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1
DEVICE AND METHOD FOR THE
QUANTIFICATION OF CELLULAR AND
NON-CELLULAR BLOOD COMPONENTS

RELATED APPLICATIONS

This application is related to international patent applica-
tion PCT/IB2018/055278 filed on Jul. 17, 2018 and titled
Device and Method for the Quantification of Cellular and
Non-Cellular Blood Components, the entire content(s) of
which is/are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a device and relative
method for the quantification of corpusculated and non-
corpusculated components present in a solution containing a
blood sample, by means of the concentration and magneto-
phoretic separation of the components of interest from the
rest of the sample and the impedentiometric detection of the
quantity of these components.

DESCRIPTION OF THE RELATED ART

For the purposes of the present description “corpusculated
components” refer to the cell components of the blood such
as red blood cells, white blood cells and platelets.

“Non-corpusculated components™ refer instead to those
non-cell components, in any case with a volume smaller than
or comparable to that of the cells, yet greater than that of the
single molecules. These non-corpusculated components can
be, for example, crystals of some substances which develop
in particular pathological conditions, such as for example
the crystals of haemozoin produced by the plasmodium of
malaria.

More particularly, the present invention relates to a device
and relative method which allows and provides for the
isolating and concentrating spatially of one or more corpus-
culated haemocomponents, as well as one or more sub-
stances present in the plasma, exploiting the differences
between the magnetic properties of said haemocomponents
and/or said substances and the magnetic properties of the
other haemocomponents or substances not of interest.

Once separation and concentration have taken place, the
device and the relative method of the present invention
provide, therefore, for the quantification, of these corpuscu-
lated haemocomponents and/or of these substances present
in the plasma to take place by means of the measurement of
the variation in impedance between two or more electrodes
placed in proximity of the zones of concentration.

The field of application of the present invention relates
therefore to the diagnosis of all those pathologies that cause
an alteration of the magnetic properties of one or more types
of blood corpuscles and/or give rise to the formation of
substances with different magnetic properties from plasma,
said substances being absent or in a different concentration
in physiological conditions.

More particularly, pathologies are known that cause the
alteration of the magnetic properties of the erythrocytes, or
red blood cells, such as malaria, as well as pathologies which
cause the alteration of the magnetic properties of the white
blood cells. For example, in the case of malaria, it is known
how the plasmodium, during the malaria pathogenesis, pro-
duces a particular substance mentioned above, which takes
the name of haemozoin and is a paramagnetic substance.
More particularly, the haemozoin is produced in the form of
crystals which are accumulated in the infected erythrocytes,
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making them paramagnetic. Moreover, in the non-early
phases of malaria, the membrane of the infected red blood
cells breaks, giving rise to the release of the crystals of
haemozoin in the plasma, which is, instead, diamagnetic.

Pathologies are also known in which it is not the magnetic
properties of corpuscles of the blood that vary but instead
their density. An example of this type comes from sickle cell
anaemia, where, while the diamagnetism of the red blood
cells remains unchanged, their density changes. In this case,
by adding a strongly paramagnetic substance to the plasma,
such as for example gadolinium, it can be thought to exploit
the magnetic difference between the red blood cells and the
gadolinium solution added to the plasma together with the
difference in density between the sick red blood cells and
healthy red blood cells in order to obtain the separation and,
therefore, perform the count of the pathological erythro-
cytes.

At the state of the art, techniques are known of separation
of corpusculated components of the blood, based on the
different magnetic behaviour assumed by these components
in physiological and pathological conditions.

More particularly, in the patent application U.S. Pat. No.
5,985,153 A a device is described for the separation of cells
or other magneto-sensitive biological entities comprising: a
substrate, a generator of an external magnetic field and a
microfiuidic system for the loading and unloading of the
blood.

In document US0127222A a generic system is instead
described for the immobilisation of cells previously marked
with magnetic particles, in such a way that they can be
attracted by ferromagnetic structures formed on a chip and
placed in an external magnetic field.

In the application W0O2010091874 a particular ferromag-
netic structure is described, composed of magnetic conduits,
capable of attracting magnetic particles in particular points
in which magnetic domain walls are located. In all the prior
art documents mentioned above, as well as in a part of the
scientific literature listed in the bibliography [S. Bhakdi et
al., Optimized high gradient magnetic separation for isola-
tion of Plasmodium-infected red blood cells, Malaria Jour-
nal 2010, 9:38]; [J. Nam et al., Magnetic Separation of
Malaria-Infected Red Blood Cells in Various Developmental
Stages, Anal. Chem., 85, 7316-7323 (2013)]; [Ki-Ho Han
and A. Bruno Frazier, Paramagnetic capture mode magne-
tophoretic microseparator for high efficiency blood cell
separations, Lab Chip, 6, 265-273 (2006)], only the mag-
netophoretic separation of the components of interest from
the rest of the blood sample is described, and no mention is
made of the detection of the number of these components.

In the patent application US20120003687A and in the
scientific publications [E. Du, et al., Electric Impedance
Microflow Cytometry for Characterization of Cell Disease
States, Lab Chip. 2013 Oct. 7; 13(19): 3903-3909] e [M.
Ibrahim, J. Claude, D. Kourtiche and M. Nadi, Geometric
parameters optimization of planar interdigitated electrodes
for bioimpedance spectroscopy, J Electr Bioimp, vol. 4, pp.
13-22, 2013] techniques of impedentiometric quantification
of corpusculated components are described.

These techniques have not however ever been used in
association with magnetophoretic separation and concentra-
tion. Impedentiometric detection requires that the volumet-
ric fraction of the corpuscles in proximity of the electrodes
is sufficiently high, in order to obtain a signal-to-noise ratio
in the output signal which is sufficient in order to guarantee
a correct quantification of the separated components.

This concentration is usually obtained with microfluidics
techniques which considerably increase the degree of com-
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plexity of the system and make it poorly suited to a use by
a non-specialised user, for example the actual patient.

The device proposed intends to overcome these difficul-
ties by replacing the microfluidics part with a system of
magnetic separation and concentration of the components of
interest on zones of the substrate in which the detection
electrodes are located. In order to perform the measurement
the non-specialised user has to dispense on the support a
drop of newly sampled blood and then place it in contact
with the substrate on which the concentrator elements and
the electrodes are housed, in turn placed face downwards
within an external magnetic field.

For a volume of the drop of blood sampled of the order of
around ten microlitres and supposing that the capture of the
components of interest takes place at most at a distance from
the concentrators comprised between 20 and 200 microme-
tres, the dimensions of the active area for the capture on the
substrate must be of the order of a few cm” and, in particular,
comprised between 0.5 and 5 cm,. The support must also
have approximately the same dimensions.

On these values of active area a high concentration of
components of interest is necessary in order to ensure an
adequate signal-to-noise ratio. As will be explained in
greater detail here below, this concentration can be quanti-
fied by means of a so-called concentration factor Fe which
comes from the ratio between the active area of the substrate
within which the drop containing the components which are
to be quantified is confined and the area defined by the
detection electrodes. In order to have an adequate signal-
to-noise ratio in the output signal the concentration factor Fe
must preferably be at least around 100.

The object of the present invention is therefore that of
providing a device and relative method which are able to
quantify the haematic components of interest starting from
a quantity of blood such as that which can be extracted by
means of pricking with a needle the finger of a patient (5-10
microlL) and produce a signal in output with a signal-to-
noise ratio such as to allow the detection of corpusculated
and non-corpusculated components of the blood with lower
limit of concentration up to 10 components per microlitre.

This object is achieved by the present invention with a
measurement of the impedentiometric type performed by
means of appropriate detection electrodes. The device of the
present invention comprises, in fact:

at least one pair of detection electrodes, said at least one
pair of detection electrodes comprising at least one first
electrode connected with a first input apt to receive a
first signal in input (V+) and a second electrode;

at least one pair of reference electrodes; said at least one
pair of reference electrodes comprising a first electrode
connected with a second input configured to receive a
second signal in input (V+) of opposite polarity to the
first input signal (V+) and a second electrode connected
to the second electrode of said at least one pair of
detection electrodes, in a common point wherefrom an
output signal (Out) is picked up;

at least one concentrator of ferromagnetic material, con-
figured to co-operate with a magnetic field external to
the device, in such a way as to cause the concentration
of'said components on said at least one pair of detection
electrodes;

a substrate configured for the housing of: said at least one
pair of detection electrodes; said at least one pair of
reference electrodes and said at least one concentrator;

a support configured to receive a sample of blood or of
solution containing blood; and
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at least one spacer element, configured to confine in the
plane of the substrate the blood sample and to distance
said substrate from said support.

Said at least one concentrator can be a cylinder or a
parallelepiped or an element of another shape placed on the
substrate, placed at the detection electrodes and is consti-
tuted by ferromagnetic material. The concentrator, attracting
towards itself the components to be quantified, ensures that
the latter are not distributed everywhere in the area covered
by the substrate but concentrate, instead, in proximity of said
concentrator, and therefore in proximity of the detection
electrodes.

In this way, dimensioning appropriately both the concen-
trator and the detection electrodes, the concentration factor
can increase up to the value necessary for obtaining an
adequate signal-to-noise ratio.

The device described above co-operates with means for
the generation of a static magnetic field, with which it forms
an apparatus. These means for the generation of said field are
permanent magnets configured so as to generate a magnetic
field, optionally, characterised also by a macroscopic gradi-
ent.

Said field is able to attract uniformly towards the substrate
the components sought, when they are at a great distance
from the concentrators, and of magnetising the aforemen-
tioned concentrators to create therefore an intense local
magnetic field gradient, which completes the separation of
the components to be quantified from the rest of the solution
and produces their accumulation on the concentrators.

This separation takes place thanks to the competition
between the gravitational force which aims towards the
ground and the magnetic attraction force in the direction
opposite to that of the gravitational force. The detection
electrodes are placed in proximity of said concentrator
elements, while the reference ones are placed in areas
without said concentrators.

In this way the separated components accumulate selec-
tively on the detection electrodes but not on the reference
ones, causing a specific variation of the impedance between
the detection electrodes with respect to the spurious one
possibly recorded between the reference electrodes. The
output signal of the impedentiometric quantification system
is therefore proportional to the difference between the
impedance variation recorded between the detection elec-
trodes and the one between the reference electrodes. The
number of components of interest of this output signal can
then be estimated through comparison with an appropriate
calibration curve, performed by means of a processor.

As mentioned above, the device and relative method of
the present invention can be applied to the diagnosis of any
pathology which is the cause of a variation of the magnetic
properties of one more haematic components, as well as to
the diagnosis of pathologies which cause a variation in the
density of one or more components, in this case providing
for the addition in the sample of blood to be analysed of a
solution of different magnetic properties with respect to the
plasma.

Among the various pathologies for the diagnosis of which
it is possible to use the device of the present invention,
malaria is however of particular interest, in that the diag-
nostic devices for this type of pathology, today present on
the market, have some limitations which make them not
always easy to use in particularly disadvantaged contexts,
such as the typical ones of endemic zones, often located in
developing countries. The most sensitive method currently
available for the diagnosis of malaria is based in fact on gene
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recognition of the various strains of plasmodium by means
of PCR (polymerase chain reaction).

This type of method is particularly complex and delicate
and, therefore, difficult to apply in contexts that are not
technologically advanced. Moreover PCR is not a pan-
plasmodium method but is targeted at specific strains and
subject, therefore, to the problems arising from the continu-
ous mutations of the plasmodium.

The method, instead, of the “thin smear and/or thick drop”
which consists in counting under the optical microscope the
red blood cells infected by the plasmodium in a drop of
blood, while not requiring complex instrumentation, needs
highly expert staff, entails a certain variability in the inter-
pretation of the results and long analysis times.

The rapid tests (RDT) based on the antibody-antigen
interaction are, instead, characterised by such low sensitivity
as to prevent use thereof for early diagnosis. Moreover, due
to the latent presence of the antigen in the body of patients
in an endemic zone, the methods based on the antibody-
antigen interaction give rise to a high number of false
positives.

A second object of the present invention is therefore that
of providing a device and relative method which also allow
the early diagnosis of malaria, is pan-plasmodium, has
adequate sensitivity and is of such simplicity and economi-
cal nature as to be able to be used also in those zones where
the economic means available do not allow the use of
complex instruments and specialist personnel.

This object is achieved by the device and method of the
present invention, in that the latter is able to perform the
magnetic separation and the quantification both of the
infected erythrocytes and the magnetic separation and direct
detection of the free haemozoin crystals in the plasma.

The quantification of the infected erythrocytes allows a
direct valuation of the parasitemia to be obtained, which is
normally quantified by calculating the ratio between infected
erythrocytes and healthy erythrocytes, optionally also in the
early phase of the disease, before the completion of the first
cycle of reproduction of the plasmodium (48-72 hours).

The direct detection of the crystals of haemozoin is,
instead, particularly useful, in the non-initial phases of the
disease, such as for example concurrent with the first fever
attack, since, in these phases, the erythrocytes have already
undergone the breakage of the membrane, and the only thing
which can effectively be quantified in circulation is the free
haemozoin.

These and further objects of the present invention will be
made clearer by the reading of the following detailed
description of some preferred embodiments of the present
invention, to be understood by way of a non-limiting
example of the more general concepts claimed, and from the
examples relating to experimental tests performed on the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description refers to the accompanying
drawings in which:

FIG. 1 is an overall diagram of an apparatus comprising
a device according to the present invention apt to be used for
the diagnosis of malaria;

FIG. 2 is an example diagram of the positioning of the
detection and reference electrodes with respect to the con-
centrators, in a first embodiment of the present invention;
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FIG. 3a shows a section of a first embodiment of the
device of the present invention, said section being along a
plane perpendicular to the greater dimension of said at least
one concentrator;

FIG. 35 shows a detail of the section shown in FIG. 3a,
relating to said at least one concentrator;

FIG. 3¢ shows a detail of the section shown in FIG. 3a,
relating to said at least one pair of detection electrodes;

FIG. 4 is a view from above of a first embodiment of the
device of the present invention;

FIG. 5 is a view from above of a detail of a second
embodiment of the present invention;

FIG. 6 shows the trend of the percentage resistance
variation between the detection electrodes and the reference
electrodes as a function of the level of parasitemia generated
by the capture of erythrocytes infected by the plasmodium of
the malaria, in a second embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Referring to FIGS. 1, 3a, 35 and 3¢ and 5, the device (1)
of the present invention comprises:

a plurality of detection electrodes (4, 4', 5, 5, 6, 6', 34,

34),

a pair of reference electrodes (7,7, 8, 8,9, 9', 37, 37") for
each pair of

detection electrodes (4, 4', 5, 5' 6, 6', 34, 34");

a concentrator (10, 10', 10", 14, 14', 14") for each pair of
detection electrodes (4, 4', 5, 5', 6, 6"), said concentrator
(10, 10', 10") being configured to attract magnetically
the components (3, 3', 3") to be quantified and concen-
trate said components on the detection electrodes (4, 4',
5,516, 6't 34, 34",

a substrate (11) configured for the housing of the detection
electrodes (4, 4', 5, 5', 6, 6', 34, 34"), of the reference
electrodes (7, 7', 8, 8, 9, 9. 37, 37") and of the
concentrators (10, 10', 10", 14, 14', 14");

a support (12) configured to receive a sample of blood or
of solution containing blood; and

at least one spacer element (13, 13') configured to confine
the sample to be analysed and to distance said substrate
(11) from said support (12).

Said at least one spacer element (13, 13') can be ring shaped.

The device (1) of the present invention can be inserted
inside an apparatus (100) comprising also:

an electronic unit for the generation of the input signals,
the readings of the signals generated by the electrodes
(7, 8,9, 4,5, 6', 34", 37") and their processing;

a housing configured for the positioning of said device
@)

a plurality of connectors for the connection between said
device (1) and

said electronic unit; and

means for the generation of a static magnetic field (101,
102, 103), said means (101, 102, 103) being configured
to generate a magnetic field able to cause the separation
of the components (3, 3', 3") to be quantified from the
rest of the solution.

In the particular case of malaria, said means (101, 102,
103) for the generation of a static magnetic field are able to
generate a field which, preferably, has an intensity of at least
10* A/m and a macroscopic gradient of at least 10° A/m?
aimed towards the substrate or exiting therefrom, respec-
tively in the case of paramagnetic or diamagnetic compo-
nents with respect to the liquid medium in which they are
dispersed.
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Said means comprise a plurality of permanent magnets
(101, 102, 103) positioned so that the field generated by said
magnets (101, 102, 103) overcomes the resultant of the
weight force and of that of Archimedes acting on the
components of interest at a great distance from the substrate,
preventing said components from precipitating on the sur-
face of the support.

Moreover the field generated by said magnets must be
able to magnetise effectively the concentrator elements so
that they produce an intense gradient of local magnetic field
able to attract selectively and concentrate said components
(3, 3', 3") only on the areas of the substrate (11), occupied
by the detection electrodes (4, 4, 5, 5, 6, 6'), said compo-
nents (3, 3', 3") being paramagnetic.

It is obvious that in the cases wherein the components to
be quantified are diamagnetic, said means for the generation
of a static magnetic field comprise a plurality of permanent
magnets positioned so that the gradient of the field generated
by said magnets is exiting from the substrate, such as to
overcome the weight force at a great distance. Similarly, the
local field gradient produced by the magnetic concentrators
must be exiting from the zones with the detection electrodes
and ensure that said components accumulate at said detec-
tion electrodes, said components being diamagnetic.

Referring to FIG. 2, in a first embodiment of the present
invention each pair of detection electrodes (4, 4', 5, 5', 6, 6"),
comprises a first electrode (4, 5, 6) apt to receive a first
signal in input (V+) and a second electrode (4', 5', 6'). Each
pair of reference electrodes (7, 7', 8, 8', 9, 9') comprises a
first electrode (7, 8, 9) apt to receive a second signal in input
(V-) of opposite polarity to the first input signal (V+) and a
second electrode (7', 8', 9') connected to the second electrode
(4', 5, 6") of each pair of detection electrodes (4, 4', 5, 5', 6,
6'), in a common point from which the output signal (Out)
is picked up.

Referring to FIGS. 3aq, 35, 3¢, in a first embodiment of the
present invention, apt for the diagnosis of malaria, the
concentrators (10, 10', 10") are made of ferromagnetic
material, such as Ni, Fe, Co, NiFe, CoFe, etc., and have the
shape of a parallelepiped with the greater dimension which
extends perpendicularly to the plane shown in FIG. 3a. In
order to guarantee a sufficient concentration factor for
obtaining an adequate signal-to-noise ratio, the dimensions
of the concentrators (10, 10', 10") and of the detection
electrodes (4, 4', 5, 5, 6, 6') must be, preferably, comprised
within the ranges listed in Table 1.

TABLE 1

hz is the smaller dimension of the base of a concentrator,
wy is the larger dimension of the base of a concentrator and
dz is the distance between one concentrator and the adjacent
concentrator. hy is the smaller dimension of the base of a
detection electrode, w the larger dimension of the base of a
detection electrode and dz the distance between two adjacent
electrodes at the same concentrator.

he Wg dr hg Wg dg
Component (pm)  (pm)  (um) (pm)  (pm)  (um)
i-RBC 10-30  30-60  30-60  10-300  2-6 2-6
HC 5-10 1530 15-30  10-300  1-3 1-5

In the first row of Table 1, the ranges are shown of the
dimensions of the concentrators and of the detection elec-
trodes necessary for a correct detection of the erythrocytes
infected (i-RBC) by the plasmodium of the malaria. While
in the second row of Table 1 the ranges are shown of the

8

dimensions of the concentrators and of the detection elec-
trodes necessary for a correct detection of the free crystals
of haemozoin (HC).

Referring to FIG. 4, the substrate (11) and, therefore the
5 actual device (1) of the present invention, the structure of the
detection electrodes (4, 4', 5, 5', 6, 6') and of the reference
electrodes (7, 7', 8, 8', 9, 9') shown in FIGS. 34, 36 and 3c,
can be replicated in nine square zones (300, 301, 302) into
which the substrate (11) is divided. The division of the active
area into several regions with independent readings allows
an increase in the ratio between the variation in impedance
produced by a single component attracted on the detection
electrodes and the overall impedance between the elec-
trodes, improving the signal-to-noise ratio in the case of low
concentrations of components to be detected. Since for each
zone an output contact is necessary towards the amplifier
from which to emit the output signal (Out), while all the
output signals (V+) and (V-) for detection electrodes and
reference electrodes need only two contacts, the total num-
ber of contacts to be formed on the chip is equal to 9+2=11.
This number is compatible with the positioning of 11
terminals (401, 402, 403) of dimension equal to 400x400 pm
on one side of the substrate (11).

Referring to FIG. 5, a second embodiment of the device
of the present invention provides for the use of a matrix of
ferromagnetic concentrators of cylindrical shape (14, 14,
14") evenly distributed on the substrate (11). FIG. 5 shows,
in particular, six pairs of detection electrodes (34, 34') and
six pairs of reference electrodes (37, 37'). The first electrode
(34) of each pair of detection electrodes (34, 34') is con-
nected to a first input configured for the reception of the first
input signal (V+) by means of a first connection path (44).
The first electrode (37) of each pair of reference electrodes
(37, 37" is connected to a second input configured for the
reception of the second input signal (V-) by means of a
second connection path (47). Similarly, the second electrode
(34") of each pair of detection electrodes (34, 34") is con-
nected to the node wherefrom the output signal (Out) is
emitted by means of a third connection path (44') and the
second electrode (37") of each pair of reference electrodes
(37, 37") is connected to the node wherefrom said output
signal (Out) is emitted by means of a fourth connection path
(47"). Above the first connection path (44), the second
connection path (47), the third connection path (44') and the
fourth connection path (47") an insulating layer (40, 40, 50,
50" is placed for each path, said insulating layer (40, 40', 50,
50" having dielectric constant and thickness such as to make
the impedance between said connection paths (44, 44', 47,
37" negligible. The configuration of the concentrators pro-
vided by the second embodiment allows a concentration
factor to be obtained which is even higher compared to that
which can be obtained with respect to the first embodiment.
To this end the dimensions of the concentrators (14, 14', 14")
and of the detection electrodes (34, 34', 35, 35") must be,
preferably, comprised within the ranges listed in Table 2.
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hz is the height of a concentrator, wz is
the diameter of the base of a concentrator and d is the distance
between one concentrator and the adjacent concentrator. hy is
the smaller dimension of the base of a detection electrode, wy is
60 the larger dimension of the base of a detection electrode and dz
the distance between the first detection electrode finger and the second
finger of said detection electrode.

by Wg dg hg Wg dg
Component (um)  (um)  (um) (mm)  (pm)  (um)
65 |-RBC and HC 10-30  10-30  50-150 10-300 1-3 1-5
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Table 2 shows the ranges of the dimensions of the
concentrators and of the detection electrodes necessary for a
correct detection both of the erythrocytes infected (i-RBC)
by the plasmodium of the malaria and of the free crystals of
haemozoin (HC). With these dimensions, supposing a length
L of the electrodes equal to 6 um, a concentration factor is
obtained

_ (de+we)

¢ L2wg +dp)

equal to approximately 400.
Example

The example described here below relates to the calcu-
lation of the percentage variation of impedance between the
detection electrodes and the reference electrodes in a second
embodiment of the present device and with reference to the
detection of i-RBC. In the particular case a substrate (11) of
area equal to 1 cm, was considered.

The substrate (11) (of dimension 1 cm?) was divided into
nine square zones (as in FIG. 4), each one provided with a
matrix of 550 concentrators. At the centre of each concen-
trator a pair of detection electrodes is placed with length L
equal to 6 pm, width WE equal to 2 pm and distance between
the electrodes d; of 2 um. The containment ring with a
plurality of spacer elements (13, 13') is such as to impose a
distance between the substrates 11 and 12 of 50 um and the
concentrators (10, 10', 10")' allow the capture of all the
infected erythrocytes which are found in the volume defined
by substrate, support and containment ring. By measuring
the impedance at a frequency of the order of 1-20 MHz it is
possible to obtain the electrical resistance R of the material
between the electrodes, given mainly by the solution and by
the possible presence of infected erythrocytes i-RBC cap-
tured by the magnetic concentrators.

FIG. 6 shows the percentage resistance variation AR/R,,
as a function of the infected erythrocytes i-RBC captured on
the surface of the detection electrodes, obtained by means of
finite element simulation (FEM) (full squares) and by means
of the following formula (empty squares):

AR 3 v,
Ry 2 N-(wg+dg)-L-H

where Vp represents the total volume occupied by the
i-RBC captured on the surface of the electrodes, while N, H
are, respectively, the number of pairs of detection electrodes
which share a same output, and the height up to which a pair
of detection electrodes is sensitive to the presence of the
components of interest, equal to approximately 1-2 times the
distance between the electrodes d.. The volume V, is equal
to the volume of a single i-RBC multiplied by the number of
erythrocytes captured. The latter is equal to the concentra-
tion of infected erythrocytes multiplied by the volume of
capture of the concentrators, 1 cm2~dcapm,e:5 ul.

AR/R, is in fact proportional to the fraction of the effec-
tive volume, to which the impedentiometric measurement is
sensitive, occupied by the components of interest. It should
be noted in the case of parasitemia equal to 10 parasites/pL
(on average 5.5 parasites for each of the nine zones of our
geometry), the expected resistance variation, AR/R,, is
found to be equal to about 0.4%, corresponding to a reso-
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Iution required of the reading electronics, in the resistance
measurement, equal to approximately 1000 ppm).

Should the system for magnetic concentration (i.e. the
whole constituted by external magnets and concentrators) be
able to capture the infected erythrocytes at a distance ten
times greater, d.,,,,,=>00 um, and the distance between the
substrates 11 and 12 increase correspondingly by a factor 10,
it would be possible to arrive at a AR/R, ten times greater
with respect to the previous case, at the same concentration
of parasites and active area of the substrate but increasing by
a factor 10 the volume of the drop of blood. Or, again with
d.prre=>500 pm and height of the container ring with a
plurality of spacer elements of 500 pum, the volume of the
drop could be kept unchanged at 5 microlitres and a AR/R,
equal to that in FIG. 6 obtained, reducing the active area on
the chip.

The invention claimed is:

1. A device for the quantification of cell and non-cell
components in a solution containing a blood sample com-
prising:

at least one pair of detection electrodes, said at least one

pair of detection electrodes comprising at least one first
electrode connected with a first input apt to receive a
first signal in input (V+) and a second electrode;

at least one pair of reference electrodes, said at least one

pair of reference electrodes comprising a first electrode
connected with a second input configured to receive a
second signal in input (V+) of opposite polarity to the
first input signal (V+) and a second electrode connected
to the second electrode of said at least one pair of
detection electrodes, in a common point wherefrom an
output signal (Out) is picked up;

said device comprising:

at least one concentrator in ferromagnetic material and
cooperating with a magnetic field external to the
device to cause the concentration of said components
on said at least one pair of detection electrodes;

a substrate having a first side and a second side that is
opposite of the first side;

a support configured to receive a sample of blood or of

solution containing blood;

at least one spacer element connected to and extending

between said substrate and said support so that the
support is spaced apart from the substrate, said at least
one spacer element is configured to confine in the plane
of the substrate the blood sample and to distance said
substrate from said support;

wherein said at least one pair of detection electrodes are

attached to the first side of the substrate;

wherein said at least one pair of reference electrodes are

attached to the second side of the substrate;

wherein said at least one concentrator is carried by said

substrate; and

wherein said at least one spacer element confines the

blood sample in the plane of the substrate so that the
blood sample does not contact said substrate, said at
least one pair of detection electrodes, and said at least
one pair of reference electrodes.

2. The device according to the claim 1, wherein:

the first electrode of each pair of detection electrodes is

connected to the first input by means of a first connec-
tion path;

the first electrode of each pair of reference electrodes is

connected to the second input by means of a second
connection path;
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the second electrode of each pair of detection electrodes
is connected to the node wherefrom the output signal
(Out) is emitted by means of a third connection path;
and
the second electrode of each pair of reference electrodes
is connected to the node wherefrom said output signal
(Out) is emitted by means of a fourth connection path;

above each of said connection paths an insulating layer
being placed with such dielectric constant and thick-
ness as to make an impedance between said connection
paths negligible.

3. The device according to claim 1, wherein said at least
one concentrator is cylindrical in shape, the diameter of the
base surface of said concentrators being comprised between
10 and 30 pum, the height of said concentrators being
comprised between 10 and 30 um and the distance between
said concentrators being comprised between 50 and 150 um.

4. The device according to claim 1, wherein the first
electrode of said at least one pair of detection electrodes and
the second electrode of said at least one pair of detection
electrodes are with rectangular section, with base comprised
between 10 and 300 nm and height comprised between 1 and
3 pm.

5. The device according to claim 4, wherein the distance
between the first electrode of said at least one pair of
detection electrodes and the second electrode of said at least
one pair of detection electrodes is comprised between 1 and
5 pm.
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