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(57) ABSTRACT

A process for carrying out an allergy test is based on a blood
sample being taken. The blood sample is contacted in vitro
with at least one allergen. At least one allergic reaction or the
absence of the at least one allergic reaction is observed via
a microscope (11) directly and/or optically. To make it
possible to carry out an allergy test with a higher validity
and/or better accuracy, a position of granules is observed via
the microscope (11). The granules are observed in different
planes or horizontal planes.
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PROCESS FOR CARRYING OUT AN
ALLERGY TEST, PROCESS FOR
DETERMINING DEGRANULATION IN
CELLS, DEVICE FOR CARRYING OUT AN
ALLERGY TEST AND MICROFLUIDIC CHIP

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a United States National Phase
Application of International Application, PCT/EP2017/
073144, filed Sep. 14, 2017, and claims the benefit of
priority under 35 US.C. § 119 of German Application 10
2016 117 421.1, filed Sep. 15, 2016, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention pertains to a process for
carrying out an allergy test, in which a blood sample is taken,
in which the blood sample is contacted in vitro with at least
one allergen, and in which at least one allergic reaction or
the absence of the at least one allergic reaction is observed
by means of a microscope directly and/or optically. The
present invention pertains, furthermore, to a process for
determining degranulation in cells, in which a blood sample
is taken, and in which the blood sample is contacted in vitro
with at least one reaction partner. The present invention
pertains, furthermore, to a device for carrying out an allergy
test with a microscope and with an at least partially trans-
parent microfluidic chip for the direct and/or optical obser-
vation of an allergic reaction or for the observation of the
absence of an allergic reaction, as well as to a microfluidic
chip.

TECHNICAL BACKGROUND

[0003] The term blood sample is used within the frame-
work of the present application as a synonym for a direct
blood sample or for a serum from a direct blood sample,
which was mixed or brought into contact with cells of
special cell lines. The special cell lines may be, above all,
humanized cells, especially rat cells and/or guinea pig cells.
[0004] Corresponding processes for carrying out an
allergy test are known as blood tests, in which an immuno-
globulin-antibody level, especially an immunoglobulin-E
level, is determined. Cells of endogenous immune defense
contain granules containing, for example, histamine, which
they release on activation. An activation process takes place,
in particular, via the immunoglobulin E (IgE), which is
bound to the cell membrane of an immunocyte during
sensitization. In case of an existing sensitization to a certain
allergen, a degranulation process may be triggered, during
which granules are released from the immunocyte. The
degranulation or the release of the granules from the immu-
nocyte represents here an initiation of an allergic inflamma-
tory reaction.

[0005] 1t is disadvantageous in this connection that the
determination of an allergy is based on the antibody-based
detection of IgE. IgF is a marker for an allergic sensitization,
an allergy, an inflammation and/or certain hematological
discases. This means that an allergy does not necessarily
have to be present in case of an antibody-based detection of
an allergy on the basis of the analysis of IgE antibodies, even
if the test itself is positive. As a result, there is a risk of a
large number of misinterpretations of the test results. Thus,
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the percentage of false positive interpretations of the test
results obtained for determining an allergy may, for
example, be in the range of 50% to 60%. The percentage of
false negative test results may be in the range of 15% to
20%.

[0006] To identify false test results or to confirm an
allergy, it is known that a so-called challenge test can be
carried out. For example, an oral challenge test may be
carried out. It is, however, disadvantageous in this case that
this may be very unpleasant for the particular person being
tested or for the patient due to the allergic reaction being
challenged. In particular, there is a risk of a life-threatening
anaphylactic shock in case of a challenge test.

[0007] Itis disadvantageous, moreover, that an allergy test
based on an antibody-based detection of IgE is an indirect
method. The detection of the IgE molecules determined in a
blood sample is carried out, in particular, by means of
enzyme-labeled antibodies against IgE. A corresponding
complex can be detected with a second development reac-
tion, especially by means of fluorescence. An allergic reac-
tion can consequently only be detected indirectly by means
of indirect allergy indicators, especially IgE antibodies or
fluorescence.

SUMMARY

[0008] A basic object of the present invention is therefore
to further improve a process, a device and a microfluidic
chip of the above-mentioned class such that an allergy test
can be carried out with increased validity and/or better
accuracy. In particular, a more rapid and/or more cost-
effective allergy test shall be made available. Furthermore,
at least one alternative embodiment shall be provided.
[0009] The basic object of the present invention is accom-
plished with a process of the class mentioned in the intro-
duction for carrying out an allergy test, in which the position
of granules is observed by means of the microscope, wherein
the granules are observed in different planes or in different
horizontal planes. To accomplish the object, provisions are
made in the process for determining degranulation in cells
for the direct and/or optical observation of degranulation or
of the absence of degranulation by means of a microscope.
Furthermore, the object is accomplished with a device for
carrying out an allergy test of the above-described class such
that the microscope is configured to generate a holographic
image.

[0010] It is advantageous in this connection that an aller-
gic reaction can be determined directly. In particular,
degranulation of preferably defined or predefined immuno-
cytes can be observed directly. Degranulation can be con-
sidered in this connection to be a relevant parameter for
determining an allergic reaction. Based on a visualization of
a degranulation process, a direct method can thus be pro-
vided for determining an allergy. This makes possible an
improved and more reliable determination of allergies. As a
result, it is possible to dispense with indirect methods for
determining an allergy. In addition, a direct and/or optical
observation of an allergic reaction can make it possible to
obtain a more accurate, more rapid and/or more cost-
effective allergy test.

[0011] A direct and/or optical observation is preferably
defined within the framework of the present invention as a
determination, monitoring, detection and/or measurement. A
direct and/or optical observation is defined, in particular, as
a recording and/or analysis of data and/or images. A direct
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and/or optical observation may be configured as a quanti-
tative microscopic examination, especially a quantitative
phase-contrast microscopic examination. Contrary to an
indirect determination of an allergic reaction by means of a
marker or indirect allergy indicator, an allergic reaction can
be determined, observed and/or measured directly by means
of the present invention. A more complicated analysis of a
marker or of an indirect allergy indicator can thus be
dispensed with in case of a direct observation, determina-
tion, monitoring, detection and/or measurement of an aller-
gic reaction. As a result, an allergy can be identified more
accurately, with higher reliability, more rapidly and/or in a
more cost-effective manner.

[0012] According to another embodiment, degranulation
of immunocytes of the blood sample, especially of defined
and/or predefined immunocytes of the blood sample, is
observed with the microscope especially quantitatively in
case of an allergic reaction. The immunocytes are part of the
blood sample here. The blood sample may be a direct blood
sample or a serum from a direct blood sample, which was
mixed or brought into contact with cells of special cell lines.
The immunocytes are preferably granulocytes, basophilic
cells, basophilic granulocytes and/or mast cells. In particu-
lar, granules of cells are observed, monitored, measured
and/or recorded. In particular, a path of motion of the
granules is observed, measured and/or recorded over a
predefined time. It is preferably observed whether granules
of a cell leave the cell or are released from the cell within a
predefined time after contacting the cell with the at least one
allergen Immunocytes are preferably defined within the
framework of the present invention as cell types of a blood
sample that may potentially exhibit a sensitization for an
allergic reaction. Based on the direct and/or optical obser-
vation of the immunocytes on contacting the cells with the
at least one allergen, the absence of degranulation can be
classified as a non-allergic reaction. If degranulation takes
place, this may be classified as an allergic reaction. It is thus
possible to determine directly and/or in real time based on
the observation of the motion of the granules whether or not
an allergic sensitization or allergy is present.

[0013] According to a variant, the blood sample is pro-
cessed in order to increase the percentage of immunocytes
after the blood sample was taken and before contacting it
with the at least one allergen. The blood sample may be
taken in a manner known per se. The blood sample of a
person or of a patient is taken, for example, by means of a
needle or a syringe. A relatively small quantity of blood may
suffice as a blood sample. A quantity of blood less than 100
ml, less than 10 mL or less than 1 mL is preferably
sufficient. Additives may be added to the blood sample
within the framework of the processing of the blood sample.
The additives may be, for example, sodium citrate and/or
heparin. Based on a suitable processing of the blood sample,
clotting of the blood can be avoided or delayed. In particular,
the percentage of immunocytes in the blood sample is
increased. The percentage of immunocytes in the blood
sample may be increased, for example, to more than 5%,
more than 10%, more than 20% or higher.

[0014] The percentage of red blood cells is preferably
reduced within the framework of the processing of the blood
sample. The reduction or removal of red blood cells from the
blood sample may be carried out by means of usual, espe-
cially chemical, electric and/or mechanical methods. In
particular, the percentage of the white blood cells different
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from the immunocytes to be tested is reduced. The percent-
age of the immunocytes to the tested, especially granulo-
cytes, basophilic cells, basophilic granulocytes and/or mast
cells, may be increased by removing white blood cells
different from these. Basophilic cells may be isolated, in
particular, by removing all other white blood cells. Pro-
cesses, methods or techniques that are known per se and/or
usual may be used for this purpose. Based on the processing
of the blood sample, it is possible to increase the percentage
of immunocytes to be tested in the blood sample to more
than 5%, to more than 10%, to more than 20% or higher. It
is possible, in particular, to reach a percentage in a range of
10% to 20% or higher. To determine the degranulation of the
cells being tested and/or to observe an allergic reaction, it is
consequently unnecessary to completely isolate the cells to
be tested from all other components of the blood sample.
The processed blood sample may be suspended in a suitable
medium in order to improve the shelf life, especially for a
time of several hours.

[0015] According to another embodiment, a microfluidic
chip is used for contacting the blood sample with the at least
one allergen. Even a relatively small quantity of blood
sample, especially in the range of one drop or several drops,
may be provided for a test by means of a microfluidic chip.
A microfluidic chip may have a microchannel or a plurality
of microchannels. Furthermore, a microfluidic chip may be
composed of a plurality of layers. A layer having at least one
microchannel and/or at least one reaction chamber may be
formed from silicon. An upper and/or lower cover layer or
carrier layer may be formed from a transparent material,
especially glass or plastic. A silicon layer is preferably
arranged between two transparent layers, especially glass
layers. In particular, immunocytes of the blood sample are
arranged in at least one reaction chamber of the chip. The
microfluidic chip may have a plurality of reaction chambers
for receiving immunocytes of the blood sample. The plu-
rality of reaction chambers may be separated from one
another and/or connected to one another by means of one or
more microchannels. The reaction chamber and/or at least
one reference chamber of the microfluidic chip preferably
has an at least partially transparent configuration. The at
least one reaction chamber and/or the at least one reference
chamber may have a transparent configuration and/or be
covered on at least one side. Transparency is defined, in
particular, as a transparency in relation to electromagnetic
waves and/or light of different wavelengths.

[0016] At least one allergen is preferably guided into the
at least one reaction chamber. At least one allergen is added
especially after a plurality of immunocytes have been guided
into the at least one reaction chamber. A predefined, single
allergen may now be guided into a certain, predefined
reaction chamber. As an alternative, a plurality of allergens,
specially a defined number of predefined types of allergens,
may be guided into the reaction chamber. The at least one
allergen is especially guided both into the at least one
reaction chamber containing the immunocytes and into a
reference chamber containing no immunocytes. The refer-
ence chamber can likewise be observed directly and/or
optically by means of the microscope. The observation of
the at least one reaction chamber and of the associated
reference chamber is carried out, in particular, together
and/or simultaneously. The observation of the reference
chamber without immunocytes may improve the analysis
and/or the quality of the result of the observation compared
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to the observation of the associated reaction chamber con-
taining the immunocytes. In particular, a quantitative phase
contrast is measured by interferometry by means of the
observation of the at least one reaction chamber and of the
associated reference chamber. A reference chamber is pref-
erably associated with each reaction chamber. Thus, an
equal number of reference chambers is present in case of a
microfluidic chip having a plurality of reaction chambers.
The immunocytes, on the one hand, and the at least one
allergen, on the other hand, may be guided into the at least
one reaction chamber and/or into the at least one reference
chamber by means of the same microchannel or by means of
different microchannels.

[0017] The immunocytes of the blood sample are prefer-
ably arranged or positioned on or in the microfluidic chip by
means of a suitable process and/or a suitable device. In
particular, immunocytes of the blood sample are arranged on
or in the microfluidic chip by means of a microfluidic cell
trap, electrophoresis, dielectrophoresis and/or mechanical
methods. An inhomogeneous electrical field may be used in
dielectrophoresis to move, separate, arrange and/or position
cells or immunocytes. Based on the inhomogeneous elec-
trical field, a dipole moment can be induced in the cells, and
this dipole moment will then interact with the electrical field
applied. The cells are subject in the process to a force and
move, depending on the field and the dipole moment, into
areas of high or low field intensity. The action of the force
may be proportional to the volume of the cells. The cells,
especially the immunocytes, can thus be captured in a type
of “field cage” Immunocytes are positioned and/or held, in
particular, in at least one reaction chamber by means of
electrophoresis and/or dielectrophoresis Immunocytes may
preferably be divided and arranged in a plurality of reaction
chambers by means of dielectrophoresis. Based on the
separation of the immunocytes into a plurality of reaction
chambers, different allergens can be contacted simultane-
ously with immunocytes in mutually separate reaction
chambers. Depending on the selected number of reaction
chambers and/or allergens used, it is thus possible to test a
plurality of allergic sensitizations or allergies simultane-
ously.

[0018] At least one reference chamber is preferably pro-
vided without or free from immunocytes by means of
electrophoresis and/or dielectrophoresis. It is thus possible
by means of electrophoresis and/or dielectrophoresis to
make available a reference chamber in which no immuno-
cytes are present. The immunocytes can be guided within the
microfluidic chip by means of electrophoresis and/or dielec-
trophoresis such that the area of the reference chamber
becomes or remains cell-free. The reference chamber free
from immunocytes can be optically superimposed in this
manner with the at least one reaction chamber containing
immunocytes. As a result, a quantitative phase contrast of
the immunocytes can be measured by interferometry. The
light, which passes at least partially through the reaction
chamber, and the light passing at least partially through the
reference chamber, are superimposed, in particular. The
superimposed light may have an essentially or approxi-
mately identical path, especially through the microfluidic
chip. As a result, sensitivity to external mechanical effects
can be reduced. In particular, the need for a complicated
and/or costly insulation against vibration may be eliminated.

[0019] According to a variant, the position and/or a
change in the position of granules of the immunocytes are
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observed directly and/or optically by means of the micro-
scope. Granules are, in particular, granular inclusions visible
by means of the microscope in biological cells, especially
immunocytes. The release of granules from the cells, espe-
cially immunocytes, is called degranulation. Granules are
observed, in particular, in different planes or horizontal
planes. A plurality of immunocytes may be present in the at
least one reaction chamber. The immunocytes may be
arranged at different levels or in different horizontal planes.
To make it possible to observe an allergic reaction of a
plurality of granules, especially of different immunocytes, in
the same reaction chamber, the reaction chamber is observed
by means of the microscope in predefined, different hori-
zontal planes. The observation in the different horizontal
planes may be carried out in a predefined chronological
sequence. A high-resolution microscopy may be used for
this purpose. Especially digital, holographic microscopy or
shearography is preferably achieved with the microscope.
The microscope may be configured especially for generating
a holographic image. Shearography here may be the short
name for shearing interferometry and/or laser speckle shear-
ing interferometry. It is a coherently optical measurement
method that is known per se. In particular, an LED (LED:
Light-Emitting Diode) may be used instead of a laser.
Digital holographic microscopy utilizes the principle of
holography to generate an image. The blood sample to be
tested or the immunocytes to be tested can be illuminated
here by means of a light source, especially an LED or alaser.
The light scattered in the process may interfere with light of
a refererce source of the same light source, especially of the
same LED or of the same laser. The reference source may be
provided here by means of the reference chamber. The
interference pattern formed in this process can make the
direct and/or optical observation possible. In particular, the
interference pattern may be recorded by means of a prefer-
ably digital sensor. The microscope preferably makes it
possible to determine a quantitative phase contrast.

[0020] According to another embodiment, which is also
conceivable on its own merit and independently from the
present invention, live immunocytes of the blood sample are
identified by means of the microscope. Distinction can thus
be made between live and dead cells. The identification of
live immunocytes can now be carried out in an automated
manner. Automated identification of live immunocytes
makes it possible to considerably reduce the time and/or
cost. Only immunocytes identified as live cells are prefer-
ably taken into consideration during the observation and/or
the analysis of a reaction of the immunocytes during con-
tacting with the at least one allergen. As a result, errors in the
analysis of the observation can be reduced. The fact that an
allergic reaction is not observed in a dead immunocyte is
especially prevented from being interpreted as a nonexistent
allergic sensitization or allergy. A state of stimulation of
immunocytes, especially basophilic cells, is preferably
determined. The microscope may preferably be configured
for this as a quantitative phase contrast microscope. An
optical path of the light through at least one immunocyte
and/or a light absorption by at least one immunocyte can be
measured and/or analyzed. In particular, dead immunocytes
can be distinguished from live immunocytes based on a
measurement of the optical path or of the path of the light,
because dead immunocytes burst on dying and this leads to
a change in the optical path or in the path of the light.
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[0021] According to a variant, a position of granules in
immunocytes, a motion of the granules and/or degranulation
are observed over an observation time of up to 10 minutes
or longer. The observation time is, in particular, in a range
of 60 sec to 300 sec. The observation time may be started
with the contacting of the blood sample with the at least one
allergen or with the introduction of the at least one allergen
into the microfluidic chip. A plurality of reaction chambers
of a microfluidic chip may be observed consecutively sev-
eral times at predefined time intervals during the observation
time. In particular, a plurality of planes or horizontal planes
may be observed several times consecutively at predefined
time intervals during the observation time. It is thus unnec-
essary to observe a single reaction chamber and/or a single
plane within a single reaction chamber uninterruptedly over
the entire observation time. It may suffice, instead, to make
a plurality of observations and/or recordings within the
observation time in order to carry out an analysis on the
basis of a sequence of observations and/or recordings.

[0022] The observation and/or analysis are preferably car-
ried out in an automated manner. The time needed and/or the
cost can be reduced hereby. In particular, digital image
recording and/or image acquisition is employed to observe
a response of the blood sample, especially of the immuno-
cytes, to the contacting with the at least one allergen. It is
possible to use, for example, an image processing software
for providing and/or analyzing recorded images. A possibly
existing allergic sensitization or allergy in respect to differ-
ent allergens can be tested hereby within a relatively short
time. A corresponding allergy test may be carried out in a
time of less than 6 hours, less than 3 hours, less than 1 hour
or less than 10 minutes.

[0023] A process for determining degranulation in cells,
especially a process having the features of the process being
described here for carrying out an allergy test, is an espe-
cially advantageous embodiment, which is also conceivable
on its own merit and independently from the present appli-
cation. Degranulation or the absence of degranulation can be
observed here by means of a microscope directly and/or
optically. The position and/or a change in the position of
granules of the cells being observed can be determined by
means of the microscope directly and/or optically. Degranu-
lation is determined, in particular, on the basis of an obser-
vation and/or measurement of a quantitative phase contrast.
A quantitative phase contrast of at least one cell can be
determined or measured here by means of an interferometric
measurement of superimposed light. A first part of the
superimposed light may pass through a reaction chamber
containing the at least one cell and another part of the
superimposed light may pass through a reference chamber
without cells. The microscope may be configured to generate
a holographic image.

[0024] Furthermore, a device for carrying out an allergy
test with a process according to the present invention is
advantageous, the device having a microscope and an at
least partially transparent microfluidic chip for the direct
and/or optical observation of degranulation and the micro-
scope being configured to generate a holographic image. The
microscope may optionally have only relevant parts, espe-
cially an objective lens device, a sensor device and/or a lens
device, of a usual microscope. An especially compact con-
figuration or design of the device may be able to be obtained
hereby. In particular, an allergic reaction or the absence of an
allergic reaction can be observed by means of the device.
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[0025] According to a variant, the microfluidic chip has at
least one reaction chamber, and especially a plurality of
reaction chambers. At least one, two or more microchannels
may open into the reaction chamber. A plurality of reaction
chambers may be separated from one another by means of
separating elements or walls. The microfluidic chip has, in
particular, transparent window surfaces in the area of the at
least one reaction chamber. The transparent window sut-
faces may be arranged on two sides of the microfluidic chip,
which sides face away from one another. The transparent
window surfaces may be oriented obliquely or at right
angles to an optical axis, an optical path and/or a light path
of the device and/or of the microscope. The transparent
window surfaces are arranged in relation to one another, in
particular, such that an optical path, a light path, a light wave
and/or an electromagnetic wave can enter the reaction
chamber through a first window surface and leave the
reaction chamber through a second window surface. A
reference chamber is preferably associated with each reac-
tion chamber. The reference chamber may have transparent
window surfaces. Transparent window surfaces of the ref-
erence chamber are arranged, in particular, on two sides of
the microfluidic chip that face away from one another. The
transparent window surfaces of the reaction chamber are
preferably also the transparent window surfaces of the
associated reference chamber. The window surfaces may be
formed each by means of a glass layer. A single or individual
glass layer may cover one side of the microfluidic chip here.

[0026] The at least one reaction chamber and/or a refer-
ence chamber preferably has a base or a transparent window
surface in the range of about 100 pmx100 pm each on two
sides facing away from one another. The base of the at least
one reaction chamber and/or of the reference chamber or the
transparent window surface in the area of the at least one
reaction chamber and/or in the area of the reference chamber
is especially smaller than 50,000 m?, smaller than 20,000
um? or about 10,000 m*. The at least one reaction chamber
and/or the reference chamber have especially a height of less
than 1 mm and/or less than 100 um.

[0027] According to another embodiment, the microscope
has an, especially digital, holographic microscope or a
shearography microscope. The microscope preferably has a
quantitative phase contrast microscope. The microfluidic
chip is arranged especially between a light source and an
objective lens device. The light source may be configured as
an LED or a laser. The microfluidic chip may be fastened to
a carrying device. The light source, on the one hand, and the
objective lens device and/or the microscope, on the other
hand, may be arranged, starting from the microfluidic chip,
in two areas mutually facing away from one another. Fur-
thermore, the objective lens device may be a part of the
microscope and/or be arranged between the microscope and
the microfluidic chip. The microscope is preferably con-
nected to a computer. The computer may be configured to
display, record, store and/or analyze images and/or data. In
particular, automated observation and/or analysis can be
carried out by means of a computer.

[0028] A microfluidic chip, especially for a device accord-
ing to the present invention, is especially advantageous and
is also conceivable independently as well as on its own merit
in respect to the present invention. The microfluidic chip
may have electrodes for the electrophoretic and/or dielec-
trophoretic positioning of cells, especially immunocytes.
The cells or immunocytes may be positioned in this con-
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nection in at least one reaction chamber of the microfluidic
chip. The microfluidic chip may have at least one reference
chamber. A respective reference chamber is especially asso-
ciated with each reaction chamber. In particular, a reference
chamber is formed adjacent to the reaction chamber based
on a shape and/or orientation of at least one electrode. The
electrode, which is especially strand-like, preferably has a
deflection and/or an arc to form the at least one reference
chamber. A dual function can thus be achieved by means of
one electrode. The at least one electrode brings about, on the
one hand, a reliable positioning and/or holding of cells or
immunocytes in the reaction chamber. At the same time, the
at least one reference chamber is formed based on the
suitable configuration or shape of the at least one electrode.
The electrode guarantees in this connection that no cells or
immunocytes will enter the reference chamber, especially
after positioning the cells in the reaction chamber. The
reference chamber is preferably formed between a first
electrode and at least one additional electrode.

[0029] Especially advantageous is the use of a process
according to the present invention, of a device according to
the present invention and/or of a microfluidic chip according
to the present invention for carrying out an allergy test. The
visualization or the quantitative detection of degranulation
represents, in particular, as opposed to prior-art allergy tests,
adirect method. As a result, the number of incorrect analyses
can be considerably reduced, and the time needed can be
considerably reduced, because a corresponding allergic
reaction can be observed within a period of a few minutes,
especially within 60 sec to 300 sec, in the presence of an
allergic sensitivity. Finally, comprehensive tests can be
carried out with the known and usual allergens used hitherto
by means of a relatively small quantity of blood sample.

[0030] The present invention will be explained in more
detail below on the basis of the figures. The various features
of novelty which characterize the invention are pointed out
with particularity in the claims annexed to and forming a
part of this disclosure. For a better understanding of the
invention, its operating advantages and specific objects
attained by its uses, reference is made to the accompanying
drawings and descriptive matter in which preferred embodi-
ments of the invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]
[0032] FIG. 1 is a schematic lateral view of a device
according to the present invention;

[0033] FIG. 2 is a schematic detail top view of a micro-
fluidic chip according to the present invention; and

[0034] FIG. 3 is a schematic flow chart for a process
according to the present invention.

In the drawings:

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0035] Referring to the drawings, FIG. 1 shows a sche-
matic lateral view of a device 10 according to the present
invention. The device 10 has a microscope 11. The micro-
scope 11 is configured in this exemplary embodiment as a
digital holographic microscope. The microscope 11 may be
configured, in particular, to generate a holographic image.
The microscope 11 has, furthermore, an objective lens
device 12 and a sensor device 13 in this exemplary embodi-
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ment. The sensor device 13 may be configured as a detector
and/or as an image sensor, especially a CCD sensor.
[0036] The microscope 11 is connected to a computer 14.
As a result, data of the microscope 11 or of the sensor device
13 can be transmitted to the computer 14 by means of a data
line 15. Furthermore, the microscope 11 can be controlled by
means of the computer 14.

[0037] The device 10 has a light source 16. The light
source 16 is configured as an LED in this exemplary
embodiment. As an alternative, the light source 16 may be
a laser. The light source 16 is arranged in this schematic
view such that an optical axis 17 is oriented in the direction
of the microscope 11. The optical axis 17 is shown here as
a broken line. Furthermore, a spatial modulator, especially a
so-called SLM (Spatial Light Modulator), not shown more
specifically here, may be present for the light of the light
source 16.

[0038] The device 10 has a lens device 18. The lens device
is configured as a lens-filter device in this exemplary
embodiment. The lens device 18 is configured to focus
and/or filter a light beam 19. The light beam 19 is indicated
here schematically by means of dotted lines. The lens device
18 may have one or more lenses. Furthermore, the lens
device 18 is arranged between the light source 16 and the
microscope 11 on the optical axis 17. The lens device 18 can
be controlled in this exemplary embodiment to set or change
the focus. The lens device 18 may be controlled, for
example, by means of the computer 14.

[0039] Finally, the device 10 has a microfluidic chip 20.
The microfluidic chip 20 may be positioned and/or held by
means of a carrying device, which is not shown in more
detail here. The microfluidic chip 20 is arranged between the
light source 16 and the microscope 11. The microfluidic chip
20 is positioned here on the optical axis 17 between the lens
device 18 and the objective lens device 12. The microfluidic
chip 20 has an at least partially transparent configuration. As
a result, the light beam 19 can be guided, starting from the
light source 16, through the microfluidic chip 20 to the
microscope 11. As an alternative, the microfluidic chip 20
may be configured such that it is transparent on one side
only, in which case the irradiation and the observation or
measurement are performed from the same side.

[0040] The microfluidic chip 20 has at least one reaction
chamber 21. The microfluidic chip 20 has transparent win-
dow surfaces 22, 23 at least in the area of the at least one
reaction chamber 21. The window surfaces 22, 23 are
arranged on two sides of the microfluidic chip 20, which
face away from one another. The plane of the microfluidic
chip 20 or of the window surfaces 22, 23 is oriented
obliquely and in this exemplary embodiment essentially at
right angles to the optical axis 17.

[0041] A focus 24 of the light beam 19 is positioned within
the reaction chamber 21. The position of the focus 24 within
the at least one reaction chamber 21 can be changed by
means of a suitable control, especially the computer 14. For
example, the focus 24 can be shifted essentially in the
longitudinal direction of the optical axis 17. As a result,
different planes or horizontal planes can be observed within
the at least one reaction chamber 21.

[0042] FIG. 2 shows a schematic detail of a microfluidic
chip 20 according to the present invention. The schematic
detail is shown here as a top view. The microfluidic chip 20
has a plurality of reaction chambers 21, but only a single
reaction chamber 21 is shown here. The microftuidic chip 20
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has a plurality of separating elements 25. The position
and/or size of the at least one reaction chamber 21 can be
defined by means of the separating elements 25. The sepa-
rating elements 25 are used, in particular, to separate a
plurality of reaction chambers 21. The separating elements
25 are configured as partitions in this exemplary embodi-
ment.

[0043] The reaction chamber 21 has an access opening 26.
Cells or immunocytes of a blood sample, which are not
shown here in more detail, can enter the reaction chamber 21
by means of the access opening 26. The term blood sample
may be used for a direct blood sample or for a serum from
a direct blood sample, which serum was mixed or brought
into contact with cells of special cell lines.

[0044] Furthermore, the microfluidic chip 20 has at least
one microchannel 27. Each reaction chamber 21 is con-
nected, in particular, with at least one microchannel 27. At
least one allergen, not shown here in more detail, can be
guided by means of the microchannel 27 into the reaction
chamber 21. The access openings 26 and the microchannel
27 are arranged in this exemplary embodiment on sides of
the reaction chamber 21 that face away from one another.
Furthermore, both the access opening 26 and the microchan-
nel 27 are configured in this exemplary embodiment by
means of two separating elements 25 arranged parallel to
one another and mirror-symmetrically to one another.
[0045] The microfluidic chip 20 has a dielectrophoretic
positioning device 28. The dielectrophoretic positioning
device 28 has a plurality of electrodes 29, 30, 31. The
electrodes 29, 30, 31 have an essentially strand-like con-
figuration. Furthermore, the electrodes 29, 30, 31 are ori-
ented essentially parallel to one another. The dielectropho-
retic positioning device 28 or the electrodes 29, 30, 31 are
arranged or configured such that cells or immunocytes can
be positioned dielectrophoretically in the at least one reac-
tion chamber 21. The electrode 31 located closest to the
reaction chamber 21 has a deflection 32 in the area of the
reaction chamber 21 or of the access opening 26. The
deflection 32 is formed in the direction of the reaction
chamber 21 or of the access opening 26. The deflection 32
is embodied in this exemplary embodiment as a type of
bulge of the electrode 31. As an alternative, the deflection 32
may have an essentially C-, U- or V-shaped configuration.
The deflection 32 partially protrudes in this exemplary
embodiment into the area of the access opening 26. In case
of a plurality of reaction chambers 21 arranged next to one
another, the electrode arranged closest to the reaction cham-
bers 21 may have a meandering configuration. An arch is
formed in this case in the area of the reaction chambers 21
in the direction of the reaction chamber 21 and a respective
arch pointing away from the separating elements 25 is
formed in areas of the separating elements 25.

[0046] Due to the deflection 32, a reference chamber 33 is
formed between the electrode 31 having the deflection 32
and the electrode 30 located closest hereto. Due to the
dielectrophoretic action of the positioning device 28, it can
be achieved that no cells or immunocytes can be positioned
within the reference chamber 33 and they can only be
positioned in the reaction chamber 21. At the same time, at
least one allergen can be guided by means of the micro-
channel 27 both into the reaction chamber 21 and the
reference chamber 33. As an alternative, the at least one
allergen can only be guided into the reaction chamber 21 and
not into the reference chamber 33.
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[0047] The reaction chamber 21 and the reference cham-
ber 33 can be observed directly and/or optically by means of
window surfaces 22, 23, as is shown in FIG. 1. The reference
chamber 33 makes possible the observation of superimposed
light, which passes through the reaction chamber 21 and
through the reference chamber 33. A first part of the super-
imposed light can pass through the reaction chamber 21 and
another part of the superimposed light can pass through the
reference chamber 33. A quantitative phase contrast micros-
copy 1s made possible hereby.

[0048] FIG. 3 shows a schematic flow chart for a process
according to the present invention. The process will be
explained below in more detail taking into account the
device 10 and the microfluidic chip 20 according to FIGS.
1 and 2.

[0049] After a start of the process according to step S10,
a blood sample is taken with step S11. For example, a blood
sample may be taken from a person or a patient in the usual
manner by means of a needle or syringe. However, relatively
small quantities of blood are sufficient for the process
according to the present invention. In particular, a blood
sample quantity of less than 50 mL, less than 20 mL or less
than 1 mL is sufficient.

[0050] The blood sample is subsequently processed
according to step S12. An additive is added to the blood
sample within the framework of the processing of the blood
sample in this exemplary embodiment in order to prevent
clotting of the blood. Furthermore, the percentage of the
immunocytes to be tested is increased in the blood sample
within the framework of the processing of the blood sample.
Red blood cells are removed for this purpose from the blood
sample in this exemplary embodiment by means of pro-
cesses that are known per se. Furthermore, nonrelevant
white blood cells may likewise be removed according to
processes that are known per se. The basophilic cells are
isolated or their percentage is increased in the blood sample
in this exemplary embodiment. It is sufficient in this exem-
plary embodiment to increase the percentage of basophilic
cells in the blood sample in a range of 10% to 20%. The
blood sample is then suspended or the cells are then sus-
pended in a suitable medium in order to keep the cells alive
for a predefined time, especially for up to 24 hours.

[0051] The blood sample is subsequently applied to or
introduced into a microfluidic chip 20 according to step S13.
The microfluidic chip 20 may be configured here such that
the blood sample or the immunocytes to be tested are guided
into the microfluidic chip 20 by means of capillary forces.
As an alternative, the blood sample or the immunocytes may
be pumped into the microfluidic chip 20 by means of a
suitable device.

[0052] Immunocytes are then positioned in at least one
reaction chamber 21 according to step S14. The positioning
may be carried out here by means of suitably configured cell
traps, microchannels or an electrophoretic or dielectropho-
retic positioning device 28. A plurality of immunocytes are
arranged each time in a reaction chamber 21 by means of the
dielectrophoretic positioning device 28 in this exemplary
embodiment. Furthermore, immunocytes are guided into a
plurality of reaction chambers 21 and are held there by
means of the dielectrophoretic positioning device 28.

[0053] At least one allergen is subsequently introduced
according to step S15. At least one allergen is guided,
especially in the liquid form, into the reaction chamber 21
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and into the corresponding reference chamber 33 by means
of the microchannel 27 in this exemplary embodiment.
[0054] An optical monitoring of the immunocytes is car-
ried out according to step S16. The optical monitoring may
already be started prior to the introduction of the at least one
allergen, together with the introduction of the at least one
allergen or immediately after the introduction of the at least
one allergen. Optical monitoring is carried out in this
exemplary embodiment by means of the microscope 11. The
optical monitoring is embodied in this exemplary embodi-
ment as a quantitative phase contrast microscopy. Granules
of the immunocytes are observed here directly and/or opti-
cally by means of the microscope 11. The observation is
carried out, in particular, over a predefined time of 60 sec to
300 sec or longer in order to determine whether degranula-
tion takes place after contacting the immunocytes with the at
least one allergen. The microscope 11 may make possible for
this a digital image recording or a digital image acquisition.
A plurality of immunocytes are observed within the frame-
work of the observation or monitoring performed in different
planes or horizontal planes of the at least one reaction
chamber 21. The microscope 11 may be configured for this
especially for generating a holographic image.

[0055] An analysis of the optical observation or monitor-
ing is then carried out according to step S17. If degranula-
tion is observed after contacting the immunocytes with the
at least one allergen, this is classified as an allergic reaction.
If, by contrast, no observable degranulation takes place, this
is considered to be a non-allergic reaction.

[0056] The process then ends according to step S18.
[0057] While specific embodiments of the invention have
been shown and described in detail to illustrate the appli-
cation of the principles of the invention, it will be under-
stood that the invention may be embodied otherwise without
departing from such principles.

1. A process for carrying out an allergy test, the process
comptrising:

taking a blood sample;

contacting the blood sample with at least one allergen in

vitro; and

observing in vitro at least one allergic reaction or an

absence of'the at least one allergic reaction by means of
a microscope directly and/or optically comprising
observing a position of granules is by means of the
microscope, wherein the granules are observed in dif-
ferent planes or horizontal planes.

2. A process in accordance with claim 1, wherein degranu-
lation of immunocytes, granulocytes, basophilic cells, baso-
philic granulocytes and/or mast cells, of the blood sample is
observed with the microscope in case of an allergic reaction,
and an absence of degranulation is classified as a non-
allergic reaction and a presence of degranulation is classified
as an allergic reaction on the basis of the direct and/or optical
observation of the immunocytes on contacting with the at
least one allergen.

3. A process in accordance with claim 1, wherein after
taking the blood sample and before contacting the blood
sample with the at least one allergen, the blood sample is
processed to increase a percentage of immunocytes, wherein
the percentage of immunocytes in the blood sample is
increased to more than 5%, or higher, and a percentage of
red blood cells and/or of white blood cells different from
immunocytes, granulocytes, basophilic cells, basophilic
granulocytes and/or mast cells is reduced.
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4. A process in accordance with claim 1, wherein a
microfluidic chip is used for contacting the blood sample
with the at least one allergen, wherein immunocytes of the
blood sample are arranged in at least one reaction chamber
of the microfluidic chip, and the at least one reaction
chamber and/or at least one reference chamber of the micro-
fluidic chip has an at least partially transparent configura-
tion.

5. A process in accordance with claim 4, wherein at least
one allergen is guided into the at least one reaction chamber,
and the at least one allergen is especially guided both into the
at least one reaction chamber containing the immunocytes
and into a reference chamber without immunocytes, and a
respective reference chamber is associated with each reac-
tion chamber.

6. A process in accordance with claim 4, wherein immu-
nocytes of the blood sample are arranged on or in the
microfluidic chip by means of a microfluidic cell trap,
electrophoresis and/or dielectrophoresis, immunocytes are
positioned and/or held by means of electrophoresis and/or
dielectrophoresis in at least one reaction chamber, and at
least one reference chamber is provided as a chamber free
from immunocytes by means of electrophoresis and/or
dielectrophoresis.

7. A process in accordance with claim 1, wherein the
position and/or a change in the position of granules of
immunocytes are observed directly and/or optically by
means of the microscope, and an especially digital, holo-
graphic microscopy, shearography and/or a quantitative
phase contrast microscopy are preferably carried out with
the microscope.

8. A process in accordance with claim 1, wherein live
immunocytes of the blood sample are identified by means of
the microscope, the identification of live immunocytes being
carried out in an automated manner, and only immunocytes
identified as live immunocytes are taken into account during
the observation and/or the analysis of a reaction of the
immunocytes on contacting the immunocytes with the at
least one allergen.

9. A process in accordance with claim 1, wherein a
position of granules in immunocytes, a motion of the gran-
ules and/or degranulation are observed over an observation
time of up to 10 minutes or over an observation time of 60
sec to 300 sec, the observation time being started with the
contacting of the blood sample with the at least one allergen,
and a plurality of reaction chambers of a microfluidic chip
are observed several times consecutively at predefined time
intervals during the observation time.

10. A process in accordance with claim 1, wherein the
observation and/or analysis are carried out in an automated
manner, comprising using a digital image recording to
observe a reaction of the blood sample upon contacting the
blood sample with the at least one allergen and/or using an
image processing software to provide and/or analyze
recorded images.

11. A process for determining degranulation in cells,
especially with a process in accordance with claim 1, in
which a blood sample is taken, and in which the blood
sample is contacted in vitro with at least one reaction
partner, wherein degranulation or the absence of degranu-
lation is observed directly and/or optically by means of a
microscope, the determination of the degranulation being
carried out especially on the basis of an observation and/or
measurement of a quantitative phase contrast.



US 2019/0250146 Al

12. A device for carrying out an allergy test with a process
comprising taking a blood sample, contacting the blood
sample with at least one allergen in vitro, and observing in
vitro at least one allergic reaction or an absence of the at
least one allergic reaction directly and/or optically compris-
ing observing a position of granules, wherein the granules
are observed in different planes or horizontal planes, the
device comprising:

a microscope; and

an at least partially transparent microfluidic chip for the

direct and/or optical observation of an allergic reaction
or for observing the absence of an allergic reaction,
wherein the microscope is configured to generate a
holographic image.

13. A device in accordance with claim 12, wherein the
microfluidic chip comprises at least one reaction chamber,
and the microfluidic chip comprises transparent window
surfaces in an area of the at least one reaction chamber on
two sides facing away from one another, and a reference
chamber, with transparent window surfaces associated with
the at least one reaction chamber on two sides facing away
from one another.

14. A device in accordance with claim 13, wherein the at
least one reaction chamber and/or a reference chamber have
a base or a respective transparent window surface of 100
umx100 pm on the two sides facing away from one another,
and the at least one reaction chamber and/or the reference
chamber have a height of less than 1 mm.

15. A device in accordance with claim 12, further com-
prising a computer, wherein

the microscope comprises a digital, holographic micro-

scope, a shearography microscope and/or a phase con-
trast microscope,

the microfluidic chip is arranged between a light source

and an objective lens device, and

the microscope is connected to the computer for viewing,

recording and/or analyzing images and/or data.

16. A microfiuidic chip comprising:

at least one reaction chamber;

a reference chamber;
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electrodes for an electrophoretic and/or dielectrophoretic
positioning of immunocytes in the at least one reaction
chamber, wherein the reference chamber is formed
adjacent to the reaction chamber based on a shape
and/or orientation of at least one of the electrodes, the
at least one of the electrodes comprising a strand
electrode having a deflection and/or an arch to form the
reference chamber.

17. A process in accordance with claim 1, further com-
prising providing a device comprising a microscope and an
at least partially transparent microfluidic chip for the direct
and/or optical observation of an allergic reaction or for
observing the absence of an allergic reaction, wherein the
microscope is configured to generate a holographic image,
wherein the microfluidic chip is used for the step of con-
tacting the blood sample and the microscope is used for the
step of observing.

18. A process in accordance with claim 17, wherein the
microfluidic chip comprises at least one reaction chamber
and the microfluidic chip comprises transparent window
surfaces in an area of the at least one reaction chamber on
two sides facing away from one another, and a reference
chamber, with transparent window surfaces associated with
the at least one reaction chamber on two sides facing away
from one another.

19. A process in accordance with claim 18, wherein the at
least one reaction chamber and/or a reference chamber have
a base or a respective transparent window surface of 100
pumx100 pm on the two sides facing away from one another,
and the at least one reaction chamber and/or the reference
chamber have a height of less than 1 mm.

20. A process in accordance with claim 19, wherein:

the microscope comprises a digital, holographic micro-

scope, a shearography microscope and/or a phase con-
trast microscope;

the microfluidic chip is arranged between a light source

and an objective lens device; and

the microscope is connected to a computer for viewing,

recording and/or analyzing images and/or data.
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