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Description
CROSS REFERENCES TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part appli-
cation of commonly owned PCT Patent Application No.
PCT/IL2018/050132, filed on February 6, 2018, entitled:
Portable Digital Diagnostic Device, which is related to
and claims priority from commonly owned US Provisional
Patent Application Serial No. 62/454,933, entitled: Port-
able Digital Diagnostic Device, filed on February 6, 2017,
the disclosure of each of the aforementioned patent ap-
plications is incorporated by reference in its entirety here-
in.

TECHNICAL FIELD

[0002] The presentinvention is directed to portable ap-
paratus for onsite disease diagnosis.

BACKGROUND

[0003] Numerous clinical tests require a blood sample
to be taken in order to provide a diagnosis. Presently,
the patient must give a blood sample, either on or off site,
and then wait for test results, as the blood sample must
be taken to a laboratory for analysis, typically by micro-
scopy, performed by trained personnel. Even getting the
blood sample must be done by trained personnel, using
syringes, butterfly needles, blood tubes and other blood
collection devices. The blood collection devices must be
stored properly and maintained in a sanitary manner, so
as not to become contaminated and thus, cannot be
used. Also, once the blood sample reaches the micro-
scopist, it must be properly "smeared", in order to be
usable for microscopy or other analysis.

[0004] Microscopy is the "gold standard" for laboratory
analysis. In more than 50% of the world, clinics with mi-
croscopic equipment are rare, as well as trained micro-
scopists to prepare operate the microscopy equipment
and provide a diagnosis of the blood or tissue sample.
Moreover, obtaining a test result from microscopy takes
time, and is certainly not instantaneous, even if the mi-
croscopy lag and microscopist are on site, at a medical
clinic, hospital, or the like. Also, in many parts of the world,
trained microscopists and laboratories with suitable mi-
croscopic equipmentfor the microscopist are limited, and
may be far away from various populations, such as rural
populations, adding additional difficulty to getting a blood
test with a result determined by microscopy.

[0005] There are also problems associated with trans-
porting a blood sample to a microscopy laboratory, due
to possible improper handling of the sample, as well as
possible spoliation of the sample, due to weather and
time in transit, from the patient to the laboratory. Such
blood tests are also expensive to many people in the
world, eliminating many people from getting such tests.
Moreover, as the result is not instant, and typically off
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site, patients may not be able to be charted for statistical
studies, and infected patients who require immediate
treatment may not be able to be located quickly.

[0006] Rapid Diagnostic Tests (RDTs) provide instant
results. However, there are not RDTs for many diseases
and the detection of disease is without significant sensi-
tivity which is needed for early detection and typically has
poor specificity. These RDT devices must be properly
stored and handles, so as to maintain accuracy and re-
liability. Also, there are many manufactures of RDTs and
quality of the RDTs varies greatly between manufactur-
ers.

[0007] As diseases spread rapidly, it is important to
diagnose them quickly and in the early stages. This en-
sures that patients can be treated quickly, so as to main-
tain their health, as well as prevent the disease from
spreading. In many locations all over the world, this is
simply not possible, due to the lack of laboratory facilities,
coupled with the lack of trained experts who can properly
identify diseases.

[0008] Also, for some diseases, such as malaria, ad-
ditional tests are needed, such as a Glucose-6-phos-
phate Dehydrogenase (G6PD) deficiency test - in order
to decide on the safest and proper treatment (based on
WHO guidelines for malaria elimination and eradication).
This test, in addition to the malaria diagnostics, is typically
notavailable and notaccessible in many rural and remote
locations areas of the world.

SUMMARY

[0009] The present invention provides computerized
devices which bring microscopy and electrochemistry
tests to the field, for on-site testing with instant results,
for example, in real time. The devices are operable by
minimally trained operators, who may be community
health workers, nurses, technicians, and not only physi-
cians.

[0010] The computerized devices are single hand held
devices which can be brought to remote areas, giving
millions of people access to healthcare that they did not
have previously. Since instant results are obtained, the
unnecessary use (unnecessary administration) of drugs,
such as unnecessary antibiotic and/or antimalarial
agents is eliminated, as diseases and conditions are pro-
vided with certainty, on the spot. Additionally, since dis-
eases and conditions are detected instantly, treatment
protocols can begin immediately, eliminating the spread
of infectious and deadly diseases and conditions.
[0011] The computerized device is a dual channel de-
vice, one channel for imaging or microscopy (optical),
and one channel for electrochemistry (signals). Based
on results from these two channels, a diagnosis can be
made thatis more accurate and effective thanis presently
possible in the field. This allows for rapid and safe treat-
ment and follow-up of disease, inhibiting its spreading,
as well as allowing for real-time mapping patients, in or-
der to track movement of diseases in real-time and obtain
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other data for immediate and effective intervention of
health authorities, studies, and the like. The devices are,
forexample, alab-on-hand computerized platform, which
is programmable for various medical diagnostic applica-
tions based on the same RevDx hardware platform.
[0012] The disclosed devices allow for receiving a
blood sample, that can be taken by the user or medical
personnel with little or any training, with a finger prick,
and does not need trained medical personnel. The dis-
closed devices are is designed to be coupled to a mobile
device or mobile computer, such as a smart phone, with
the devices designed for analyzing the blood sample,
and providing an instant diagnosis on site and in real
time. Each of the devices performs its analysis by tech-
niques such as machine learning and other network con-
nectivity, such as telemedicine, where the image of the
blood sample, is transmitted over a network, such as the
internet, to trained medical personnel, in remote loca-
tions.

[0013] By obtaining this sensitive and accurate diag-
nosis instantly, the patient can be treated much sooner
that would be done conventionally. This preserves the
health of the patient, and where the disease is conta-
gious, prevents that disease from spreading.

[0014] The presentinvention uses disposable sample
preparation kit based on microfluidic technologies and or
biosensor/ electrochemistry strips, with corresponding
reading and analysis systems to diagnose different or
dual aspects of diseases, typically on site. For example,
with Malaria, the microfluidic chips, accompanied by their
reading and analysis, are able to detect the malaria par-
asite type with a high sensitivity and specificity, allowing
for detection of malaria in early stages, where parasite
density is low (when compared to advanced stages of
Malaria). The biosensor strip and reader channel is used
to detect G6PD deficiency. This is essential to ensure
that treatment with the drug primaquine used for the ma-
laria parasite Plasmodium vivax is administered safely.
In addition, primaquine is used to prevent transmission
of other malaria parasites types. The biosensor reader
channel will also be used for glucose level monitoring.
As malaria can cause hypoglycemia (dangerously low
level of glucose), this will aid in deciding which patients
need admission to a hospital.

[0015] Moreover, as the microfluidic chip and biosen-
sor strip are both disposable and receive a blood sample
at the time of testing, the process is sanitary, as disease
does not pass between patients being tested, accurate,
as there is no chance of blood spoliation, and many pa-
tients can be tested in a small amount of time by minimally
trained or untrained medical personnel. Additionally, the
micro fluidic chips and biosensor strips require small
amounts of blood, usable as blood smears. The blood is
obtained, for example, by a finger prick, which can be
performed by the user or someone without medical train-
ing or with minimal medical training.

[0016] Also, the process is inexpensive, as the micro-
fluidic chips and biosensor strips are inexpensive, with
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the device used being a one-time purchase, capable of
multiple uses.

[0017] Embodiments of the present invention are di-
rected to a device for analyzing disease conditions. The
device comprises: animaging channel configured for pro-
viding a viewable sample; and, a signal channelincluding
a signal analyzer for analyzing received signals based
on electrochemical responses emitted from an electrode
having reacted to a sample, to determine the existence
of the disease condition.

[0018] Optionally, the device additionally comprises:
an analytics module configured for scanning an image
of the viewable sample, and determining the existence
of the disease condition from the scanned image.
[0019] Optionally, the analytics module is configured
for determining, from the scanned image, the existence
of a disease condition selected from the group consisting
of: G6PD deficiency output, blood glucose levels, malaria
parasites including, P. falciparum, P. vivax , P. malaria.
P. ovale, P. knowlesi and the disease stage, complete
blood cell counts, multi-parasites including relapsing fe-
ver and Filarias, Tuberculosis, Pap smear analysis, urine
tests and/or analysis and veterinary diseases.

[0020] Optionally, the device additionally comprises:
an optomechanical system for magnifying and scanning
the sample, the optomechanical system in communica-
tion with the analytics module.

[0021] Optionally, the device additionally comprises: a
processor programmed to determine a treatment for the
disease condition, the processor in communication with
the analytics module.

[0022] Optionally, the device additionally comprises: a
processor programmed to determine a treatment for the
disease condition, the processor in communication with
the analytics module and the signal analyzer.

[0023] Optionally, the imaging channel and the signal
channel are configured to output the determination of the
existence of the disease condition in real time.

[0024] Optionally, the deviceincludes adisplay in com-
munication with the imaging channel and the signal chan-
nel.

[0025] Optionally, the display includes one or more of:
1) a screen display, and, 2) a display output configured
for communicating with an image sensor of an external
computer device for displaying graphics on the display
screen of the external computer device.

[0026] Optionally, the imaging channel includes a first
end for receiving the sample, and an oppositely disposed
second end associated with the display.

[0027] Optionally, the device additionally comprises:
an analog to digital signal converter (ADC) in communi-
cation with the signal analyzer; and, a signal reader for
reading the electrochemical signals (e.g., analog signals)
emitted from the electrode having reacted to the sample,
the signal reader in communication with the ADC.
[0028] Optionally, the signal analyzer is configured for
analyzing signals determine disease conditions selected
from the group consisting of: G6PD output, blood glucose
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levels, malaria parasites including: P. falciparum, P.
vivax , P. malaria. P. ovale, and the disease stage, com-
plete blood cell counts, multi-parasites including: relaps-
ing fever and Filarias, Tuberculosis, Pap smear analysis,
and veterinary diseases.

[0029] Optionally, the device additionally comprises: a
processor programmed to transmit data to the display
which causes presentation of a User Interface (Ul) graph-
ic display of the presence the disease condition.

[0030] Optionally, the device additionally comprises: a
location module in communication with at least one of
the imaging channel or the signal channel, the location
module configured for displaying real-time location indi-
cations based on Global Positioning System (GPS) map-
ping of the detection of the disease condition.

[0031] Optionally, the device additionally comprises: a
first port for receiving a microfluidic chip holding the sam-
ple for being rendered viewable in the imaging channel;
and, a second port for receiving an electrode holding the
sample in the signal channel.

[0032] Optionally, the device additionally comprises: a
microfluidic chip for sample preparation for receipt in the
first port.

[0033] Optionally, the device additionally comprises: a
biosensor strip including an electrode for producing an
electrochemical response when contacted by a sample,
for receipt in the second port.

[0034] Optionally, the sample includes portions of the
same sample and the sample includes at least one of
blood, urine, and tissue.

[0035] Optionally, the microfluidic chip is configured for
mixing the sample, with one or more of staining agents,
imaging enhancers, and dilatants.

[0036] Embodiments of the invention are directed to a
method for analyzing, for example, automatically analyz-
ing, disease conditions. The method comprises: provid-
ing a sample to an imaging channel of a device including
adisplay for viewing on the display; and, providing a sam-
ple to a signal channel of the device, the device including
a signal analyzer, and the signal analyzer analyzing re-
ceived signals based on electrochemical responses
emitted from an electrode having reacted to the sample,
to determine the existence of the disease condition.
[0037] Optionally, the method is such that information
as to the disease condition detected by signal analyzer
is displayable on the display.

[0038] Optionally, the method is such that the sample
provided to the imaging channel and the sample provided
to the signal channelinclude portions of the same sample
and the sample includes at least one of blood, urine, and
tissue.

[0039] Embodiments of the invention are directed to a
microfluidic apparatus, also known as a microfluidic chip
or chip. The microfluidic apparatus comprises: a sub-
strate including oppositely disposed first and second
sides; a chamber extending into the substrate from the
first side toward the second side to a base, the chamber
including protruding elements forming a wall of the cham-
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ber; and, a main channel extending along at least a por-
tion of the wall of the chamber along the base of the
chamber.

[0040] Optionally, the microfluidic apparatus is such
that it additionally comprises: at least one channel ex-
tending from the main channel, the at least one channel
configured to align with optics of a device in which the
substrate is being viewed.

[0041] Optionally, the microfluidic apparatus is such
that the chamber is conical in shape, with the chamber
tapering inward from the first side to the second side.
[0042] Optionally, the microfluidic apparatus is such
that the protruding elements include a plurality of over-
lapping plates to form the wall of the chamber.

[0043] Optionally, the microfluidic apparatus is such
that the plates are of a flexible and resilient material.
[0044] Optionally, the microfluidic apparatus is such
that the main channel is intermediate (elevationally) the
plates forming the wall and the base.

[0045] Optionally, the microfluidic apparatus is such
that the main channel is C-shaped and conforms to the
shape of the periphery of the wall of the chamber.
[0046] Optionally, the microfluidic apparatus is such
thatthe main channel comprises oppositely disposed up-
per and lower walls with an outer wall intermediate to the
upper and lower walls.

[0047] Optionally, the microfluidic apparatus is such
that the main channel is such that the outer wall is sub-
stantially perpendicular to the oppositely disposed upper
and lower walls.

[0048] Optionally, the microfluidic apparatus is such
thatthe main channelis dimensioned to facilitate capillary
action for liquid movement through the main channel.
[0049] Optionally, the microfluidic apparatus is such
that the first side includes a surface and the chamber
extends into the substrate from the surface.

[0050] Optionally, the microfluidic apparatus is such
that the at least one channel extending from the main
channel is communicates with the ambient environment
via an openable aperture, so thatthe communication with
the ambient environment causes the atleastone channel
extending from the main channel to fill with liquid (fluid)
from the main channel.

[0051] Throughout this document, references are
made to directions such as upper, lower, top, bottom,
inner, outer, and derivatives thereof. These directional
references are exemplary only, and are used to explain
the disclosed subject matter in example orientations,
which are illustrative only, and not limiting in any way.
[0052] Unless otherwise defined, all technical and/or
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which the invention pertains. Although methods and
materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of
the invention, exemplary methods and/or materials are
described below. In case of conflict, the patent specifi-
cation, including definitions, will control. In addition, the
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materials, methods, and examples are illustrative only
and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings, where like reference numerals
or characters represent corresponding or like elements.
With specific reference now to the drawings in detail, it
is stressed that the particulars shown are by way of ex-
ample and for purposes of illustrative discussion of em-
bodiments of the invention. In this regard, the description
taken with the drawings makes apparent to those skilled
in the art how embodiments of the invention may be prac-
ticed.

[0054] Attention is now directed to the drawing figures
where like reference numerals or characters refer to cor-
responding or like components. The drawing figures are
as follows.

FIG. 1 is a diagram showing an exemplary environ-
mentin which embodiments of the invention are per-
formed;

FIG. 2 is a block diagram of the base and computer
device as used in combination, also showing how
these devices are linked to networks;

FIG. 3 is a schematic diagram of the base and com-
puter device as used in combination;

FIG. 4A is a flow diagram for an exemplary process
of the microscopy aspect of the present invention;

FIG. 4B is a flow diagram for an exemplary process
of the electrochemistry aspect of the present inven-
tion;

FIG. 5Ais a block diagram of a standalone computer
device in accordance with embodiments of the in-
vention;

FIG. 5B is a block diagram of another standalone
computer device in accordance with embodiments
of the invention;

FIG.5Cis aperspective view of the device of FIG. 5B;

FIGs. 6A-6D are illustrations of microfluidic appara-
tus for the disclosed devices;

FIGs. 6E-1A and 6E-1B are top perspective views
of a microfluidic apparatus for the disclosed devices;

FIG. 6E-2is a bottom view of a microfluidic apparatus
for the disclosed devices;
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FIG. 6E-3 is a cross-sectional view taken along line
6aa-6aa of the microfluidic apparatus of FIG. 6E-1B;

FIGs. 6E-4 is a cross-sectional view taken along line
6xx-6xx of the microfluidic apparatus of FIG. 6E-1B,
accompanied by detailed sections;

FIGs. 6E-5 is a cross-sectional view taken along line
6yy-6yy of the microfluidic apparatus of FIG. 6E-1B,

accompanied by detailed sections;

FIG. 6E-6 is a photograph of the microfluidic appa-
ratus of FIG. 6E-1A taken of the bottom or second
side;

FIG. 6F is a top view of a microfluidic apparatus for
the disclosed devices;

FIG. 6G is a top view of a round microfluidic appa-
ratus for the disclosed devices;

FIG. 7 is a flow diagram of a process performed by
the disclosed devices for determining malaria and if,
detected, issuing a treatment protocol; and,

FIGs. 8A-8D are screen diagrams of the device of
FIGs. 5B and 5C while the device is in operation.

DETAILED DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 shows an example embodiment of the
invention, where an electronic device 100, in the form of
a base (the electronic device 100 also known as a base,
with these terms being used interchangeably herein), re-
ceives a mobile computing device, for example, a smart
phone 102, including a display screen 103, in a mechan-
ical engagement, so as to be directly linked to the optics
and in electronic and/or data communication to each oth-
er. Thebase 100 and smart phone 102 may also be linked
to each other through communications networks, such
as a wide area or public network such as the Internet.
There may also be linking via near field communications
and other electronic communication formats and direct
links through an Input/Output (I/O) port of a communica-
tions module 254 (FIG. 2).

[0056] The base 100 includes one port 110 for receiv-
ing a disposable sample preparation chip/cassette based
on microfluidic technologies 112, on which is, for exam-
ple, a blood sample, for analysis, and another port 114
forreceiving a biosensor strip 116, which receives a blood
sample, at an operative end 116a, for example, on an
electrode 116b. The ports 110, 114 are associated with
channels. Port 110 serves as the inlet for a microscopy
or imaging or microscopic channel (the terms "imaging
channel”, "microscopic channel" and "optic/optical chan-
nel" used interchangeably herein), for example, with ma-
laria, identifying the specific parasite (type of malaria)
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and the stage of malaria and also for Complete Blood
Count (CBC) applications. The other port 114 serves as
a signal channel or electrochemical channel ("signal
channel" and "electrochemical channel" used inter-
changeably herein), for analyzing electrochemical sig-
nals from the blood sample on the electrode 116b of the
biosensor strip 116, and for example, for malaria infected
patients, determining whether there is a Glucose-6-
Phosphate Dehydrogenase (G6PD) deficiency to decide
on the appropriate and precise medication.

[0057] FIG. 2 shows a block diagram of the base 100
and the smart phone 102. The base 100 and smartphone
102 are shown directly connected to each other, and are
linked to one or more networks 200, such as local area
networks (LANs), and wide area networks (WANSs), in-
cluding public networks, such as the Internet, cellular net-
works and other communications networks.

[0058] Both channels, the imaging channel, from port
110, and the signal channel, from port 114, use a com-
mon central processing unit (CPU) 202, with linked stor-
age/memory 204, a power source 206 for the base and
a communications module 208, from which a male type
USB (universal serial bus) connector 209 or other similar
connector, extends.

[0059] The central processing unit (CPU) 202, is
formed of one or more processors, in electronic and data
communication with storage/memory 204, which stores
machine executable instructions for execution by the
CPU 202, to perform the processes of the dual channels.
The power source 206 is a battery or plug-in power
source. The communications module 208 provides net-
work (e.g., Internet) connectivity and communication to
and from the base 100, in addition to providing the direct
connection, for electronic and data communication be-
tween the base 100 and the smart phone 102.

[0060] The imaging channel includes the port 110,
which receives a microfluidic chip 112 (FIG. 1), also
known as a microfluidic apparatus. The microfluidic chip
110 is made viewable by optics 308 (FIG. 3), including
an optomechanical system 212, and an optical relay sys-
tem 214, and ends in an optical module lens 216, through
which an image is transmitted. The optics 308, for exam-
ple, the optomechanical system 212, magnifies the sam-
ple and enhances the visual presentation, including im-
ages, to being able to achieve high-resolution of microns,
thereof.

[0061] The microfluidic chip 112 operates based on
capillary action, to transport the received blood, and stain
it, in order to be properly viewed. An optomechanical sys-
tem 212 (with a controller 212a) provides for scanning
the microfluidic chip 112 (the scanning provided by move-
ment of a stand/drawer 302 on a scanning mechanism
304 (FIG. 3) by the controller 212a) for microscopic view-
ing, by an optical relay system 214, which terminates in
an optical module lens 216. There is also a light (LT) 217
as part of the optomechanical system 212, which may
be controlled manually (via a switch, button or the like
(not shown)) or the controller 212a. The optomechanical
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system 212 and optical relay system 214 are in electronic
and/or data communication either directly or indirectly
with the CPU 202, storage/memory 204, power source
206, and the communications module 208.

[0062] FIGs. 6A-6G show various microfluidic chips
(microfluidic apparatus) 112a-112g, which are embodi-
ments of the microfluidic chip 112. These microfluidic
chips 112a-112g, are received in the port 110 of the dis-
closed apparatus (devices) 100, 500, 500’. The microflu-
idic chips 112a-112g, shown in FIGs. 6A-6G includes
substrates 601, 664, for example, of glass or polymer or
both, or other material with/without hydrophilic coating,
suitable for supporting blood and/or other fluids (liquids),
such as urine, and which may also include other compo-
nents, e.g., stain, for microscopy, and other substances
(solid, liquid or gas), for example, as powders from break-
able capsules. The aforementioned fluids (liquids) and/or
fluids (liquids) mixed with other components are analyzed
and/or displayed by the disclosed apparatus (devices)
100, 500, 500'.

[0063] The microfluidic chip 112a shown in FIG. 6A
includes a substrate 601, of glass or polymer or both or
other material with/without hydrophilic coating, suitable
for supporting blood and/or other fluids (liquids), such as
urine, and which may also include other components,
e.g., stain, for microscopy, and other substances (solid,
liquid or gas), for example, as powders from breakable
capsules. On the substrate 601 is a blood inlet 602, and
a stain, encased in a blister (packet) 604, at one end
601a of the substrate 601. When use is desired, pressure
on the blister 604 ruptures the blister 604 from the tunnel
side and press the stain through the microfluidic tunnel
606. The blood and/or a diluted blood and stain travel via
a microfluidic channel 606 to a serpentine shaped micro-
fluidic channel 608 which serves as a mixing region 610
for the blood and stain. The combines blood and stain,
both still moving, travel through another microfluidic
channel 612 to a viewing chamber 614, at an opposite
end 601b of the substrate. The viewing region 614 is
configured on the substrate 601 to align with the optics
308 of the optomechanical system 212 of the apparatus
100, 500.

[0064] The microfluidic chip 112b shown in FIG. 6B
includes a substrate 601, for supporting blood and other
components, e.g., stain, washing solution, for microsco-
py. On the substrate 601 is a blood inlet 622, a stain,
encased in a blister (packet) 624, and a washing solution,
encased in a blister (packet) 626, at one end of the sub-
strate 601a. When use is desired, blood from the blood
inlet 622 flows through the microfluidic channel 628, leav-
ing blood cells adhered to the walls of the microfluidic
channel 628. Pressure on the blister 624 ruptures the
blister 624, causing the stain to flow through the micro-
fluidic channel 628 over the adhered blood cells, such
that stain and cells reach the staining and viewing region
630 0onthe substrate 601. The staining and viewing region
630 is configured on the substrate 601 to align with the
optics 308 of the optomechanical system 212 of the ap-



1 EP 3772371 A1 12

paratus 100, 500. Next, pressure on the blister 626 rup-
tures the blister 626, causing the washing solution to flow
through the microfluidic channel 628 removing any re-
sidual stain and dilute the blood-stain mixture.

[0065] The microfluidic chip 112¢ shown in FIG. 6C
includes a substrate 601 for supporting blood and other
components, e.g., stain, for microscopy. On the substrate
601 is a blood inlet 642 (at one end 601a of the substrate
601), which is at the end of a microfluidic channel 644,
which ends in a staining and viewing chamber 646 (at
the other end 601b of the substrate 601). The staining
and viewing chamber 646 is configured on the substrate
601 to align with the optics 308 of the optomechanical
system 212 of the apparatus 100, 500, 500’. Stain, in a
dry state, is contained in the walls of the microfluidic chan-
nel 644, such that as blood or a diluted blood 647 flows
through the microfluidic channel 644 to the staining and
viewing region, the blood 647 picks up stain. This micro-
fluidic chip 112 is typically used for viewing single red
blood cells. Here, the microfluidic channel is shallow, ap-
proximately 10 micrometers in diameter, since the blood
is not being diluted.

[0066] The microfluidic chip 112d shown in FIG. 6D
includes a substrate 601, for supporting blood and other
components. The substrate 601, at one end 601a sup-
ports a sample inlet 652, which joins a microfluidic chan-
nel 654, which, in turn, joins and terminates at a viewing
chamber 656, at the other end 601b of the substrate 601.
A blood sample, diluted or non-diluted mixed with a stain
657 is placed into the sample inlet 652, where the stained
sample flows to the viewing region 656. The viewing
chamber 656 is configured on the substrate 601 to align
with the optics 308 of the optomechanical system 212 of
the apparatus (devices) 100, 500, 500'.

[0067] Attention is now directed to FIGs. 6E-1A, 6E-
1B, 6E-2, 6E-3, 6E-4, 6E-5 and 6E-6 (6E-1A to 6E-6),
which show another microfluidic chip 112e forthe devices
100, 500, 500°. A mixing chamber 662 extends into a
substrate (body) 664, from a first side 666a, for example,
an upper (top) side at the upper surface 666ax, to a base
668. The base 668 is surrounded partially by a main chan-
nel 670 at a second side 666b, for example, a lower (bot-
tom) side. The base 668 is an extension of the mixing
chamber 662, and serves as a pressure balancing res-
ervoir, for example, for the collection of excess blood-
stain mixture. The base portion 668x is surrounded by
the main channel 670, and together function as commu-
nicating vessels during blood-stain mixing. The main
channel 670 is substantially U-shaped, with a main C-
shaped portion 670a outwardly extending portions 670b,
which form the beginning of the channel 670, and, for
example, serve as a receiving area for blood and other
fluids. The first side 666a and second side 666b are, for
example, oppositely disposed from each other.

[0068] Inlet/outlet channels 672, terminating in aper-
tures 673, each extend from the respective extending
portion 670b of the main channel 670. When in operation,
blood/fluid is inserted from the aperture 673 through the
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channel 672, where the blood/fluid fills the main channel
670 driven by capillary forces.

[0069] A scanning channel 674, which is configured to
be aligned with the optics 308 of the optomechanical sys-
tems of the respective apparatus 100, 500, 500’, extends
from the main channel 670, through the substrate 664,
to a pressure outlet channel 676. The scanning channel
674 is oriented, for example, substantially perpendicular
or perpendicular to the pressure outlet channel 676. The
pressure outlet channel 676 terminates in an aperture
678, which is initially sealed (closed). When in operation,
when the aperture 678 is punctured, so as to be opened
to the ambient environment at, for example, ambient
pressure, an air inlet/outlet is created, such that blood
(or fluid) and/or blood (or fluid)/stain mixture (which may
also include other substances, such as those from a
breakable capsule, as detailed below) fills the scanning
channel 674.

[0070] The mixing chamber 662 extends into the sub-
strate 664 in the form of an inward tapered (from the first
side 666a to the second side 666b) truncated cone, which
is, for example, rounded, substantially circular, or circu-
lar, although other shapes, including inwardly tapered
shapes are also permissible. The wall 680 of the mixing
chamber 662 is formed of overlapping (interleaved)
plates 682, or protruding elements. The plates 682 pro-
vide traction for mixing, when an element, such as a
breakable or crushable capsule, is placed into the mixing
chamber 662.

[0071] The wall 680 extends inward into the substrate
664, such that the plates 682 terminate at the main chan-
nel 670, at a first or upper wall 684 of the main channel
670. The main channel 670 also includes an outer wall
685, which joins to the base 668 (the base 668 forms a
third or lower wall of the channel 670, this third wall 668
oppositely disposed from the first wall 684). The outer
wall 685 is substantially perpendicular or perpendicular
to the first wall 684 and the base 668, such that the main
channel 670 is open along one side, as shown in FIGs
6E-4 and 6E-5. This three wall 684 (first or upper wall),
685 (second or outer wall), 668 (third or lower wall) con-
figuration allows the main channel 670 to hold blood and
or other liquids by capillary action and/or surface tension.
Similarly, the scanning channel 674 also operates to fa-
cilitate blood/liquid travel thereover by capillary action.
[0072] The substrate 664 is made of plastic material,
allowing it to be optically translucent, and for example,
transparent. The plates 682 (forming the chamber wall
680) are made of an elastomeric material, which for ex-
ample is flexible and resilient. All of the aforementioned
materials can sterilized by heat and the like.

[0073] FIG. 6E-6 is a photograph of the second side
666b of the microfluidic chip 112e showing the main
channel 670 having been filled with blood and/or fluid
(which may also include stain and/or other substances)
by capillary action.

[0074] FIG. 6F shows another embodiment of a micro-
fluidic chip 112f, including a substrate 664. This micro-
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fluidic chip 112f is similar in construction to the chip 112e
of FIGs. 6E-1A to 6E-6, with corresponding structures
being having the same element numbers and description
as detailed for the microfluidic chip 112e above, except
where specifically indicated. This microfluidic chip 112f
includes two mixing chambers 662 and channel struc-
tures as described for the microfluidic chip 112e detailed
above, but adds a fluid inlet 686. The fluid (liquid) inlet
686 is in fluid communication with reference channels
688 and 688a, which lead to the main channels 670 of
the respective mixing chambers 662. The scanning chan-
nels 674 are configured to be aligned with the optics 308
of the optomechanical systems of the respective appa-
ratus 100, 500, 500'. The scanning channels 674 termi-
nate in pressure channels (not shown), which terminate
in apertures 678, in accordance with that detailed for the
microfluidic chip 112e.

[0075] FIG. 6G shows another embodiment of a micro-
fluidic chip 112g which is rounded. Elements similar to
those of microfluidic chips 112e, 112f are provided with
the same element numbers and are in accordance with
the descriptions provided above, for the respective mi-
crofluidic chip 112e, 112f, except where specifically in-
dicated. The microfluidic chip 112g is formed of a sub-
strate 664, and has two mixing chambers 662, which
overlie main channels 690, which are similar to main
channels 670, as they are U-shaped with outward exten-
sions. Blood/fluid is received in a fluid inlet 692, which
are in fluid communication with reference channels 693,
which, in turn, are in fluid communication with the main
channels 690 of the respective mixing chambers 662.
Test channels 694, which are also reference channels,
are incommunication with the respective reference chan-
nels 693.

[0076] The main channels 690 are in fluid communi-
cation with scanning channels 696, and extend from the
mixing chambers 662. The scanning channels 696 are
then rounded, with rounded portions 696a in accordance
with the rounded shape of the microfluidic chip 112g and
the substrate 664. The scanning channels 696 (including
portions 696a) are configured to be aligned with the optics
of the optomechanical systems of the respective appa-
ratus. Pressure outlet channels 698 extend from the
scanning channel 696 at the rounded portions 696a. The
pressure outlet channels 698 are oriented, for example,
substantially perpendicular or perpendicular to scanning
channels 696. The pressure outlet channels 698 each
terminate in an aperture 699, which is sealed, until
opened, as detailed for the aperture 678, above.

[0077] Turning back to FIGs. 6E-1A to 6E-6 and the
microfluidic chip 112e, an example operation is now de-
scribed. The microfluidic chips 112f, 112g operate simi-
larly, and the description of operation for the microfluidic
chip 112e is applicable for these microfluidic chips 112f,
112g. Initially, blood or other fluid (hereinafter blood to
describe the example operation) is obtained and placed
into the main channel 670 (the fluid inlet 686 of the mi-
crofluidic chip 112f and the fluid inlet of 692 of the micro-
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fluidic chip 112g). Once in the main channel 670, the
blood fills the main channel 670, moving therethrough by
capillary action.

[0078] A breakable capsule or other substance is
placed into the mixing chamber 662, and is crushed, for
example, by applying pressure on the mixing chamber
662. The encapsulated reagent mixes with the blood in
the main channel 670. The aperture 678 of the respective
pressure outlet channel 676 is opened, so as to be at
ambient pressure, such that the mixed blood/substance
flows so as to fill the scanning channel 674, for viewing
analysis by the optics of the device (apparatus) 100, 500,
500'.

[0079] The signal channel originates at the port 114,
and includes a bio-sensor strip reader 222, which reads
the electrical response (generated electrical current from
the electrochemical reaction between the sample and
the electrode 116b, output from the electrode 116b/bio-
sensor strip 116 as an analog signal) from the disposable
biosensor electrode 116b (e.g., atthe operativeend 116a
of the biosensor strip 116), and amplifies the analog sig-
nal of the electrical response, the analog signal indicative
of the electrochemical reaction, for a disease, condition,
measurement, or the like. There is an analog to digital
converter (ADC) 224 which converts the analog signals
from the reader 222 to digital signals, a signal analysis
software module 226, which analyzes the digital signals
to decide whether or not there is a G6PD deficiency in
this sample, and which communicates with the commu-
nications module 208, to send the signals to the smart
phone 102, for additional analysis.

[0080] Alternately, the signal channel can be used for
blood glucose level detection. The biosensor strip reader
222 is additionally configured to amplify the analog sig-
nal(s), generated from the electrical response, from the
disposable biosensor electrode (e.g., biosensor strip
116). The analog signals correspond to blood glucose
levels. The analog to digital converter (ADC) 224 con-
verts the analog signals from the reader 222 to digital
signals, and a signal analysis module 226, analyzes the
digital signals received from the ADC 224, to determine
the blood glucose level in the blood sample. This blood
glucose level is output in accordance with standard
measurements for blood glucose, to the communications
module 208, to send the signals to the smart phone 102,
for additional analysis, and for presentation on the display
screen (of the smart phone 102 or stand-alone device
500, 500’ (FIGs. 5A and 5B)).

[0081] Alternately, biosensor strips 116 may include
multiple biosensor electrodes 116b, including electrodes
for producing electrical responses, convertible into sig-
nals readable for detecting G6PD deficiency and blood
glucose levels contemporaneously, and for example, si-
multaneously.

[0082] In other alternatives, the signal channel is usa-
ble for other conditions, such as other diseases, patho-
gens or biomarkers. The biosensor strip reader 222 is
additionally configured to amplify or otherwise modify the
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analog signals produces by the electrical response (elec-
trochemical response) from the electrode on the dispos-
able biosensor strip. The electrode on the biosensor strip
is configured to create an electrochemical reaction when
contacted by a sample with the condition, the electro-
chemical reaction creating a current and corresponding
analog signal for the condition (the biosensor strip reader
is configured to recognize the electrochemical signature
(or electrochemical response) of these conditions, and
amplify the resultant analog signal caused by the elec-
trochemical response). The analog to digital converter
(ADC) 224 converts the analog signals from the reader
222 to digital signals, and a signal analysis module 226
(programmed to determine the condition, e.g., presence
of absence thereof), analyzes the digital signals received
from the ADC 224, to determine the condition. This con-
dition determination is output, to the communications
module 208, to send the signals of this determination to
the smart phone 102, for presentation on the display
screen (of the smart phone 102 or stand-alone device
500, 500’ (FIGs. 5A and 5B)).

[0083] The device, for example, the smart phone 102
includes portions of both the microscopy channel and the
signal channel. The smart phone 102 includes a common
central processing unit (CPU) 242, with linked stor-
age/memory 244, a screen display module 246, which
includes logic for controlling the screen display 103 of
the smart phone 102, a Global Positioning System (GPS)
module 248, data storage 250, such as RAM (Random
Access Memory), sensor 252, such as gyrometer, tem-
perature, magnetometer and accelerometer, forming the
internal measurement unit (IMU), and a communications
module 254, including a female type USB (universal se-
rial bus) connector 255 or other similar connector, for
receiving the male connector 209 in electronic and/or da-
ta communication. The GPS or location module 248 func-
tions to provide the display of a real-time location indica-
tions, based on the incorporated GPS unit (of the smart
phone 102 or as part of the standalone device GPS or
location module 548) by mapping of the disease to be
used for real-time mapping and epidemiologic control
and learning of the diseases such as malaria.

[0084] There is also a camera/image sensor unit 260,
for converting the camera image to signals for display on
the screen display 103 (via the screen display module
246), an analytics module 264, for image analysis to de-
tect, for example, the type of malaria parasite (e.g. Plas-
modium. falciparum, P. vivax, P. malaria. P. ovale, P.
Knowlesi and the disease stage) and perform tagging of
the data associated with the particular blood sample. Al-
ternately, the analytics module 264 can be programmed
to analyze and detect other diseases and conditions in-
cluding, complete blood counts, multi-parasite (e.g. re-
lapsing fever, Filarias), Tuberculosis sputum microsco-
py, Urine analysis, Pap smear analysis, and the like, and
also veterinary diseases and conditions.

[0085] Both the base 100 and smart phone 102 link,
via the network(s) 200 to a cloud server 270, where each
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frame sample of malaria parasite, is transmitted to (either
directly or from the data storage 250), in order to update
the machine learning of the analytics module 264, cumu-
latively. With each new image frame sample, the cloud
server 270 sends the updated machine learning to the
analytics module 264, in order that it can better detect
the malaria parasites. This is done on-line or off-line
whenever a connection is available, automatically or by-
request. The cloud server 270 also, for example, stores
each testrecord taken, the time, location, diagnosis (both
of the parasite and G6PD) patient information and symp-
toms and more by both the machine 102 and optionally,
the diagnosis from a telemedicine provider 280, screen
display, and other information, and can map the malaria
cases in real-time. All data storage and data transmis-
sions over the networks(s) 200 between any of the base
100, smart phone 102, cloud server 270, telemedicine
provider computers 280a, 280b are in accordance with
HIPAA (Health Insurance Portability and Accountability
Act).

[0086] The base 100 and smart phone 102 also link,
via the network(s) 200 to a telemedicine provider 280,
via a computer 280a or a smart phone 280b (via a cellular
tower 282), for example. The telemedicine provider 280
can provide a diagnosis, that is sent either to the cloud
server 270 or back to the analytics module 246 of the
smart phone 102.

[0087] FIG. 3 shows schematics of the imaging chan-
nel and the signal channel. These channels are in por-
tions in both the base 100 and the smart phone 102.
[0088] The microscopy channel originates at the port
110, which receives the microfluidic chip 112. This chip
112 uses capillary action to distribute the blood sample
and properly stain it and separate the blood cells. The
optomechanical system 212 includes a stand or a drawer
302 which holds the microfluidic chip 112. The
stand/drawer 302 is on a scanning mechanism 304 con-
trolled by the controller 212a, which allows the chip 112
to be manipulated to various positions (represented by
the double headed oval arrow 306) as per for viewing by
the optics 308 of the optical relay system 214, which ter-
minates in a lens 216 or the like. The screening mecha-
nism (formed by the stand/drawer 302 and scanning
mechanism 304) is, for example, based on the drawer
302 movement or the optically screened, based on the
optical design, e.g., using mirror or prisms (which are
part of the optical relay system 214).

[0089] The image from the optics 308 (including a light
309 (similar to the light 217 detailed above)) of the optical
relay system 214 is transmitted to the lens 320 of the
camera 260 of the smart phone 102 or to the stand alone
image sensor in case of a stand-alone device. The image
from the camera 260 is converted to signals by the image
sensor unit 262, with the output signals being input into
the analytics module 264. The output signals also go from
the analytics module 264 to the screen display module
246, so that the blood sample is displayed on the display
screen 103.
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[0090] Theanalytics module 264, trained by processes
including image analysis, machine learning and artificial
intelligence (Al), to determine the disease or condition
and provide a diagnosis and/or treatment protocol for the
detected disease or condition. Also, the CPU 202 serves
to provide a diagnosis and/or treatment protocol for the
detected disease or condition. This detection and/or di-
agnosis of the disease and/or condition is, for example,
based on morphological "biomarker" analysis of the par-
asites in their different stages and type. The algorithm
(executed by the controller 212aincludes image process-
ing capabilities (in software and/or hardware), segmen-
tation capabilities (in software and/or hardware), filters
and specific morphological comparison to known and col-
lected data from the RevDx system The resultant diag-
nosis data is stored in the data storage 250 and/or in the
cloud server270. For example, itis also being transmitted
to the telemedicine provider 280 for confirmation.
[0091] The signal channel originates at the port 114.
A blood sample on a biosensor strip 116 is placed into
the port 114 and the electrical response (electrochemical
response), derived from the electrochemical reaction,
which produces correlated analog signals. The analog
signals are read by the biosensor reader 222, which am-
plifies the correlated analog signal. The biosensor reader
222 amplifies and, in some cases filters, the analog sig-
nal, which is converted to a digital signal by the analog
to digital converter (ADC) 224. The ADC 224 output of
the digital signal(s)is input into the signal analysis module
226, which analyzes the digital signal input, for G6PD
deficiency, for example. A data corresponding to the
presence of G6PD from the sample is sent by the signal
analysis module 226 to the communications module 208
and then to the communications module 254 of the smart
phone 112. Now in the smart phone 112, the data is sent
from the communications module 254 to the analytics
module 264, where itis analyzed forrecommended med-
icine based on known treatment procedures. The ana-
lytics module 264 signals the screen display module 246
to display on the display screen 103, a graphic listing
whether there is a G6PD deficiency and the type of ma-
laria parasite, what species, its density, stage and other
factors.

[0092] Alternately, should the signal channel be con-
structed to provide blood glucose readings, as detailed
above, such blood glucose readings may be obtained
with the G6PD output, or separately therefrom, depend-
ing on the electrode(s) 116b on the biosensor strip 116.
For example, the G6DP result, coupled with a glucose
level is analyzed by the CPU 202 to determine a treat-
ment protocol, forexample, as showninFIG. 7. The treat-
ment protocols, as well as the presence of a disease or
condition is displayed on display screens, smart phone
103, or stand-alone device 500, 500’ as a user interface
(Ul), as directed by the CPU 202 in the disclosed devices
100, 500, 500'.

[0093] The ultimate decision as to the malaria treat-
ment protocol, should malaria be detected, is based on
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an analysis from both the microscopy channel and the
signal channel. This analysis is performed, automatically
by the algorithm (run for example by the CPU 202) on-
site in few minutes or in case of uncertainty, the data can
be sent on the internet and analyzed, remotely by a tele-
medicine provider 280, via networks 200.

[0094] Similarly, should the signal channel be config-
ured to provide other readings of diseases and conditions
from the blood, including G6PD output, blood glucose,
or from urine tests. One of more of the aforementioned
are analyzed together, as programmed into the CPU 202,
to determine a treatment protocol.

[0095] Attention is now directed to FIGs. 4A and 4B,
which show flow diagrams detailing computer-imple-
mented processes in accordance with embodiments of
the disclosed subject matter. Reference is also made to
elements shown in FIGs. 1-3. The process and subproc-
esses of FIGs. 4A and 4B are computerized processes
performed by the system of the invention, and are for
example, performed manually, automatically, or a com-
bination thereof, and, for example, in real time.

[0096] FIG. 4Ais aflow diagram of an example, micro-
scopy process for the microscopy channel of the inven-
tion. Initially a blood sample is obtained and placed onto
amicrofluidic chip, such as microfluidic chip 112, detailed
above, and the blood is stained, with the microfluidic chip
112 placed into the base 100, via the port 110, at block
402. Via an optical relay system (optical relay) 214, at
block 404, the microscopic image of the blood sample,
as stained in the microfluidic chip, reaches the camera
260 of the smart phone or in a standalone device concept
102. The image in the camera/image sensor unit 260 is
converted to digital data, e.g., digital signals, at block
406. The digital data is analyzed, at block 408, by the
software analysis module 264, by using machine learning
and artificial intelligence (Al). The analysis module 264
reports a diagnosis, at block 420. Also, at block 420, the
image of the blood sample is displayed on the screen
display 103, via screen display module 246. From block
408, the process can move to block 470, where it ends.
[0097] Moving to block 430, from block 420, the data
for the blood sample, including the visual image can op-
tionally be tagged, by the analytics module 264.

[0098] From block 430, the process can move one or
more of three optional pathways, defined by block in se-
ries 440, series 450 and series 460.

[0099] Moving from block 430 to block 440, the tagged
sample data can be stored, for example, in the data stor-
age 250. The tagged data can then be sent from the
storage, to a cloud server, such as cloud server 270, at
block 442, or directly to the cloud server 270, from block
430 to block 442. At block 442, in the cloud server 470,
updates its machine learning, artificial intelligence (Al)
with the data and diagnosis for the image. The process
moves to block 444, where the analytics module 264 is
updated with this new data. The process then moves to
block 470, where it ends.

[0100] Moving from block 430 to block 450, the tagged
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sample data, or stored tagged sample data (from block
440), in an optional process, can be sent, e.g., transmit-
ted over the network(s) 200 to a telemedicine specialist
280, for example, to his computer 280a or smart phone,
tablet computer, laptop computer 280b, and the like. At
block 452, a diagnosis is received from the telemedicine
provider 280, for example, at the smart phone 102, from
where the process moves to block 470 where it ends, or
in the cloud server 270. Once in received in the cloud
server 270, the process then moves to block 444, where
the analytics module 264 is updated with this new data,
orto block 460, detailed below. From block 444, the proc-
ess moves to block 470, where it ends.

[0101] Atblock 460, reached either from block 430, or
block 452, the sample, based on a GPS tag and time
stamp, can be optionally mapped, for example, by the
cloud server 270. The process can move to the optional
process of block 462, where the cloud server 270 pro-
vides a map of all the test results. The process then
moves to block 470, where it ends. The process can also
move from block 460 to block 470, where it ends.
[0102] FIG. 4B is a flow diagram of an example signal
processing process for the signal channel of the inven-
tion. Initially, at block 412, a blood sample is obtained
and placed onto a biosensor strip, such as biosensor strip
116, detailed above. The biosensor strip 116 is placed
into the base 100, via the port 114, at block 402. The
blood sample causes an electrochemical reaction, which,
results in an electrical response being output, at block
414, as an analog signal(s), which is read by the biosen-
sor reader 222. This analog signal output, for example,
as amplified by the biosensor reader 222, is input into an
analog to digital converter (ADC) 224, at block 416, which
converts the analog signals to digital signals. The digital
signals are then input into a signal analysis module 226,
where the signals are analyzed, at block 418. The signals
then pass to the analysis module 264, which reports a
diagnosis, at block 420’. Also, at block 420’ a graphic and
absolute number indicating the state of the G6PD defi-
ciency is displayed on the screen display 103, via screen
display module 246. From block 418, the process can
move to block 470, where it ends.

[0103] From block 420’ the process can move to the
optional processes of block 430,440, 442,444,450, 452,
460, 462 and ultimately ending at block 470, as detailed
above.

[0104] FIG. 5A and 5B shows alternative mobile com-
puting devices 500, 500’ for performing the disclosed
processes via a microscopy channel and a signal chan-
nel. The devices 500, 500’ include components identical
or similar to those in device 100, and have the same
element numbers, and are in accordance with that de-
scribed above for the device 100 of FIG. 2. Components,
including the screen display module 546 (which controls
the screen display 503, e.g., a touch screen, of the device
500), location based GPS module 548, data storage 550,
sensors IMU 552, image sensor unit 562 and analytics
module 564, are identical or similar to the corresponding
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components on the smart phone 102 of FIG. 2, but have
element numbers in the 500’s (rather than the 200’s in
FIG. 2), and are in accordance with the correspondingly
numbered component in FIG. 2. The analytics module
564 analyzes the scanned sample, forexample, by image
identification, Artificial Intelligence and the like, to deter-
mine the existence or nonexistence of a disease and/or
condition (e.g., diagnosis of malaria parasites), or a
measurement (for example, blood glucose levels and
complete blood cell counts). The optical relay system 214
is optional, as the device 500 (FIG. 5A) can work as a
standalone device, where the lens 216 and the optical
relay system 214 are not needed, or with a smart phone
or other device, where the optical relay system 214 and
lens 216 may be needed. The device 500’ (FIG. 5B) lacks
the optical relay system 214 and the lens 216, and as
such, operates exclusively as a standalone device.
[0105] FIG.5C shows the device 500’ as a stand-alone
unit, including a screen display 503, which is presenting
a screen shot 580. This device 500’ is hand held and
therefore portable and battery operated as well as option
for recharging from external power supply and solar en-
ergy.

[0106] FIG. 7 shows a process as a decision diagram,
for example, programmed into (and performed by) the
CPU 202 of devices 100, 500, and 500’ for treatment
decision support (e.g., providing treatment recommen-
dations, treatment protocols and the like). The treatment
recommendations and protocols appear for example, as
user interfaces (Ul) on screen displays, such as those
on the screen display 503 of the stand-alone device 500,
shown as screen displays (screen shots) 580a-580d in
FIGs. 8A-8D, and detailed below.

[0107] In a first branch of the process, if Falciparum
malaria is detected, at block 702. A glucose check is per-
formed to see if the subject is hypoglycemic, at block
704.Ifyes, atreatment with artemisinin combination ther-
apy (ACT) is suggested, at block 706. At block 708, if
primaquine is used for prevention of a further transmis-
sion, G6PD deficiency testing, via devices 100, 500, 500’
disclosed herein, may be used before treatment.
[0108] In a second branch of the process, if Non-Fal-
ciparum malaria or mixed infection is detected, at block
712. Treatment is suggested with ACT or chloroquine as
well as G6PD testing via devices disclosed 100, 500,
500’ herein, at block 714. If G6PD is negative, treatment
with primaquine is suggested, at block 716.

[0109] In a third branch of the process, should there
be a negative test for Falciparum and Non-Falciparum
malaria, testing with the devices 100, 500, 500’ as dis-
closed above, is suggested to be performed if the patient
has high clinical suspicion, at block 722.

[0110] FIG. 8A shows the device 500’ with a screen
shot 580a showing the result of a malaria test, and sug-
gesting a treatment protocol. FIG. 8B shows the device
500’ with a screen shot 580b showing the result of a ma-
laria test, and providing information on medicines, which
could be from the CPU 202 or a cloud server 270. FIG.
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8C shows the device 500’ with a screen shot 580c de-
tailing a white blood cell count. FIG. 8D shows the device
500’ with a screen shot 580d detailing a red blood cell
count.

[0111] While the devices and methods disclosed
above relate to diseases, such as malaria, these devices
are also adaptable for diagnosing other diseases condi-
tions and blood count such as white/red blood cell counts
and white blood cell differentiation, with various modules
programmed to recognize white/red blood cells and for
analytics thereof.

[0112] The implementation of the method and/or sys-
tem of embodiments of the invention can involve per-
forming or completing selected tasks manually, automat-
ically, or a combination thereof. Moreover, according to
actual instrumentation and equipment of embodiments
of the method and/or system of the invention, several
selected tasks could be implemented by hardware, by
software or by firmware or by a combination thereof using
an operating system.

[0113] For example, hardware for performing selected
tasks according to embodiments of the invention could
be implemented as a chip or a circuit. As software, se-
lected tasks according to embodiments of the invention
could be implemented as a plurality of software instruc-
tions being executed by a computer using any suitable
operating system. In an exemplary embodiment of the
invention, one or more tasks according to exemplary em-
bodiments of method and/or system as described herein
are performed by a data processor, such as a computing
platform for executing a plurality of instructions. Option-
ally, the data processor includes a volatile memory for
storing instructions and/or data and/or a non-volatile stor-
age, for example, non-transitory storage media such as
amagnetic hard-disk and/or removable media, for storing
instructions and/or data. Optionally, a network connec-
tion is provided as well. A display and/or a user input
device such as a keyboard or mouse or printer are op-
tionally provided as well.

[0114] For example, any combination of one or more
non-transitory computer readable (storage) medium(s)
may be utilized in accordance with the above-listed em-
bodiments of the present invention. The non-transitory
computerreadable (storage) medium may be a computer
readable signal medium or a computer readable storage
medium. A computer readable storage medium may be,
for example, but not limited to, an electronic, magnetic,
optical, electromagnetic, infrared, or semiconductor sys-
tem, apparatus, or device, or any suitable combination
of the foregoing. More specific examples (a non-exhaus-
tive list) of the computer readable storage medium would
include the following: an electrical connection having one
or more wires, a portable computer diskette, a hard disk,
a random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), an optical fiber, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suit-
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able combination of the foregoing. In the context of this
document, a computer readable storage medium may be
any tangible medium that can contain, or store a program
for use by or in connection with an instruction execution
system, apparatus, or device.

[0115] A computer readable signal medium may in-
clude a propagated data signal with computer readable
program code embodied therein, for example, in base-
band or as part of a carrier wave. Such a propagated
signal may take any of a variety of forms, including, but
not limited to, electro-magnetic, optical, or any suitable
combination thereof. A computer readable signal medi-
um may be any computer readable medium that is not a
computer readable storage medium and that can com-
municate, propagate, or transport a program for use by
or in connection with an instruction execution system,
apparatus, or device.

[0116] As will be understood with reference to the par-
agraphs and the referenced drawings, provided above,
various embodiments of computer-implemented meth-
ods are provided herein, some of which can be performed
by various embodiments of apparatuses and systems
described herein and some of which can be performed
according to instructions stored in non-transitory compu-
ter-readable storage media described herein. Still, some
embodiments of computer-implemented methods pro-
vided herein can be performed by other apparatuses or
systems and can be performed according to instructions
stored in computer-readable storage media other than
that described herein, as will become apparent to those
having skill in the art with reference to the embodiments
described herein. Any reference to systems and compu-
ter-readable storage media with respect to the following
computer-implemented methods is provided for explan-
atory purposes, and is not intended to limit any of such
systems and any of such non-transitory computer-read-
able storage media with regard to embodiments of com-
puter-implemented methods described above. Likewise,
any reference to the following computer-implemented
methods with respect to systems and computer-readable
storage media is provided for explanatory purposes, and
is not intended to limit any of such computer-implement-
ed methods disclosed herein.

[0117] The flowchartand block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and com-
puter program products according to various embodi-
ments of the present invention. In this regard, each block
in the flowchart or block diagrams may represent a mod-
ule, segment, or portion of code, which comprises one
or more executable instructions for implementing the
specified logical function(s). It should also be noted that,
in some alternative implementations, the functions noted
inthe block may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in
fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, de-
pending upon the functionality involved. It will also be
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noted that each block of the block diagrams and/or flow-
chartillustration, and combinations of blocks in the block
diagrams and/or flowchartiillustration, can be implement-
ed by special purpose hardware-based systems that per-
form the specified functions or acts, or combinations of
special purpose hardware and computer instructions.
[0118] The descriptions of the various embodiments
of the presentinvention have been presented for purpos-
es of illustration, but are not intended to be exhaustive
or limited to the embodiments disclosed. Many modifica-
tions and variations will be apparent to those of ordinary
skill in the art without departing from the scope and spirit
of the described embodiments. The terminology used
herein was chosen to best explain the principles of the
embodiments, the practical application or technical im-
provement over technologies found in the marketplace,
orto enable others of ordinary skillin the artto understand
the embodiments disclosed herein.

[0119] As used herein, the singular form "a", "an" and
"the" include plural references unless the context clearly
dictates otherwise.

[0120] The word "exemplary" is used herein to mean
"serving as an example, instance or illustration". Any em-
bodiment described as "exemplary" is not necessarily to
be construed as preferred or advantageous over other
embodiments and/or to exclude the incorporation of fea-
tures from other embodiments.

[0121] It is appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention, which are, for brevity, described
in the context of a single embodiment, may also be pro-
vided separately or in any suitable subcombination or as
suitable in any other described embodiment of the inven-
tion. Certain features described in the context of various
embodiments are notto be considered essential features
of those embodiments, unless the embodiment is inop-
erative without those elements.

[0122] The above-described processes including por-
tions thereof can be performed by software, hardware
and combinations thereof. These processes and portions
thereof can be performed by computers, computer-type
devices, workstations, processors, micro-processors,
other electronic searching tools and memory and other
non-transitory storage-type devices associated there-
with. The processes and portions thereof can also be
embodied in programmable non-transitory storage me-
dia, for example, compact discs (CDs) or other discs in-
cluding magnetic, optical, etc., readable by a machine or
the like, or other computer usable storage media, includ-
ing magnetic, optical, or semiconductor storage, or other
source of electronic signals.

[0123] The processes (methods)and systems, includ-
ing components thereof, herein have been described with
exemplary reference to specific hardware and software.
The processes (methods) have been described as ex-
emplary, whereby specific steps and their order can be
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omitted and/or changed by persons of ordinary skill in
the art to reduce these embodiments to practice without
undue experimentation. The processes (methods) and
systems have been described in a manner sufficient to
enable persons of ordinary skill in the art to readily adapt
other hardware and software as may be needed toreduce
any of the embodiments to practice without undue ex-
perimentation and using conventional techniques.
[0124] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly,
it is intended to embrace all such alternatives, modifica-
tions and variations that fall within the spirit and broad
scope of the appended claims.

Claims
1. A microfluidic apparatus comprising:

a substrate including oppositely disposed first
and second sides;

a chamber extending into the substrate from the
first side toward the second side to a base, the
chamber including protruding elements forming
a wall of the chamber; and,

a main channel extending along at least a por-
tion of the wall of the chamber along the base
of the chamber.

2. The microfluidic apparatus of claim 1, additionally
comprising:
at least one channel extending from the main chan-
nel, the at least one channel configured to align with
optics of a device in which the substrate is being
viewed.

3. The microfluidic apparatus of claim 1, wherein the
chamber is conical in shape, with the chamber ta-
pering inward from the first side to the second side.

4. The microfluidic apparatus of claim 3, wherein the
protruding elements include a plurality of overlap-
ping plates to form the wall of the chamber.

5. The microfluidic apparatus of claim 4, wherein the
plates are of a flexible and resilient material.

6. The microfluidic apparatus of claim 4, wherein the
main channel is intermediate the plates forming the
wall and the base.

7. The microfluidic apparatus of claim 6, wherein the
main channel is C-shaped and conforms to the

shape of the periphery of the wall of the chamber.

8. The microfluidic apparatus of claim 7, wherein the
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main channel comprises oppositely disposed upper
and lower walls with an outer wall intermediate to
the upper and lower walls.

The microfluidic apparatus of claim 8, wherein the
main channel is such that the outer wall is substan-
tially perpendicular to the oppositely disposed upper
and lower walls.

The microfluidic device of claim 9, wherein the main
channel is dimensioned to facilitate capillary action
for liquid movement through the main channel.

The microfluidic device of claim 1, wherein the first
side includes a surface and the chamber extends
into the substrate from the surface.

The microfluidic device of claim 2, wherein the at
least one channel extending from the main channel
is communicates with the ambient environment via
an openable aperture, so that the communication
with the ambient environment causes the at least
one channel extending from the main channel to fill
with liquid from the main channel.

10

15

20

25

30

35

40

45

50

55

14

26



EP 3772371 A1

o
o)
i
ot

FIG. 1

15



EP 3772371 A1

J3pInOId audIpaWalal

¢ 'Did
08Ty o8¢ 00T
doa7 01T L YTT \
e E7IZ/T1L S N 0T
LTZ 17 apea
¢ IB0U0D UM ¢ee tapeay €0z || Aowsjn faBeiois
wiashs (eoueysewoldy 40SUS501g Nd2
H | | 907 a3nos
ﬁ HBMO
vié it 577 a07
| WeisAgAejsy eandg sav sisAjeuy jeusic SUBHENUNWIIOY
(SIE0MLIN — 2 £07
;'ln
] | |-
B9¢ nup Josuas 757 E 562
adew; pue Bigiien 6y
p ¥9¢ (A1) siosusg SUGIIRDILNILILIDT
soijAjeuy suoyd-yews
~ _ | M 57
653 Ndo
I, 555 adesols ele
i! 8V 5dO e ¥ #Ea
0Lz paseg uoileIn] Awydsig usaung
daniag Yo Asowap /a8eiois 701
pnoj3 i}
L

e

EOT

16



EP 3772371 A1

€ 'Dld

e _voe o > one
> BT dojjoquos
A
T~ q
ottt —el T 1%y
M “OIT §77 sishjeuy jeusis
viz TiZ Jopeay T
N E0E U8 10SUBRoIg |
807 suolienuniiuo S
— 3 ¢ - Gt
80F sondo | 77 yay )
Ty I
gt N\\vfi\ oze 60z~
N
65T
092 Y52
duissenoiy s8ew-eiawie] PoT sondeuy ¥ SUCHIESIUNWILIDY
v 4 v
297 vleg
oy a8ewy Buissanoig AoSUag | Gp7 Aejdsiq uaaing 70T

£0T

=

17



EP 3772371 A1

Obtain Blood Sample formicroscopy 402

¥

Update

Optical Relay of Bloo

d samiple to camera of
mobile computer, &g, smart phone 404

analytics
modiile

;.

based on new
data 444

Convert image into digital data 406

i

Send datato

Analyze digital data by machine
learning/Artificial Intelligénce [Al) 408

cloud server
to update
maching

learning/Al
442

Repaort diagnosis 420

f

<

Store Tagged

Tag Sample Data {optional) 430

Sample Data
{optional) 440

v

Map sample with diagnosistoa
geographic location {optional) 460

i

v ¥

7

Provide miap with-mapped
samples {optional) 462

X v

END 470

hid

Send screen display image (data)
and-diagnosis {optional) to
telemedicine specialist computer
over communications network
{optional) 450

b

L.l ‘over communications network

B

Receive diagnosis from
telemedicine specialist computer

{optional) 452

FIG. 4A

18




EP 3772371 A1

| Dbtain Blood Sample for biosensor strip 412

#

Receive/Read electrochemical signals from
blood sample on biosensor strip 414

il

Convert analog signals to digital signals 416

i

Analyze digital signals 418

Report diagnosis 420’

¢

Tag Sample Data (optional)

430

Update
analytics
module
based on new

datad4d

i

Send datato
cloud server
to update
machine
learning/Al
442

i

X

Store Tagged
Sample Data
{optionaly 440

v

Map sample with diagnosistoa
geographic location {optional) 460

v

v

y

Provide map with-mapped
samples {optional) 462

/

END 470

Send screen display image (data)
and diagnosis {optional 1o
telemedicine specialist computer
over communications network

{optional) 450

T

&

Receive diagnusis from
telemedicine specialist computer
over communications network
{optional) 452

¥ 3

FIG. 4B

19




EP 3772371 A1

Vs o

£EOS

0os
_ rl&nwi\zoﬁﬁ | % ¥IT \
BTTT/TIE 480Ut BT 5db e =
[ Yitm Ewum\ym MWIm». TJE: paseg €Ct U H MNMM | fows I,
LTedT | jeaveysawoydg S105US¢ uoNEI0Y JO5USSOIg 043 W/ 18
| ! h _ 807 204005
055 ] I
2desog ejeq e Moy
£9¢ Hun l.vl.@.\w muwH\LNE.ﬂn
JoRkes - (744 577 sishjeuy 567
PIE wisysA ‘ e f
ARAUE) S a8eus| _ 9ys-Aejdsig uaaing 209 jeugis SuoREANUNWLIOY
Aejsy (eondp . _
N\ > - —
9Te

20



EP 3772371 A1

45 'Ol

005
P a LPIT v\
_ _ [ |
BTTT/CTT 48j00u00 BFS 549 —_ 507
— YUM WBISAS 755 (i) paseq zezaapeey 0T L ows Jaeso0
L8 1 esweysawordg 105U UoiIeI07 105U3501G Ao i 15
| ! ~ | D7 83n0E
_ | w FEVILE
O 785 3un F5S sonAjeuy o
a8eiois vl Em;mm vee G2 sishjeuy 707
28ew| 975 Arjdsig) ussiog 2Jay jeudis SUONEIILNLWWOT
!
I— 1 Y4

€05

21



EP 3772371 A1

—110

FIG. 5C

22



EP 3772371 A1

49 "oOld

uonnjog Buiyseps
DE3 829
| geg
qLOg — ] M | o
uels
i 2109
qzir
Bjul poojg
o e
S, .
109 s
V3 '9id
- F09
uielg
\ €09
18Ul pooig
uoiBas Bumaip {otg)
_ 1 T BI09
q109 “tag

iy
BLTT

23



EP 3772371 A1

as - oid

859 /

- 759

L

18|ul sdwes paxipy

9109~
T s
A ™,
vd A BN
t09 M 2109

PZIT
29 9Ol4

999

L TYS
jeju poojg
¥ : ,.»)/»af
Lo 27TT b it

24



EP 3772371 A1

672

670 666a 666ax
668x
673
T/

673 \ 662
N [/ /
NA s

688a

112e
664

25



EP 3772371 A1

b9 dlL-349 Old

G-49 Ol

899 0.9 999 X899

S

~

289 L
E——1 €89 €89 7g9 %@/N% (2 s
.|||_:ll 20s9—. 899 09 589
=0 —7 ~e——— — — —_
¥99 299 \_kl\ Vﬁ 4 _
X899 289
, at 289~ B S
o $-39' 914 'H——-— 289

299 Z

26



EP 3772371 A1

666b

6<4 662 668x  670b

664 \ _
670 | |
| |
) 682
112e—"| | | ~
670c _ \
682 | \ 670b
680 682

FIG. 6E-2

FIG. 6E-6

112e

27



EP 3772371 A1

1129 699

696a

696a

28



EP 3772371 A1

L

£
o1z

uoioidsns |eoiuio ybiy

#1eadal — aayebau jso |

L7914

auinbewd yym Jusunean

—8anebau a4go

N
\

%

Bunssy Odoo + sunbolojyo
10 10V Yim Jusunes |

%

UOI0B Ul paXiLu
40 euefewWw wWruedple) -UoN

xw,

159) EQmE&cS WLIOLS A
‘BLE[RLU JO uolidsng [esiuyn

wUauwnesy) siojeq
| Bunse} adgo esn Aew - uoissiwsuen

{0 uonusAa.d Joj pasn suinbeluud 4

TIES

(LOV) Adessy} uoieuIgwos

UlUIUISBLE Yim Juswieal |

)

SiusokiBodAy 1

szijeydsoy -§osyd 8s0on|g

VA

euejew wniedinje

NN

29



500’

5808\‘

EP 3772371 A1

i
—

MALARIA TEST N

Results Malaria Positive
Type  PVivax

Para 3%

| Add GbPDtest |

SUSPECTED

| Possible
- coinfection with PF

EXPERT ADVICE
i

GBI Y

O ON/OFF

O Ready
@ Process
O Finish

FIG. 8A

30

1
G6PD TEST
Results G6PD Positive

1. Do not use Primaquing!
2. Expert advice nesded

<&

INSTRUCTIONS ~

O ON/OFF

O Ready
@® Process
O Finish

500’

—~580b

FIG. 8B



EP 3772371 A1

500

BLOOD COUNT
580c——-WBC RBC

Total count 7200WBC/ul

']

—

5,000

Neutrophils ~ 48%
Lymphocytes 40%
Monocytes  7.1%
Eosinophils 3%
Basophils 1%

10,000

v

O ON/OFF

O Ready
@ Process
O Finish

O D

BLOOD COUNT -

WBC RBC
REC 4.7Mi
1 |

43

Hemogic;bin 14.2
| 1 ]

135

O ON/OFF

O Ready
@ Process
O Finish

FIG. 8C

31

FIG. 8D

200"

580d



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

EP 3772371 A1

Application Number

EP 20 18 9472

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages

to claim APPLICATION (IPC)

* figures 1, 2, 3, 4 *

US 2018/304252 Al (WEI CHIA-CHUN [TW] ET |1-12 INV.

AL) 25 October 2018 (2018-10-25) BO1F13/00
* paragraphs [0025] - [0030], [0032], BO1F15/00
[0033] * BO1L3/00

TECHNICAL FIELDS
SEARCHED (IPC)

[

BO1F
BO1L
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 7 December 2020 Bischoff, Laura

EPO FORM 1503 03.82 (P04C01)

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

32




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3772371 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 20 18 9472

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-12-2020
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2018304252 Al 25-10-2018 CN 108722504 A 02-11-2018
EP 3391967 Al 24-10-2018
JP 6498249 B2 10-04-2019
JP 2018176412 A 15-11-2018
US 2018304252 Al 25-10-2018

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

33



EP 3772 371 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e IL 2018050132 W [0001] e US 62454933 [0001]

34



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

