commonly used in the CIE RGB color space, or it
may represent light of a wavelength of 450 nm as may be commonly used in the Adobe-
Wide-Gamut RGB color space, or of further wavelengths.

The term “item of information™ as used herein is a broad term and is to be given its ordi-
nary and customary meaning to a person of ordinary skill in the art and is not to be limited
to a special or customized meaning. The term may specifically refer, without limitation, to
an arbitrary item of information, e.g. one or more numerical values, which quantify at least
one property, quality, feature or characteristic of an object, ¢.g. the image. Thus, the item
of information may comprise information concerning one or several color channels of the
color space used for the image and may thereby be derived from the image. Specifically,
the item of information may comprise, may be based on or may be derived from one or
several numerical values of one specific color channel, wherein the numerical values de-
scribe one or a plurality of pixels of the image, in particular when the image is represented
or stored using a specific color space. These numerical values may by themselves be the
item of information. Alternatively, the item of information may comprise further infor-
mation, such as further numerical values. Specifically, the item of information may com-
prise a result of a calculation, wherein these numerical values and, optionally, further nu-
merical values enter the calculation. The numerical values of the color channel pertaining
to the image may for example be normalized using further numerical values of the same
color channel pertaining to a further image. Thus, the item of information may be or may
comprise a mean value or an average value of one specific color channel for the part of the
test field having the drop of bodily fluid applied thereto. Said mean value or said average
value may be set in relation to one or more further mean or average values of the same
specific color channel for the same or one or more further parts of the optical test strip with
or without having the drop of bodily fluid applied thereto.

The minimum amount of waiting time may be determined by using a method selected from

the group consisting of:

- a time span is chosen for the minimum amount of waiting time, wherein the time
span is known to be sufficient for a detection reaction in the test field for samples
having a concentration of the analyte within a predetermined concentration range to

have reached a steady state;
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- a predetermined time span is chosen for the minimum amount of waiting time, spe-
cifically a time span of 1 s to 60 s, specifically 5 s to 40 s, more specifically 13 s to
30 s, most specifically 15 s to 25 s;

- a time span confirmed by the user in step a) is chosen for the minimum amount of

waiting time.

The term “steady state” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a spe-
cial or customized meaning. The term may specifically refer, without limitation, to a state
or condition in which at least one property characteristic of that state or condition remains
constant or changes only in a marginal fashion at least within a specific time span. This
property may in particular be the second item of information. Thus, the detection reaction
may be classified as having reached a steady state, if at least one numerical value derived
from the detection reaction, directly or indirectly, such as via one or more images of the
test field with the sample applied, such as the second item of information, remains constant
and/or changes only by a value of 5 % or less, such as 0 % to 5 %, specifically 0 % to 3%,
more specifically 0 % to 2 %, e.g. within a time span of 0.5 s to 30 s, specifically 1 s to 15
s, more specifically 2 s to 5 s. The second item of information may be time-dependent,
specifically regarding the time span elapsed since the application of the bodily fluid to the
test field, wherein the time-dependency may decrease with the time. Thus, the second item
of information may be independent of time and remain constant or change only in a mar-
ginal fashion when the detection reaction has reached a steady state. When the detection
reaction has reached a steady state, the detection reaction may also be referred to as com-
pleted.

The first item of information is time-dependent, preferably essentially time-dependent, in
particular regarding the time span elapsed since the application of the bodily fluid to the
test field. Thus, as an example, the first item of information may change by at least 20 %
per second in at least one time interval of at least one second within the first 30 seconds
after application of the bodily fluid. The first item of information is time-dependent and
may continue to change with time when the detection reaction has reached a steady state.
Thus, when the detection reaction has reached a steady state the first item of information
may continue to change with time while the second item of information may assume a con-
stant value, e.g. a plateau value, or may change only in a marginal fashion, specifically for
analyte concentrations within a predetermined range of relevant analyte concentrations.
The analyte may specifically be glucose. For a blood glucose measurement, the predeter-
mined range of relevant analyte concentrations may specifically be 1 mg/dl to 1000 mg/dl,
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more specifically 5 mg/dl to 600 mg/dl, most specifically 25 mg/dl to 300 mg/dl. A tem-
poral course of the first item of information and a temporal course of the second item of
information may differ. Specifically, both the first item of information and the second item
of information may change during a first period of the detection reaction during which the
detection reaction has not yet reached a steady state. Thus, both the first and the second
item of information may be time-dependent during the first period. A second period of the
detection reaction may follow the first period, wherein the detection reaction may have
reached a steady state during the second period. While the first item of information may
continue to be time-dependent during the second period, the second item of information
may be essentially independent of time during the second period.

The first item of information may furthermore be concentration-dependent regarding the
analyte. The first item of information may specifically be or comprise the intensity of the
first color channel. In particular, the first item of information may specifically be or com-
prise the intensity of the blue color channel.

The second item of information is concentration-dependent, preferably essentially concen-
tration-dependent, specifically regarding the analyte concentration. The second item of
information may furthermore be time-dependent, specifically regarding the time span
elapsed since the application of the bodily fluid to the test field, wherein the time-
dependency may decrease with the time. In particular, the time-dependency of the second
item of information may decrease with time, such that after the detection reaction has been
completed, the second item of information may be essentially independent of time. By con-
trast, the first item of information may be time-dependent beyond the completion of the
detection reaction. The term “essentially independent of time” as used herein is a broad
term and is to be given its ordinary and customary meaning to a person of ordinary skill in
the art and is not to be limited to a special or customized meaning. The term may specifi-
cally refer, without limitation, to a quantity, an item or a value that may be constant or al-
most constant at least within a specific time span or from a specific point in time onward,
¢.g. within a specific time-span starting with the completion of the detection reaction or
from the completion of the detection reaction onward. Thus the quantity, the item or the
value may be constant and/or it may change only by a value of 5 % or less, e.g. 0 % to 5 %,
specifically by a value of 3 % or less, e.g. 0 % to 3%, more specifically by a value of 2 %
or less, e.g. 0 % to 2 %, at least within the specific time span or from the specific point in
time onward. The specific time-span, within which the quantity, the item or the value, par-
ticularly the second item of information, may be essentially independent of time, may in
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particular be a time-span of 10 sec to 60 min, specifically 20 sec to 30 min, more specifi-
cally 30 sec to 10 min.

Thus, the first item of information is time-dependent, wherein the first item of information
may be time-dependent beyond the completion of the analyte detection reaction. Further,
the second item of information may be time-dependent, wherein the time-dependency may
decrease with time, such that after the completion of the analyte detection reaction the sec-

ond item of information may be essentially independent of time.

The second item of information may specifically be or comprise the intensity of the second
color channel. In particular, the second item of information may be or comprise the intensi-

ty of at least one of: the red color channel; the green color channel.

The estimated analyte concentration in step ii) may be determined by determining, specifi-
cally computing, the concentration of the analyte corresponding to the second item of in-
formation by means of a correlation between the analyte concentration and the second item
of information and by using an assumed time span elapsed since the application of the bod-
ily fluid to the test field. In particular, the correlation may be, may comprise or may be
represented or representable by a curve, a function, a relationship and/or a lookup table.
The curve, the function, the relationship and/or the lookup table may be predetermined or
determinable. The assumed time span elapsed since the application may be selected from
the group consisting of: a predetermined time span, specifically a predetermined time span
of 10 s to 40 s, more specifically of 15 s to 30 s, more specifically of 20 s; the minimum
amount of waiting time; a time span to be specified by the user. The estimating of the con-
centration of the analyte in the bodily fluid in step ii) may further take into account the
point in time of sample application estimated in step i) and, optionally, the predetermined

minimum amount of waiting time.

The method of determining a concentration of an analyte in a bodily fluid may further

comprise step e):

e)  arefining step, comprising one or both of:
- assessing a plausibility of the estimated analyte concentration determined in
step ii) by means of the first item of information;
- improving an accuracy of the estimated analyte concentration determined in

step i1) by means of the first item of information.
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The refining step may, in particular, be performed in an iterative manner, e.g. with one,
two, three or more iterations, e.g. with at least one iteration. The second item of infor-
mation may be time-dependent. Further, in step ii), the concentration of the analyte in the
bodily fluid may be estimated by using the assumed time span elapsed since the application
of the bodily fluid to the test field. The first item of information, in addition to being time-
dependent, may additionally be dependent on the analyte concentration. In step e), the de-
pendency of the first item of information on the concentration may be eliminated by as-
suming the concentration of the analyte in the bodily fluid estimated in step ii). Thereby,
by making use of the first item of information and, optionally, other information, a proba-
ble time span elapsed since the application of the bodily fluid to the test field may be de-
rived. Further, the probable time span elapsed since the application of the bodily fluid to
the test field may be compared with the assumed time span elapsed since the application of
the bodily fluid to the test field.

Further, the probable time span elapsed since the application of the bodily fluid to the test
field may be compared with the assumed time span elapsed since the application of the
bodily fluid to the test field.

The concentration of the analyte in the bodily fluid may further be re-estimated by per-
forming step ii) and by using the probable time span as the assumed time span in step ii).
The re-estimating may in particular be performed iteratively.

Step ¢) may specifically comprise applying a correction to the estimated analyte concentra-
tion. Thus, as an example, the refining step ¢) may comprise correcting the estimated ana-

lyte concentration determined in step ii).

The correction may specifically comprise one or both of applying a correction factor to the
estimated analyte concentration and applying an offset to the estimated analyte concentra-
tion. Thus, as an example, the estimated analyte concentration may be corrected by using a
mathematical operation on the estimated analyte concentration, such as by one or more of
multiplying, dividing, adding and subtracting the estimated analyte concentration, ¢.g. with
a corresponding number and/or value. The correction factor and/or the offset, such as the
number and/or value of the correction factor and/or the offset, may specifically be prede-
fined and/or predetermined.

Specifically, the correction may take into account the assumed time span, such as the as-
sumed time span elapsed since the application of the bodily fluid to the test field. In partic-
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ular, the correction applied to the estimated analyte concentration may be time dependent,
e¢.g. by taking into account the assumed time span. As an example, the correction factor
and/or the offset applied to the estimated analyte concentration may be time dependent.

The correction to the estimated analyte concentration may be a function of a time variable.
In particular, the time variable may characterize the time span elapsed between the applica-
tion of the drop of bodily fluid to the test field and the capturing of the image of the test
field with the test field having the drop of bodily fluid applied thereto. The term “time var-
iable” as used herein is a broad term and is to be given its ordinary and customary meaning
to a person of ordinary skill in the art and is not to be limited to a special or customized
meaning. The term specifically may refer, without limitation, to an arbitrary parameter
configured for indicating a progression of time, e.g. indicating an advance and/or an elapse
of time. Thus, the term “function of a time variable” as used herein, may specifically refer,

without limitation, to an arbitrary operation depending on at least the time variable.

As an example, the time variable may be selected from the group consisting of: a probable
time span elapsed since the application of the bodily fluid to the test field from the first
item of information, the probable time span being determined by using the first item of
information on the concentration; a difference between the assumed time span and a prob-
able time span elapsed since the application of the bodily fluid to the test field from the
first item of information, the probable time span being determined by using the first item of
information on the concentration; the point in time of sample application to the test field as
estimated in step i).

The correction to the estimated analyte concentration may further take into account one or
both of the concentration of the analyte in the bodily fluid as estimated in step ii) and the
first item of information. Thus, at least one of the first item of information derived from the
image captured in step c¢) and the concentration of the analyte estimated in step ii) may be

taken into account when correcting the estimated analyte concentration.

The correction may specifically be or may comprise one of:

- a continuous function of the time variable;

- a step function of the time variable, the step function having a first constant value for
at least one first range of the time variable and having at least one second constant
value for at least a second range of the time variable; and

- a function defined differently in at least two different sections of the time variable
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The correction may be or may comprise a continuous function of the time variable, such as
a continuous time dependent function. Thus, the estimated analyte concentration may be
corrected by applying a continuous function of the time variable to the estimated analyte

concentration.

The correction may be or may comprise a step function of the time variable. Thus, the es-
timated analyte concentration may be corrected by applying a step function having a first
constant value for at least one first range of the time variable and having at least one sec-
ond constant value for at least a second range of the time variable. In particular, the esti-
mated analyte concentration may be corrected by, in a first range, e.g. in a first time span,
applying a first constant value to the concentration and, in a second range, e.g. in a second
time span for example different from the first time span, applying a second constant value
to the concentration. Thus, as an example, in a first range of the time variable, such as in
the first time span, the first constant value may be used for correcting the estimated analyte
concentration, wherein in a second range of the time variable, such as in the second time
span, the second constant value may be used for correcting the estimated analyte concen-

tration.

The correction may be or may comprise a function defined differently in at least two dif-
ferent sections of the time variable. Thus, the estimated analyte concentration may be cor-
rected by applying a function defined differently in at least two different sections of the
time variable, such as a function defined differently in at least one first range of the time
variable, e.g. in a first time span, and in at least one second range of the time variable, e.g.
in a second time span. As an example, for correcting the estimated analyte concentration,
in a first range of the time variable, such as in the first time span, a first function may be
applied to the estimated analyte concentration and in a second range of the time variable,
such as in the second time span, a second function may be applied to the estimated analyte
concentration, wherein the first function differs from the second function.

As an example, applying the correction to the estimated analyte concentration may specifi-
cally be beneficial for high and/or dynamic measurement errors. As an example, the cor-
rection of the estimated analyte concentration may be applied in case the time span elapsed

t may be one or more of: t < 12 s, specifically 5 s <t <12s.

Step e) may further comprise at least one of the following options:
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o) selecting at least one correlation from a predetermined set of correlations, wherein
each correlation describes a relationship between the first item of information and the
analyte concentration for a specific time span elapsed since the application of the
bodily fluid to the test field;

B) selecting at least one correlation from a predetermined set of correlations, wherein
each correlation describes a relationship between the first item of information and the
time elapsed since the application of the bodily fluid to the test field for a specific

analyte concentration.

In particular, the correlation may be, may comprise or may be represented or representable
by a curve, e.g. a straight line, a function, a relationship and/or a lookup table. The curve,
the function, the relationship and/or the lookup table may be predetermined or determina-
ble. Particularly, in step ) option o) may be chosen and the correlation may be selected
according to the assumed time span elapsed since the application. Furthermore, additional-
ly or alternatively option ) may be chosen in step e) and the correlation may be selected
from the set of correlations according to the estimated analyte concentration determined in

step ii).

Step ¢) may further comprise determining an expected first item of information corre-
sponding to the estimated analyte concentration determined in step ii), specifically corre-
sponding to the estimated analyte concentration determined by means of the correlation
selected in step e). In particular, the expected first item of information may be determined,
specifically calculated, from the correlation selected in step e) by using the estimated ana-
lyte concentration determined in step ii) and the assumed time span. Attention may be
drawn to the differences between the first item of information derived from the image by
using the first color channel and the expected first item of information which may be de-
termined by using the estimated analyte concentration determined in step ii) and the as-
sumed time span. Since the estimated analyte concentration takes into account the second
item of information, the expected first item of information may take into the second item of

information and may be independent of the first item of information.

From a comparison of the first item of information derived from the image by using the
first color channel with the expected first item of information at least one conclusion may
be drawn on the accuracy of the assumed time span and/or on the estimated analyte con-
centration determined in step ii). In particular, step e) may comprise comparing the ex-
pected first item of information to the first item of information derived in step i) from the

image captured in step c). In particular, the comparing may comprise forming a difference
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between the expected first item of information and the first item of information derived in
step i) from the image captured in step c). The estimated analyte concentration determined
in step d) may be classified as plausible if a difference between the expected first item of
information and the first item of information derived in step i) is equal to or smaller than a
predetermined threshold value, wherein the estimated analyte concentration determined in
step d) is classified as implausible if the difference between the computed value of the first
item of information and the first item of information of the image captured in step c) is
greater than the predetermined threshold value. In particular the threshold value may have
a value from 0.5 s to 20 s, specifically 1 s to 10 s, more specifically 1 s to 5 s. Further, in
case that the estimated analyte concentration is classified as implausible, a further estimat-
ed analyte concentration may be determined using a probable time span elapsed since the
application of the bodily fluid to the test field. In particular, the probable time span may be
chosen to be greater than the assumed time span if the expected first item of information is
smaller than the first item of information derived in step ii), wherein the probable time
span is chosen to be smaller than the assumed time span if the expected first item of infor-
mation is greater than the first item of information derived in step ii). The difference be-
tween the probable time span and the assumed time span may be chosen to be proportional
to the difference between the expected first item of information and the first item of infor-
mation derived in step ii) from the image captured in step c).

Furthermore, the method may be repeated in an iterative manner, e.g. with at least one iter-
ation, in particular the accuracy of the estimated analyte concentration determined in step

ii) may be improve, until the estimated analyte concentration is classified as plausible.

The method may further comprise capturing at least one dry image of the at least one part
of the test field, with the test field not having the drop of bodily fluid applied thereto, by
using the camera. Furthermore, step d) may comprise deriving at least one item of refer-
ence information from at least one reference part of the optical test strip outside the test
field. In particular, the reference part may be devoid of any sample. Further, the item of
reference information may be derived with or without the test field having the drop of bod-
ily fluid applied thereto. Specifically, one or both of steps 1) or ii) may be performed by
taking into account one or both of: at least one item of dry information derived from the

dry image; the at least one reference information.

Thus, the second item of information may specifically comprise a quotient comprising a
numerator and a denominator, wherein the numerator may comprise the intensity of the

second color channel of the image of the test field having the drop of bodily fluid applied
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thereto and wherein the denominator may comprise at least one element selected from the
group consisting of: the item of dry information, specifically the intensity of the second
color channel of the dry image of the at least one part of the test field without the bodily
fluid applied thereto; the reference information, specifically the intensity of the second
color channel of the image of at least one reference part of the optical test strip outside the
test field. Particularly, the image with the test field having the drop of bodily fluid applied
thereto and the dry image may be captured with a time lag but under similar, specifically
identical, conditions. In particular, the same test strip may be imaged several times, e.g.
twice, in different states, e.g. with and without bodily fluid applied thereto. Alternatively,
at least two different optical test strips may be used. As a further alternative, the dry image
and the image with the test ficld having the drop of bodily fluid applied thereto may be
captured simultaneously, e.g. in one image, by using two different test strips.

Furthermore, the reference information, specifically the intensity of the second color chan-
nel of the image of at least one reference part of the optical test strip outside the test field,
may be acquired simultaneously with the image with the test field having the drop of bodi-
ly fluid applied thereto or in a subsequent fashion. In both cases either the same or two
different optical test strips may be used.

Thus, the second item of information may be or may comprise a first quotient comprising a
first numerator and a first denominator, as well as a second quotient comprising a second
numerator and a second denominator, wherein the first quotient may be divided by the sec-
ond quotient. In particular, each numerator and each denominator may comprise a mean or
an average value of the same specific color channel, e.g. the red color channel. The mean
or average values may represent or be derived from different areas of the same image
and/or regarding the same areas of different images, which may be taken at different points
in time, such as before sample application and after the predetermined minimum amount of
waiting time. Specifically the first numerator may comprise said mean or average value of
the image of the part of the test field with the having the drop of bodily fluid applied there-
to, said image being captured in step ¢). The first denominator may comprise said mean or
average value of the image of the reference part, wherein the image is acquired after the
predetermined minimum amount of waiting time, e.g. as part of the image captured in step
¢). The second numerator may comprise the mean or average value of the dry image of the
at least one part of the test field, with the test field not having the drop of bodily fluid ap-
plied thereto. Herein, the part of the dry test field and the part of the test field with the
sample applied may be the same or may be different. The second denominator may com-



10

20

25

30

35

WO 2020/109525 PCT/EP2019/083015

-22 -

prise the mean or average value of the image of the reference part, wherein the image is
acquired before the sample is applied to the test field, e.g. as part of the dry image.

Additionally or alternatively, the second item of information may be or may comprise only
one quotient. The numerator and the denominator may comprise a mean or an average val-
ue of the same specific color channel, e.g. the red color channel, wherein the mean or aver-
age values may represent or be derived from the same area of one particular test strip, pic-
tured at different points in time, such as before sample application and after the predeter-
mined minimum amount of waiting time. Alternatively, the mean or average values may
represent or be derived from the same area of at least two different test strips, pictured
simultaneously or at different points in time, one with and the other without sample ap-
plied. Particularly, the numerator may comprise the mean or average value of the image of
the part of the test field having the drop of bodily fluid applied thereto and the denominator
may comprise the mean or average value of the image of the part of the test field without
having the drop of bodily fluid applied thereto.

Furthermore, in step c) at least two images may be captured. Specifically, the capturing of
the at least two images may take place within a predetermined time frame. The predeter-
mined time frame may, in particular, have a maximum duration of 0.5 s to 20 s, specifical-
ly of 1 s to 10 s, more specifically of 1 s to 5 s, more specifically of 2 s or less. Specifical-
ly, the first items of information of the at least two images may be different. Further, the
second items of information of the at least two images may be similar or identical. In par-
ticular, the method may comprise step f), wherein step f) may particularly be carried out
between step ¢) and step d):

f)  comparing the second items of information of the at least two images.

In particular, step d) may be carried out if the second items of information of the at least
two images are essentially identical, specifically if a difference between the second items
of information may be smaller than a predetermined threshold value, wherein the method is
aborted if the second items of information of the at least two images are different, specifi-
cally if the difference is equal to or above the predetermined threshold value. Further, the
first items of information of the at least two images may also be compared, e.g. in step f) or
in a further step.

In a further aspect of the present invention, a mobile device having a camera is disclosed,

the mobile device being configured for determining a concentration of an analyte in a bodi-
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ly fluid by using the following steps, which may specifically be performed in the given
order. Still, a different order may also be possible. It may further be possible to perform
two or more of the steps fully or partially simultaneously. It may further be possible to
perform one or more steps or even all of the method steps once or repeatedly. Further, the
mobile device may be configured to perform additional steps, which are not listed herein.
Generally, the steps are as follows:

A) prompting a user to one or more of:

- apply a drop of bodily fluid to at least one test field of an optical test strip, or

- confirm an application of a drop of bodily fluid to at least one test field of an
optical test strip;

B) prompting the user to wait for a predetermined minimum amount of waiting time;

C) capturing at least one image of at least one part of the test field, with the test field
having the drop of bodily fluid applied thereto, by using the camera;

D) determining the concentration of the analyte in the bodily fluid based on the image
captured in step c), comprising:

L estimating a point in time of sample application to the test field by taking into
account at least one first item of information derived from the image captured
in step c) by using at least one first color channel of a color space, wherein the
first item of information is time-dependent; and

II.  estimating the concentration of the analyte in the bodily fluid, by taking into
account at least one second item of information derived from the image by us-
ing at least one second color channel of the color space, wherein the second

item of information is concentration-dependent.

Regarding possible terms and definitions, reference may again be made to the disclosure of
the method of determining a concentration of an analyte in a bodily fluid as given above or
as given further below. The mobile device may in particular be configured for determining
a concentration of an analyte in a bodily fluid by using the method of determining a con-
centration of an analyte in a bodily fluid as given above. In particular, the first item of in-
formation may be preferably essentially time-dependent, specifically regarding the time
span elapsed since the application of the bodily fluid to the test ficld. Further, the second
item of information may be preferably essentially concentration dependent regarding the
analyte concentration.

In a further aspect of the present invention, a kit for determining a concentration of an ana-

lyte in a bodily fluid, is disclosed, the kit comprising:
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- at least one mobile device having at least one camera, wherein the mobile device is
configured for determining a concentration of an analyte in a bodily fluid; and
- at least one optical test strip having at least one test field.

In particular, the mobile device may be or may comprise a mobile device as described
above. For possible definitions and embodiments reference may again be made to the de-
scription of the method of determining the concentration of the analyte as well as to the
computer program including computer-executable instructions for performing the method
of determining a concentration of an analyte in a bodily fluid as described above or as de-
scribed further below.

The term “kit” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term may specifically refer, without limitation, to an assembly of a
plurality of components, wherein each component may function and may be handled inde-

pendently, wherein the components of the kit may interact to perform a common function.

In a further aspect of the present invention, a computer program, specifically a smart phone
app, including computer-executable instructions for performing the method of determining
a concentration of an analyte in a bodily fluid using the camera is disclosed. The computer
program is configured for performing the method of determining a concentration of an
analyte as described above or as further described below, when the program is executed on
a computer or computer network, specifically on a processor of a mobile device having at
least one camera. Thus, specifically regarding possible definitions and embodiments, refer-
ence may be made to the description of the method of determining a concentration of the
analyte as disclosed above or as further disclosed below. The computer program including
computer-executable instructions for performing the method of determining a concentra-
tion of an analyte in a bodily fluid may specifically be configured for performing one or
more, specifically all, of the method steps a) to d) disclosed above, which may specifically
be performed in the given order. Still, a different order may also be possible. It may further
be possible to perform two or more of the method steps fully or partially simultaneously. It
may further be possible to perform one or more method steps or even all of the method
steps once or repeatedly. The method may comprise additional method steps which are not
listed herein.

Further disclosed and proposed herein is a computer program including computer-
executable instructions for performing the method according to the present invention in
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one or more of the embodiments enclosed herein when the program is executed on a com-
puter or computer network. Specifically, the computer program may be stored on a com-
puter-readable data carrier. Thus, specifically, one, more than one or even all of method
steps a) to d) as indicated above, as well as optionally step e) and/or f), may be performed

by using a computer or a computer network, preferably by using a computer program.

Further disclosed and proposed herein is a computer program product having program code
means, in order to perform the method according to the present invention in one or more of
the embodiments enclosed herein when the program is executed on a computer or comput-
er network. Specifically, the program code means may be stored on a computer-readable

data carrier.

Further disclosed and proposed herein is a data carrier having a data structure stored there-
on, which, after loading into a computer or computer network, such as into a working
memory or main memory of the computer or computer network, may execute the method

according to one or more of the embodiments disclosed herein.

Further disclosed and proposed herein is a computer program product with program code
means stored on a machine-readable carrier, in order to perform the method according to
one or more of the embodiments disclosed herein, when the program is executed on a
computer or computer network. As used herein, a computer program product refers to the
program as a tradable product. The product may generally exist in an arbitrary format, such
as in a paper format, or on a computer-readable data carrier. Specifically, the computer

program product may be distributed over a data network.

Finally, disclosed and proposed herein is a modulated data signal which contains instruc-
tions readable by a computer system or computer network, for performing the method ac-

cording to one or more of the embodiments disclosed herein.

Referring to the computer-implemented aspects of the invention, one or more of the meth-
od steps or even all of the method steps of the method according to one or more of the em-
bodiments disclosed herein may be performed by using a computer or computer network.
Thus, generally, any of the method steps including provision and/or manipulation of data
may be performed by using a computer or computer network. Generally, these method
steps may include any of the method steps, typically except for method steps requiring
manual work, such as providing the samples and/or certain aspects of performing the actual

measurements.
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Specifically, further disclosed herein are:

- a computer or computer network comprising at least one processor, wherein the pro-
cessor is adapted to perform the method according to one of the embodiments de-
scribed in this description,

- a computer loadable data structure that is adapted to perform the method according to
one of the embodiments described in this description while the data structure is being
executed on a computer,

- a computer program, wherein the computer program is adapted to perform the meth-
od according to one of the embodiments described in this description while the pro-
gram is being executed on a computer,

- a computer program comprising program means for performing the method accord-
ing to one of the embodiments described in this description while the computer pro-
gram is being executed on a computer or on a computer network,

- a computer program comprising program means according to the preceding embodi-
ment, wherein the program means are stored on a storage medium readable to a com-
puter,

- a storage medium, wherein a data structure is stored on the storage medium and
wherein the data structure is adapted to perform the method according to one of the
embodiments described in this description after having been loaded into a main
and/or working storage of a computer or of a computer network, and

- a computer program product having program code means, wherein the program code
means can be stored or are stored on a storage medium, for performing the method
according to one of the embodiments described in this description, if the program

code means are executed on a computer or on a computer network.

The method of determining the concentration of the analyte in a bodily fluid, the computer
program and the kit disclosed herein provide numerous advantages over methods, comput-

er programs and kits of similar kind known in the art.

In particular, the method and devices of the present invention may provide for an accurate
and fail-safe implementation of a method of determining the concentration of the analyte in
a bodily fluid, specifically a photo app analyte measurement, because the most relevant
points in time, such as the sample application to the test field and/or the point in time when
the color formation reaction may reach a steady state, specifically the end point of the color
formation reaction, may be appropriately estimated or determined. Thus, an accuracy of
the determined analyte concentration may be increased compared to methods and devices
known in the art.
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Specifically, the method and devices of the present invention may address the above-
mentioned challenges of known methods and devices of similar kind. Thus, as an example,
in the method as presently proposed, the minimum amount of waiting time is predeter-
mined. Thereby, as an example, a triggering of the analyte measurement by using a se-
quence of images and information derived from the sequence of images may be avoided.
Thus, the method may be implemented without the need for large resources. Further, un-
certainties of triggering one measurement by using other measurements may be avoided,
thereby possibly increasing the measurement accuracy. Still, e.g. by using the above de-
scribed iterative procedure, the point in time of sample application may be determined in a
rather efficient and accurate manner, ¢.g. by using just one image or only a few images.
Further, the method may be implemented without using customized devices, such as by

using the users” own mobile devices, e.g. standard smart phones or tablet computers.

Specifically, the method as presently proposed may estimate the concentration of the ana-
lyte in the bodily fluid, by taking into account the at least one second item of information
without an indication based on the first item of information of an appropriate time for such
an estimation of the analyte concentration. Thus, the analyte concentration may be estimat-
ed by taking into account the second item of information derived from the image, while the
image may be captured at any point in time that is in accordance with the method, e.g. after
the predetermined minimum amount of waiting time. Said point in time, which may within
the above-indicated limits be essentially freely chosen, may then be characterized, particu-
larly in relation to the point in time of sample application, by taking into account the first
item of information. Thus, the presently proposed method may furthermore be advanta-
geous in its flexibility, practicability and ease of use.

Summarizing and without excluding further possible embodiments, the following embodi-

ments may be envisaged:

Embodiment 1: A method of determining a concentration of an analyte in a bodily fluid by
using a mobile device having a camera, the method comprising:
a)  prompting a user to one or more of
- apply a drop of bodily fluid to at least one test field of an optical test strip, or
- confirm an application of a drop of bodily fluid to at least one test field of an
optical test strip;
b)  waiting for a predetermined minimum amount of waiting time;
c) capturing at least one image of at least one part of the test field, with the test field
having the drop of bodily fluid applied thereto, by using the camera;
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d)  determining the concentration of the analyte in the bodily fluid based on the image
captured in step c), comprising:

1) estimating a point in time of sample application to the test field, by taking into
account at least one first item of information derived from the image captured
in step ¢) by using at least one first color channel of a color space, wherein the
first item of information is time-dependent; and

ii)  estimating the concentration of the analyte in the bodily fluid, by taking into
account at least one second item of information derived from the image by us-
ing at least one second color channel of the color space, wherein the second

item of information is concentration-dependent.

Embodiment 2: The method according to the preceding embodiment, wherein the mini-
mum amount of waiting time is determined by using a method selected from the group
consisting of:

- a time span is chosen for the minimum amount of waiting time, wherein the time
span is known to be sufficient for a detection reaction in the test field for samples
having a concentration of the analyte within a predetermined concentration range to
have reached a steady state;

- a predetermined time span is chosen for the minimum amount of waiting time, spe-
cifically a time span of 1 s to 40 s, specifically 2 s to 20 s, more specifically 5 s;

- a time span confirmed by the user in step a) is chosen for the minimum amount of

waiting time.

Embodiment 3: The method according to any one of the preceding embodiments, wherein
the first item of information is furthermore concentration-dependent regarding the analyte.

Embodiment 4: The method according to any one of the preceding embodiments, wherein
the second item of information is furthermore time-dependent, wherein the time-

dependency decreases with the time.

Embodiment 5: The method according to any one of the preceding embodiments, wherein,
the estimating of the concentration of the analyte in the bodily fluid in step ii) further takes
into account the point in time of sample application estimated in step i) and optionally the
predetermined minimum amount of waiting time.

Embodiment 6: The method according to any one of the preceding embodiments, wherein
the estimated analyte concentration in step ii) is determined by determining, specifically
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computing, the concentration of the analyte corresponding to the second item of infor-
mation by means of a correlation between the analyte concentration and the second item of
information and by using an assumed time span elapsed since the application of the bodily
fluid to the test field.

Embodiment 7: The method according to the preceding embodiment, wherein the assumed
time span elapsed since the application is selected from the group consisting of: a prede-
termined time span, specifically a predetermined time span of 10 s to 40 s, more specifical-
ly of 15 s to 30 s, more specifically of 20 s; the minimum amount of waiting time; a time
span to be specified by the user.

Embodiment 8: The method according to the preceding embodiment, the method further

comprising step ¢):

e) a refining step, comprising one or both of assessing a plausibility of the estimated
analyte concentration determined in step ii) by means of the first item of information,
or improving an accuracy of the estimated analyte concentration determined in step

ii) by means of the first item of information.

Embodiment 9: The method according to the preceding embodiment, wherein the refining
step is performed in an iterative manner, specifically with at least one iteration.

Embodiment 10: The method according to any one of the two preceding embodiments,

wherein the second item of information is time-dependent.

Embodiment 11: The method according to any one of the three preceding embodiment,
wherein, in step ii), the concentration of the analyte in the bodily fluid is estimated by us-
ing an assumed time span elapsed since the application of the bodily fluid to the test field.

Embodiment 12: The method according to the preceding embodiment, wherein the first
item of information, in addition to being time-dependent, additionally is dependent on the

analyte concentration.

Embodiment 13: The method according to the preceding embodiment, wherein, in step ¢),
the dependency of the first item of information on the concentration is eliminated by as-
suming the concentration of the analyte in the bodily fluid estimated in step ii), thereby
deriving a probable time span elapsed since the application of the bodily fluid to the test
field from the first item of information.
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Embodiment 14: The method according to the preceding embodiment, wherein the proba-
ble time span elapsed since the application of the bodily fluid to the test field is compared
with the assumed time span elapsed since the application of the bodily fluid to the test
field.

Embodiment 15: The method according to any one of the two preceding embodiments,
wherein the concentration of the analyte in the bodily fluid is re-estimated by performing
step ii) and by using the probable time span as the assumed time span in step ii).

Embodiment 16: The method according to the preceding embodiment, wherein the re-
estimating is performed iteratively.

Embodiment 17: The method according to any one of the nine preceding embodiments,
wherein step €) comprises applying a correction to the estimated analyte concentration.

Embodiment 18: The method according to the preceding embodiment, wherein the correc-
tion comprises one or both of applying a correction factor to the estimated analyte concen-
tration and applying an offset to the estimated analyte concentration.

Embodiment 19: The method according to any one of the two preceding embodiments,
wherein the correction takes into account the assumed time span.

Embodiment 20: The method according to any one of the three preceding embodiments,
wherein the correction to the estimated analyte concentration is a function of a time varia-
ble, the time variable characterizing the time span elapsed between the application of the
drop of bodily fluid to the test ficld and the capturing of the image of the test ficld with the
test field having the drop of bodily fluid applied thereto.

Embodiment 21: The method according to the preceding embodiment, wherein the time
variable is selected from the group consisting of: a probable time span clapsed since the
application of the bodily fluid to the test field from the first item of information, the proba-
ble time span being determined by using the first item of information on the concentration,
specifically the probable time span determined in embodiment 13; a difference between the
assumed time span and a probable time span elapsed since the application of the bodily
fluid to the test field from the first item of information, the probable time span being de-
termined by using the first item of information on the concentration, specifically the prob-
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able time span determined in embodiment 13; the point in time of sample application to the

test field as estimated in step 1).

Embodiment 22: The method according to any one of the two preceding embodiments,
wherein the correction to the estimated analyte concentration further takes into account one
or both of the concentration of the analyte in the bodily fluid as estimated in step ii) and the

first item of information.

Embodiment 23: The method according to any one of the three preceding embodiments,

wherein the correction is one of:

- a continuous function of the time variable;

- a step function of the time variable, the step function having a first constant value for
at least one first range of the time variable and having at least one second constant
value for at least a second range of the time variable; and

- a function defined differently in at least two different sections of the time variable.

Embodiment 24: The method according to any one of the sixteen preceding embodiments,

wherein step ) comprises at least one of the following options:

o) selecting at least one correlation from a predetermined set of correlations, wherein
each correlation describes a relationship between the first item of information and the
analyte concentration for a specific time span elapsed since the application of the
bodily fluid to the test field;

B selecting at least one correlation from a predetermined set of correlations, wherein
each correlation describes a relationship between the first item of information and the
time elapsed since the application of the bodily fluid to the test field for a specific

analyte concentration.

Embodiment 25: The method according to the preceding embodiment, wherein step ¢) fur-
ther comprises determining an expected first item of information corresponding to the es-
timated analyte concentration determined in step ii) by means of the correlation selected in

step e).

Embodiment 26: The method according to the preceding embodiment, wherein step ¢) fur-
ther comprises comparing the determined expected first item of information with the first

item of information derived from the image captured in step c).
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Embodiment 27: The method according to the preceding embodiment, wherein the esti-
mated analyte concentration determined in step d) is classified as plausible if a difference
between the expected first item of information and the first item of information derived in
step 1) from the image captured in step c) is equal to or smaller than a predetermined
threshold value, wherein the estimated analyte concentration determined in step d) is clas-
sified as implausible if the difference between the expected first item of information and
the first item of information derived in step 1) is greater than the predetermined threshold

value.

Embodiment 28: The method according to the preceding embodiment, wherein, in case that
the estimated analyte concentration is classified as implausible, a further estimated analyte
concentration is determined using the probable time span elapsed since the application of
the bodily fluid to the test field.

Embodiment 29: The method according to the preceding embodiment, wherein the proba-
ble time span is chosen to be greater than the assumed time span if the expected first item
of information is smaller than the first item of information derived in step ii), wherein the
probable time span is chosen to be smaller than the assumed time span if the expected first

item of information is greater than the first item of information derived in step ii).

Embodiment 30: The method according to the preceding embodiment, wherein a difference
between the probable time span and the assumed time span is chosen to be proportional to
the difference between the expected first item of information and the first item of infor-

mation derived in step ii).

Embodiment 31: The method according to the any of the four preceding embodiment,
wherein the method is repeated in an iterative manner, ¢.g. with at least one iteration, until

the estimated analyte concentration is classified as plausible.

Embodiment 32: The method according to any one of the preceding embodiments, wherein

the first color channel comprises a blue color channel.

Embodiment 33: The method according to any one of the preceding embodiments, wherein
the first item of information comprises an intensity of the first color channel
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Embodiment 34: The method according to any one of the preceding embodiments, wherein
the second color channel comprises at least one element selected from the group consisting

of: ared color channel; a green color channel.

Embodiment 35: The method according to any one of the preceding embodiments, wherein

the second item of information comprises an intensity of the second color channel.

Embodiment 36: The method according to any one of the preceding embodiments, wherein
the method further comprises capturing at least one dry image of the at least one part of the
test field, with the test field not having the drop of bodily fluid applied thereto, by using
the camera.

Embodiment 37: The method according to any one of the preceding embodiments, wherein
step d) further comprises deriving at least one reference information from at least one ref-

erence part of the optical test strip outside the test field.

Embodiment 38: The method according to any one of the two preceding embodiments,
wherein one or both of steps 1) or ii) are performed by taking into account one or both of:
at least one item of dry information derived from the dry image; the at least one reference
information.

Embodiment 39: The method according to any one of the preceding embodiments, wherein
in step c) at least two images are captured.

Embodiment 40: The method according to the preceding embodiment, wherein the captur-
ing of the at least two images takes place within a predetermined time frame.

Embodiment 41: The method according to the preceding embodiment, wherein the prede-
termined time frame has a maximum duration of 0.5 s to 20 s, specifically of 1 s to 10 s,

more specifically of 1 s to 5 s, more specifically of 2 s or less.

Embodiment 42: The method of any one of the three preceding embodiments, wherein the
method further comprises step f), wherein step f) is carried out between step ¢) and step d):
f)  comparing the second items of information of the at least two images.

Embodiment 43: The method of any of the four preceding embodiments, wherein step d) is

carried out if the second items of information of the at least two images are essentially
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identical, wherein the method is aborted if the second items of information of the at least

two images are different.

Embodiment 44: The method of any one of the five preceding embodiments, wherein the

first items of information of the at least two images differ.

Embodiment 45: A computer program including computer-executable instructions for per-
forming the method according to any one of the preceding embodiments when the program
is executed on a computer or computer network.

Embodiment 46: A mobile device having a camera, the mobile device being configured for
determining a concentration of an analyte in a bodily fluid by using the following steps:
A) prompting a user to one or more of:

- apply a drop of bodily fluid to at least one test field of an optical test strip, or

—  confirm an application of a drop of bodily fluid to at least one test field of an
optical test strip;

B) prompting the user to wait for a predetermined minimum amount of waiting time;

C) capturing at least one image of at least one part of the test field, with the test field
having the drop of bodily fluid applied thereto, by using the camera;

D) determining the concentration of the analyte in the bodily fluid based on the image
captured in step ¢), comprising:

L estimating a point in time of sample application to the test field by taking into
account at least one first item of information derived from the image captured
in step c¢) by using at least one first color channel of a color space, wherein the
first item of information is time-dependent; and

II.  estimating the concentration of the analyte in the bodily fluid, by taking into
account at least one second item of information derived from the image by us-
ing at least one second color channel of the color space, wherein the second

item of information is concentration-dependent.

Embodiment 47: A kit for determining a concentration of an analyte in a bodily fluid, the

kit comprising:

- at lcast one mobile device according to any one of the preceding embodiments refer-
ring to a mobile device; and

- at least one optical test strip having at least one test field.

Short description of the Figures
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Further optional features and embodiments will be disclosed in more detail in the subse-

quent description of embodiments, preferably in conjunction with the dependent claims.

Therein, the respective optional features may be realized in an isolated fashion as well as in

any arbitrary feasible combination, as the skilled person will realize. The scope of the in-

vention is not restricted by the preferred embodiments. The embodiments are schematically

depicted in the Figures. Therein, identical reference numbers in these Figures refer to iden-

tical or functionally comparable elements.

In the Figures:

Figure 1

Figure 2

Figures 3A and 3B

Figures 4A and 4B

Figure 5A and 5B

Figures 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

shows a flow chart of a method of determining a concentration of an
analyte in a bodily fluid;

shows a correlation between an intensity of a red color channel and a
glucose concentration;

show correlations between an intensity of a blue color channel and
the glucose concentration (Figure 3A) and between the intensity of
the blue color channel and a time span elapsed since sample applica-
tion (Figure 3B);

show parameters p1 and p2 as a function of the time elapsed since
sample application;

show a determination of the parameters p1 and p2 for a specific time
span elapsed since sample application;

shows the first item of information derived from the image in step i)
and the expected first item of information in one diagram;

shows the glucose concentration determined using a probable time
span;

shows a kit for determining the concentration of an analyte in a bodi-
ly fluid, the kit comprising at least one mobile device having a cam-
era and an optical test strip having at least one test field;

shows a temporal course of the intensity of the red color channel, the
green color channel and the blue color channel during a detection re-
action;

shows a determination of a correction to be applied to an estimated
analyte concentration for a specific time span elapsed; and

shows correction functions for different glucose concentrations.
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Detailed description of the embodiments

In a first aspect of the invention, a method of determining a concentration of an analyte in a
bodily fluid by using a mobile device 110 having a camera 112 is disclosed. Figure 1
shows a flow chart of the method of determining a concentration of an analyte in a bodily
fluid by using a mobile device 110 having a camera 112. The method comprises the fol-
lowing steps, which may specifically be performed in the given order. Still, a different or-
der may also be possible. It may further be possible to perform two or more of the method
steps fully or partially simultaneously. It may further be possible to perform one or more
method steps or even all of the method steps once or repeatedly. The method may comprise
additional method steps which are not listed herein. The method steps are the following:

a)  prompting a user to one or more of

- apply a drop of bodily fluid to at least one test field 114 of an optical test strip
116, or

- confirm an application of a drop of bodily fluid to at least one test field 114 of
an optical test strip 116;

b)  waiting for a predetermined minimum amount of waiting time;
c) capturing at least one image of at least one part of the test field 114, with the test

field 114 having the drop of bodily fluid applied thereto, by using the camera 112;

d)  determining the concentration of the analyte in the bodily fluid based on the image
captured in step c), comprising:

i)  estimating a point in time of sample application to the test field 114, by taking
into account at least one first item of information derived from the image cap-
tured in step c) by using at least one first color channel of a color space, where-
in the first item of information is time-dependent; and

ii)  estimating the concentration of the analyte in the bodily fluid, by taking into
account at least one second item of information derived from the image by us-
ing at least one second color channel of the color space, wherein the second

item of information is concentration-dependent.

In Figure 1 method step a) is represented by reference number 18, method step b) is repre-
sented by reference number 20, method step c) is represented by method step 22, method
step d) is represented by reference number 24 with substep i), which may also simply be
referred to as 1), being represented by reference number 26 and substep ii), which may also
be referred to as ii), being represented by reference number 28.
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As described above, the analyte may, in particular, be glucose. An embodiment of the
method of determining the concentration of the analyte will in the following be illustrated
in an exemplary fashion with glucose as the analyte. It shall be noted, however, that other
embodiments of the method, in particular other analytes, are possible.

Figure 2 shows the determination of the estimated the glucose concentration in the bodily
fluid by taking into account the at least one second item of information derived from the
image by using at least one second color channel of the color space. The second item of
information may specifically be or comprise the intensity of the second color channel. The
second color channel may in particular be or comprise the red color channel of the color
space used for capturing, representing or storing the image captured in step c). In the em-
bodiment described in the following the second item of information will, by way of exam-
ple, comprise the intensity of the red color channel. The second item of information, spe-
cifically the intensity of the red color channel, is concentration dependent. The second item
of information may furthermore be time dependent regarding the time span elapsed since
the application of the drop of bodily fluid to the test field. Thus, an assumed time span, e.g.
a time span of 20 s, may be taken into account together with the second item of infor-
mation, e.g. the intensity of the red color channel, to determine the estimated glucose con-
centration. Figure 2 illustrates a correlation between the intensity of the red color channel
and the glucose concentration. The x-axis shows the glucose concentration in mg/dl,
marked with reference sign 120. The y-axis shows intensity of the red color channel in
arbitrary units, marked with reference sign 122, at the time point of 20 s after the sample
application to the test field 114. A curve 124 fitted using measured intensities of the red
color channel corresponding to different, known glucose concentrations is displayed, the
measuring points 126 being marked by dots. Thus, using the intensity of the red color
channel derived from the image captured in step ¢) and the assumed time span of 20 s the

glucose concentration may be estimated.

The method of determining a concentration of the analyte, specifically glucose, in a bodily

fluid may further comprise step ¢):

e)  arefining step, comprising one or both of:
- assessing a plausibility of the estimated analyte concentration determined in
step ii) by means of the first item of information;
- improving an accuracy of the estimated analyte concentration determined in

step i1) by means of the first item of information.
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The first item of information may in particular be or comprise the intensity of the blue col-
or channel of the color space used for capturing, representing or storing the image captured
in step ¢). The first item of information, in particular the intensity of the blue color chan-
nel, is time dependent. The first item of information may furthermore be concentration
dependent regarding the analyte concentration. In the embodiment described in the follow-
ing the first item of information will, by way of example, comprise the intensity of the blue
color channel.

Step ¢) may further comprise at least one of the following options:

o) selecting at least one correlation from a predetermined set of correlations, wherein
each correlation describes a relationship between the first item of information and the
analyte concentration for a specific time span elapsed since the application of the
bodily fluid to the test field;

B) selecting at least one correlation from a predetermined set of correlations, wherein
each correlation describes a relationship between the first item of information and the
time elapsed since the application of the bodily fluid to the test field for a specific

analyte concentration.

Figures 3A and 3B cach shows a set of curves, each set of curves representing a predeter-
mined set of correlations. The curves in Figure 3A illustrate the correlation between the
intensity of the blue color channel and the glucose concentration with each curve corre-
sponding to a specific point in time after sample application. The x-axis shows the glucose
concentration in mg/dl, marked with reference sign 120. The y-axis shows intensity of the
blue color channel in arbitrary units, marked with reference sign 128. Each curve corre-
sponds to a specific point in time after sample application. Curves 130, 132, 134, 136, 138,
140 and 142 correspond to elapsed time spans of 55, 118, 175,208,235, 29 s and 35 s
since sample application, respectively. The curves 130, 132, 134, 136, 138, 140 and 142
are fitted using measured intensities of the blue color channel corresponding to different,

known glucose concentrations, the measuring points 126 being marked by dots.

Each curve displayed in Figure 3A may in particular be describable using the following
type of equation, wherein the parameters p1 and p2 may have to be determined for each
curve, wherein x stands for the glucose concentration in mg/dl and y stands for the intensi-

ty of the blue color channel in arbitrary units:

y =pr¥*x +p2 (D
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A dependency of the parameters p1 and p2 from the time span t elapsed since the sample
application may be describable using the following equation:

pi(t) = A1+ A2 ¥t + Asj *¢1/2 (2)

Figures 4A and 4B show typical values for p1 (Figure 4A) and for p2 (Figure 4B) marked
by reference numbers 160 and 162, respectively. Further, Figures 4A and 4B show fit
curves 164 for p1 and pe, respectively, based on the equation (2). Thus, the x-axis for both
Figures 4A and 4B represent the time span elapsed since the sample application and are
marked by reference number 144. The y-axis of Figure 4A represents p1 and the y-axis in
Figure 4B represents p2. In Figure 4A the parameter p1 is represented in units of dl/mg. In
Figure 4B the parameter p2 is represented in a unitless fashion.

The curves in Figure 3B illustrate the correlation between the intensity of the blue color
channel and the time span elapsed since the sample application with each curve corre-
sponding to a specific glucose concentration. The x-axis shows the time span elapsed since
the sample application in seconds, marked with reference sign 144. The y-axis shows in-
tensity of the blue color channel in arbitrary units, marked with reference sign 128. Each
curve corresponds to a specific glucose concentration. Curves 146, 168, 150, 152, 154, 156
and 158 correspond to glucose concentrations of 15 mg/dl, 50 mg/dl, 90 mg/dl, 185 mg/dl,
310 mg/dl, 435 mg/dl and 650 mg/dl, respectively.

Particularly, in step e) option o) may be chosen, and the correlation may be selected from
the ones shown in Figure 3A according to the assumed time span elapsed since the applica-
tion, which may e.g. be 20 s as described above. Step ¢) may further comprise determining
an expected first item of information, such as an expected intensity of the blue color chan-
nel, wherein the expected intensity of the blue color channel may correspond to the esti-
mated glucose concentration determined, for instance by using the correlation as displayed
in Figure 2. As shown in Figures 5A and 5B, in order to determine the expected intensity
of the blue color channel, the parameters p1 and p2 may be determined for the assumed
time span, particularly ti1, e.g. by using the fit curves. Inserting the determined parameters
p1 and p2 into equation (1) may then yield the expected intensity of the blue color channel.
The expected intensity of the blue color channel may be similar or identical to the intensity
of the blue color channel derived from the image taken in step c) if the assumed time span
is similar or identical to the time span actually elapsed since the sample application. Thus,
from a comparison of the intensity of the blue color channel derived from the image by



10

20

25

30

35

WO 2020/109525 PCT/EP2019/083015

T

using the first color channel with the expected intensity of the blue color channel at least
one conclusion may be drawn on the accuracy of the assumed time span and/or on the es-

timated analyte concentration determined in step ii).

Thus, step ¢) may comprise comparing the expected first item of information to the first
item of information derived in step i) from the image captured in step c). In particular, the
comparing may comprise forming a difference between the expected first item of infor-
mation and the first item of information derived in step i) from the image captured in step
¢). The estimated analyte concentration determined in step d) may be classified as plausible
if a difference between the expected first item of information and the first item of infor-
mation derived in step i) is equal to or smaller than a predetermined threshold value,
wherein the estimated analyte concentration determined in step d) is classified as implausi-
ble if the difference between the computed value of the first item of information and the
first item of information of the image captured in step c) is greater than the predetermined
threshold value. In particular the threshold value may have a value from 0.5 s to 20 s, spe-
cifically 1 s to 10 s, more specifically 1 s to S s. Further, in case that the estimated analyte
concentration is classified as implausible, a further estimated analyte concentration may be
determined using a probable time span elapsed since the application of the bodily fluid to
the test field. In particular, the probable time span may be chosen to be greater than the
assumed time span if the expected first item of information is smaller than the first item of
information derived in step ii), wherein the probable time span is chosen to be smaller than
the assumed time span if the expected first item of information is greater than the first item
of information derived in step ii). The difference between the probable time span and the
assumed time span may be chosen to be proportional to the difference between the ex-
pected first item of information and the first item of information derived in step ii) from the

image captured in step c).

Figure 6 illustrates that the first item of information derived from the image in step i), e.g.
the intensity of the blue color channel derived from the image, depicted here as Bo, and the
expected first item of information, e.g. the expected intensity of the blue color channel,
depicted here as B(t1), may differ. As described above, a probable time span may be de-
rived from the assumed time span taking into account the comparison of the intensity of
the blue color channel derived from the image, depicted as Bo and the expected intensity of
the blue color channel. Thus, the probable time span may e.g. be 23 s and an estimated
glucose concentration of improved accuracy may be determined by using the probable time
span as illustrated in Figure 7. For determining the more accurate glucose concentration the
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curve corresponding to the probable time span elapsed may be used as also shown in Fig-
ure 7. In Figure 7, the glucose concentration of improved accuracy is marked as BGo.

Furthermore, the method may be repeated at least once in an iterative manner, in particular
the accuracy of the estimated analyte concentration determined in step ii) may be improve,

until the estimated analyte concentration is classified as plausible.

In a further aspect of the present invention, a mobile device 110 having a camera 112 is
disclosed, the mobile device 110 being configured for determining a concentration of an
analyte in a bodily fluid by using the following steps, which may specifically be performed
in the given order. Still, a different order may also be possible. It may further be possible to
perform two or more of the steps fully or partially simultaneously. It may further be possi-
ble to perform one or more steps or even all of the method steps once or repeatedly. Fur-
ther, the mobile device may be configured to perform additional steps, which are not listed
herein. Generally, the steps are as follows:

A) prompting a user to one or more of:

- apply a drop of bodily fluid to at least one test field 114 of an optical test strip
116, or

- confirm an application of a drop of bodily fluid to at least one test fiecld 114 of
an optical test strip 116;

B) prompting the user to wait for a predetermined minimum amount of waiting time;
C) capturing at lcast one image of at least one part of the test field 114, with the test

field 114 having the drop of bodily fluid applied thereto, by using the camera 112;

D) determining the concentration of the analyte in the bodily fluid based on the image
captured in step ¢), comprising:

L estimating a point in time of sample application to the test field 114 by taking
into account at least one first item of information derived from the image cap-
tured in step c) by using at least one first color channel of a color space, where-
in the first item of information is time-dependent; and

II.  estimating the concentration of the analyte in the bodily fluid, by taking into
account at least one second item of information derived from the image by us-
ing at least one second color channel of the color space, wherein the second
item of information is concentration-dependent.

In a further aspect of the present invention, a kit 172 for determining a concentration of an
analyte in a bodily fluid, is disclosed, the kit 172 comprising:
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- at least one mobile device 110 having at least one camera 112, wherein the mobile
device 110 is configured for determining a concentration of an analyte in a bodily
fluid; and

- at least one optical test strip 116 having at least one test field 114.

In particular, the mobile device 110 may be or may comprise a mobile device 110 as de-
scribed above. Figure 8 shows the mobile device 110 having the camera 112, the optical
test strip 116 and the test field 114.

Figure 9 shows an exemplary temporal course of the intensity of the red color channel 178,
the green color channel 180 and the blue color channel 182 during a detection reaction
with glucose as an analyte, the glucose concentration in this example being 530 mg/dl. The
intensity of the red color channel 174, the green color channel 174 and the blue color
channel 174 is shown in arbitrary units on the y-axis. The x-axis shows the time 176 in
seconds. The detection reaction starts with the application of the drop of bodily fluid com-
prising the analyte to the test field, which results in a sudden drop of the intensities of all
three color channels 178, 180 and 182 distinguishable in Figure 9 at the point in time of
about -2 seconds. As can be seen in Figure 9, both the intensity of the red color channel
178 and the intensity of the green color channel 180 may first show a time-dependent be-
havior with rapidly changing intensity values. The time-dependency may then decrease
with completion of the detection reaction, which in Figure 9 coincides roughly with the
point in time marked with 5 seconds. In particular, the intensities of both the red 178 and
the green color channel 180 may be almost constant and may change only in a marginal
fashion from the point in time marked by 5 seconds onward. The intensity of the red color
channel and/or the intensity of the green color channel may serve as the second item of
information. The temporal course, in particular the time-dependency, of the intensity of the
blue color channel 182 differs in Figure 9 from the temporal course, in particular the time-
dependency, of the intensities of the red 178 and the green color channel 180. As shown in
Figure 9 the intensity of the blue color channel 182 may continue to be time-dependent
when the detection reaction has reached a steady state, which in Figure 9 coincides roughly
with the point in time marked by 5 seconds. In particular, the intensity of the blue color
channel 182 may continue to change from the point in time marked by 5 seconds onward.

The intensity of the blue color channel may serve as the first item of information.

In Figure 10, a determination of a correction to be applied to an estimated analyte concen-
tration for a specific time span elapsed is illustrated. The x-axis shows a glucose concentra-

tion in mg/dl, marked with reference sign 120. The y-axis shows a remission value in %,
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marked with reference sign 183, e.g. determined by evaluating the intensity of the red color
channel. Specifically, the correlation between the intensity of the red color channel and the
glucose concentration is illustrated, with each curve corresponding to a specific time span
elapsed since the sample application. In particular, curve 184 corresponds to an elapsed
time span of 5 s since sample application, wherein the curve 184 may estimate measuring
points of the elapsed time span of 5 s since sample application, the measuring points being
marked with reference sign 186. Curve 188 corresponds to the assumed time span clapsed
since the application, which may e.g. be 20 s as described above. Thus, the correction to be
applied to the estimated analyte concentration for a specific time span elapsed, such as a
deviation ABG, e.g. an offset, may be determined as illustrated in Figure 10. Specifically,
as an example, when the assumed time span elapsed, e.g. curve 188, is used for determin-
ing the blood glucose concentration, for a remission value of RV = 88 %, the resulting
blood glucose concentration may be BGumes = 240 mg/dl. However, in case the time span
actually elapsed since the sample application, e.g. the actual time span elapsed, differs
from the assumed time span elapsed, such as in the example illustrated in Figure 10,
wherein the actual time span elapsed equals 5 s, the resulting blood glucose concentration
should be BGrer = 365 mg/dl. Thus, the deviation ABG may be used for correcting the re-
sult, e.g. the estimated blood glucose concentration BGmeas. Specifically, the estimated
analyte concentration may be corrected by applying a correction, e.g. the deviation ABG,
to the estimated analyte concentration. Typical courses for such deviations are illustrated in
Figure 11.

Specifically, the curves in Figure 11 illustrate correction functions for different glucose
concentrations. The x-axis shows the time span elapsed since the sample application in
seconds, marked with reference sign 144. The y-axis shows a deviation of glucose concen-
tration in mg/dl, marked with reference sign 190. Each curve corresponds to a specific glu-
cose concentration. Curves 192, 194, 196, 198, 200, 202 and 204 correspond to glucose
concentrations of 45 mg/dl, 76 mg/dl, 162 mg/dl, 227 mg/dl, 334 mg/dl, 414 mg/dl and 585
mg/dl, respectively.

For determining the illustrated courses, as an example, multiple deviations for various time
spans elapsed may be determined experimentally. In detail, for specific time spans elapsed

the deviation ABG may be determined by using the following equation:

ABG = (BGMeas — BGRef) / BGRef *100% 3)
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As an example, for applying a correction to the estimated analyte concentration, the correc-
tion, such as at least one of the correction functions, may be predetermined and/or stored,
for example, on the mobile device 110 having the at least one camera 112.

In particular, for applying the correction to the estimated analyte concentration, one func-
tion, such as one correction function and/or code function, may be sufficient for determin-
ing the analyte concentration, such as the blood glucose concentration, in the sample. Spe-
cifically, the one correction function may take into account the assumed time span. For
example, one correction function for the assumed time span, e.g. for 20 s, may be sufficient

for applying the correction to the estimated analyte concentration.
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List of reference numbers
110 mobile device
112 camera
114 test field
116 optical test strip
18 method step a)
20 method step b)
22 method step ¢)
24 method step d)
26 substep 1)
28 substep i)
120 glucose concentration in mg/dl
122 intensity of the red color channel in arbitrary units
124 curve corresponding to an elapsed time span of 20 s since sample application
126 measuring points
128 intensity of the blue color channel in arbitrary units
130 5 s since sample application
132 11 s since sample application
134 17 s since sample application
136 20 s since sample application
138 23 s since sample application
140 29 s since sample application
142 35 s since sample application
144 time span elapsed since sample application in seconds
146 15 mg/dl
148 50 mg/dl
150 90 mg/dl
152 185 mg/dl
154 310 mg/dl
156 435 mg/dl
158 650 mg/dl
160 values for p1
162 values for p2
164 fit curve
166 parameter pi

168 parameter p2
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174

176
178
180
182
183
184
186
188
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curve corresponding to an elapsed time span of 23 s since sample application
kit

intensity of the red, the green and the blue color channel respectively given in
arbitrary units

time in seconds

temporal course of the intensity of the red color channel

temporal course of the intensity of the green color channel

temporal course of the intensity of the blue color channel

remission value in %

curve corresponding to 5 s since sample application

measuring points for 5 s since sample application

curve corresponding to assumed time span elapsed since sample application

deviation of glucose concentration in mg/dl
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Claims

1. A method of determining a concentration of an analyte in a bodily fluid by using a

mobile device (110) having a camera (112), the method comprising:

a)

b)

d)

prompting a user to one or more of

- apply a drop of bodily fluid to at least one test field (114) of an optical
test strip (116), or

- confirm an application of a drop of bodily fluid to at least one test ficld
(114) of an optical test strip (116);

waiting for a predetermined minimum amount of waiting time;

capturing at least one image of at least one part of the test field (114), with the

test field (114) having the drop of bodily fluid applied thereto, by using the

camera (112); and

determining the concentration of the analyte in the bodily fluid based on the

image captured in step ¢), comprising:

i)  estimating a point in time of sample application to the test field (114), by
taking into account at least one first item of information derived from the
image captured in step c) by using at least one first color channel of a
color space, wherein the first item of information is time-dependent; and

ii)  estimating the concentration of the analyte in the bodily fluid, by taking
into account at least one second item of information derived from the im-
age by using at least one second color channel of the color space, where-
in the second item of information is concentration-dependent, wherein
the estimating of the concentration of the analyte in the bodily fluid fur-
ther takes into account the point in time of sample application estimated
in step 1).

2. The method according to the preceding claim, wherein the minimum amount of wait-

ing time is determined by using a method selected from the group consisting of:

a time span is chosen for the minimum amount of waiting time, wherein the
time span is known to be sufficient for a detection reaction in the test field
(114) for samples having a concentration of the analyte within a predetermined
concentration range to have reached a steady state;

a predetermined time span is chosen for the minimum amount of waiting time;
a time span confirmed by the user in step a) is chosen for the minimum amount

of waiting time.
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The method according to any one of the preceding claims, wherein the estimated
analyte concentration in step ii) is determined by determining the concentration of
the analyte corresponding to the second item of information by means of a correla-
tion between the analyte concentration and the second item of information and by us-
ing an assumed time span elapsed since the application of the bodily fluid to the test
field.

The method according to the preceding claim, the method further comprising step ¢):

e) a refining step, comprising one or both of assessing a plausibility of the esti-
mated analyte concentration determined in step ii) by means of the first item of
information, or improving an accuracy of the estimated analyte concentration
determined in step ii) by means of the first item of information.

The method according to the preceding claim, wherein the refining step is performed
in an iterative manner.

The method according to any one of the two preceding claims, wherein the second
item of information is time-dependent, wherein, in step ii), the concentration of the
analyte in the bodily fluid is estimated by using an assumed time span elapsed since
the application of the bodily fluid to the test field (114), wherein the first item of in-
formation, in addition to being time-dependent, additionally is dependent on the ana-
lyte concentration, wherein, in step ¢), the dependency of the first item of infor-
mation on the concentration is eliminated by assuming the concentration of the ana-
Iyte in the bodily fluid estimated in step ii), thereby deriving a probable time span
elapsed since the application of the bodily fluid to the test field (114) from the first
item of information, wherein the probable time span elapsed since the application of
the bodily fluid to the test field is compared with the assumed time span elapsed
since the application of the bodily fluid to the test field, and wherein the concentra-
tion of the analyte in the bodily fluid is re-estimated by performing step ii) and by us-

ing the probable time span as the assumed time span in step ii).

The method according to any one of the three preceding claims, wherein step ¢)

comprises applying a correction to the estimated analyte concentration.

The method according to any one of the four preceding claims, wherein step e) com-

prises at least one of the following options:
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o) selecting at least one correlation from a predetermined set of correlations,
wherein each correlation describes a relationship between the first item of in-
formation and the analyte concentration for a specific time span elapsed since
the application of the bodily fluid to the test field;

B)  selecting at least one correlation from a predetermined set of correlations,
wherein each correlation describes a relationship between the first item of in-
formation and the time elapsed since the application of the bodily fluid to the
test field for a specific analyte concentration,

wherein step e) further comprises determining an expected first item of information

corresponding to the estimated analyte concentration determined in step ii) by means

of the correlation selected in step e), wherein step e) further comprises comparing the
determined expected first item of information with the first item of information de-
rived from the image captured in step c), wherein the estimated analyte concentration
determined in step d) is classified as plausible if a difference between the expected
first item of information and the first item of information derived in step i) from the
image captured in step c) is equal to or smaller than a predetermined threshold value,

wherein the estimated analyte concentration determined in step d) is classified as im-

plausible if the difference between the expected first item of information and the first

item of information derived in step 1) is greater than the predetermined threshold val-

uc.

The method according to any one of the preceding claims, wherein the first color
channel comprises a blue color channel, and wherein the second color channel com-
prises at least one element selected from the group consisting of: a red color channel;
a green color channel.

The method according to any one of the preceding claims, wherein the method fur-
ther comprises capturing at least one dry image of the at least one part of the test
field (114), with the test field (114) not having the drop of bodily fluid applied there-
to, by using the camera (112).

The method according to any one of the preceding claims, wherein step d) further
comprises deriving at least one reference information from at least one reference part
of the optical test strip outside the test field.
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The method according to any one of the preceding claims, wherein in step c) at least

two images are captured, wherein the method further comprises step f), wherein step

f) is carried out between step ¢) and step d):

f)

comparing the second items of information of the at least two images.

A computer program including computer-executable instructions for performing the

method according to any one of the preceding claims when the program is executed

on a computer or computer network.

A mobile device (110) having a camera (112), the mobile device (110) being config-

ured for determining a concentration of an analyte in a bodily fluid by using the fol-

lowing steps:

A)

B)

O

D)

prompting a user to one or more of:

apply a drop of bodily fluid to at least one test field (114) of an optical
test strip (116), or

confirm an application of a drop of bodily fluid to at least one test field
(114) of an optical test strip;

prompting the user to wait for a predetermined minimum amount of waiting

time; and

capturing at least one image of at least one part of the test field (114), with the
test field (114) having the drop of bodily fluid applied thereto, by using the
camera (112); and

determining the concentration of the analyte in the bodily fluid based on the

image captured in step ¢), comprising:

L

1L

estimating a point in time of sample application to the test field (114) by
taking into account at least one first item of information derived from the
image captured in step ¢) by using at least one first color channel of a
color space, wherein the first item of information is time-dependent; and

estimating the concentration of the analyte in the bodily fluid, by taking
into account at least one second item of information derived from the im-
age by using at least one second color channel of the color space, where-
in the second item of information is concentration-dependent, wherein
the estimating of the concentration of the analyte in the bodily fluid fur-
ther takes into account the point in time of sample application estimated

in step I).
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15. A kit (172) for determining a concentration of an analyte in a bodily fluid, the kit
(172) comprising:
- at least one mobile device (110) according to any one of the preceding claims
referring to a mobile device (110); and
- at least one optical test strip (116) having at least one test field (114).



