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1. Executive Summary

The objective of HEARTEN dissemination strategy is to present the dissemination and communication
activities and results of the project to the public, the relevant stakeholders and the involved actors.
This strategy has been continuously evolved to increase the visibility of the project and achieve a wide
penetration. “D2.5 — HEARTEN Presentations and Promotional Material 4” provides an overview of the
performed actions in the period M31-M36 and explains in detail the dissemination activities that the
consortium has participated in to disseminate the objectives and results of HEARTEN project and final
integrated platform solution. Among the communication tools that have been utilized to effectively
and efficiently diffuse HEARTEN are:

e Journal publications in the Journal of Breath Research, in the Microchemical Journal, in the
Biosensors and Bioelectronics Journal, in the Electroanalysis Journal, in the Sensors and
Actuators B: Chemical Journal, in the Macromolecular Science -Part A Journal and in the
Analytical Letters Journal.

e Conference publications; at the IEEE International Conference on Biolnformatics and
BioEngineering - BIBE 2017, at the IEEE Conference on Biomedical and Health Informatics - BHI
2018, at the SPIE Microtechnologies 2017 Conference and at the Eurosensors 2017
Conference.

e Project presentations: (i) to SingularLogic, which is a leading Greek Software Vendor, (ii) to
pharmaceutical industry, banking industry, (iii) to private insurance industry, to telemedicine
vendors and to healthcare professionals, (iv) in the IEEE Engineering in Medicine and Biology
Society - EMBC’17, (v) in the National University Health System (NUHS), (vi) in the Taishan
International Forum on Healthcare Technologies, Robots and Artificial Intelligence, (vii) in the
European Respiratory Society Congress, (viii) in the kick off meeting of Inno-INDIGO-NCD-

e Poster presentations at the International Conference on Micro and Nano Engineering 2017, at
the XXVI National Congress of the Italian Chemical Society event, at the EuroEcho-Imaging
2017 Congress and in the Sinnova 2017 - Sardinian innovation fair.

e Flyer distribution to several events, such as in the Big/Open/Small Data in the Health Event
(Valencia, Spain), in the Cardiovascular Symposium for Chronic Heart Failure Management
(Greece), in the BRIGHT: Researchers’ Night” (Italy), in the National Cardiology meeting (Italy),
in Sinnova 2017 - Sardinian innovation fair (ltaly) and in the Virgen del Rocio University
Hospital (Spain).

e Other dissemination activities, such as the creation of a video showing the integration tool for
HEARTEN platform and SAS clinical center, the creation of newsletters consolidating the
highlights of news published under the social network accounts and under the HEARTEN
website, the creation of a HEARTEN product informative sheet to be used in commercial
actions, and the creation of a newsletter targeting the caregivers network.

e Update of HEARTEN website and active participation in social media (Facebook, Twitter,
LinkedIn).
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An overview of the dissemination activities performed from M31-M36 per category is presented in
Table 1.

Table 1: Dissemination and promotional activities from M31-M36.

Type of activity Number

Journal publications 12
Conference publications 5
Poster presentations 7
Project presentations 120

Flyer distribution to events
Newsletters creation
Video creation

=00 | O

2. Dissemination Tools and Activities

2.1 Summary of dissemination activities conducted by each partner
UCBL
The mean activities of UCBL have focused in the dissemination of the results achieved on the HEARTEN
biosensors in scientific journals and presentations in several European and international conferences.
This has been done in collaboration with other partners (UNIPI, CSIC, FORTH etc.). The Scientific
results of the project were focused on development of new biosensors for the analysis of breath and
saliva, and most of results were published in high ranking journals.
EVERIS
EVERIS has taken the opportunity to attend different events, present HEARTEN project by creating and
promoting new promotional material including a new video and a product sheet. EVERIS led the
translation into Spanish of a new leaflet prepared by FORTH. Some of the dissemination actions
performed by EVERIS include:
e Distribution of HEARTEN leaflets at the Big/Open/Small Data in Health Event in Valencia,
Spain.
e Led of Spanish translation of the latest project leaflet.
e Creation of product sheet adapted to EVERIS guidelines to be distributed among other product
sheets of services and products by EVERIS in different commercial events.
e Preparation of a video demonstrating the tool created for integrating HEARTEN with SAS
Electronic Health Record
e Preparation of newsletters consolidating highlights of news published under the social
network accounts and published under the HEARTEN Website.
e Contribution to the social networks of the HEARTEN Project
AppArt
AppArt is a software development company with a big portfolio of IT customers. AppArt disseminates
the project results utilizing the existing customer base and partnerships. Furthermore, AppArt utilizes
the wide network of cooperation with other vendors and IT Integrators in order to promote HEARTEN
project and leverage the targeting of their customers in Greece or other countries, in which they
operate in Europe and Middle East. In this context, AppArt organized and performed a presentation to
SingularLogic, a leading Greek Software Vendor, which was actually a corporate presentation aiming to
inform our partner about AppArt’s activities, projects, technical know-how and experience. A special
section was dedicated to the presentation of our work and the results of HEARTEN project.
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FORTH

The dissemination and communication activities of FORTH are targeting on wide-spreading the
outcomes of the HEARTEN Knowledge Management System (KMS) and the overall project findings.
Towards this direction, the period from M31-M36, the following activities have been performed; (i)
presentation in the 39th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society - EMBC’17 in Korea (July 2017), (ii) paper publication and presentation in the 7th
annual IEEE International Conference on Biolnformatics and BioEngineering - BIBE 2017 in Washington
(October 2017), (ii) paper submission in the IEEE Conference on Biomedical and Health Informatics
(BHI 2018) that will be held in Las Vegas (March 2018), (ii) participation and flyer distribution in the
Cardiovascular Symposium for Chronic Heart Failure Management (loannina, Greece), (iii) project
presentations in the National University Health System (NUHS) in Singapore (September 2017) and in
the Taishan International Forum on Healthcare Technologies, Robots and Artificial Intelligence in China
(August 2017).

CsIC

The activities of CSIC have focused in the dissemination of the results achieved on the HEARTEN
biosensors in scientific journals and conferences. This has been done in collaboration with UCBL, since
the biosensors are a joint development of both beneficiaries. In cooperation with the Spanish partners
(EVERIS, SAS), CSIC has contributed to the translation to Spanish of the second HEARTEN leaflet,
dedicated to HF patients.

UMOR

UMOR dissemination activities focused on the publication in scientific journals and presentations in
several European and International conferences aiming to share the achievements and develop
national and international links. Research results of the project were related to healthcare, analytical
chemistry and the biomedical field and communicated to the scientific and medical community. The
results were published in high ranking journals and distributed at several relevant events. In addition,
we used the new knowledge in the University Hospital for educating and training of the students.
UNIPI

The main goal of the dissemination activities carried out by UNIPI is to spread the knowledge obtained
during the whole period among cardiology specialists, analytical chemists and family doctors.
Furthermore, dissemination is also performed in HF patient local association. Finally, dissemination
was performed by conventional channels: conferences (national and international conference) and
papers in scientific journals.

SAS

From August 2017, SAS performed a patient-oriented leaflet distribution in Virgen del Rocio University
Hospital installations (50 leaflets).

YOURDATA

The main objective of YOURDATA communication activities has been the dissemination of the general
content of the project to potential customers and investors, as well as to general public and policy
makers. The channels used have been: Innovation fairs, public presentations and local press.
BIOAXIS-CAREDOME

BIOAXIS-CAREDOME has focused on disseminating the progress of HEARTEN to its core partners and
customers across Portugal, Greece, United Kingdom and Bulgaria. Therefore, the dissemination target
group is consisted of pharmaceutical industry executives, healthcare professionals, cooperating
caregivers (nurse agents), Bank Institutes, Private Insurance Companies and medical devices and
telemedicine vendors. BIOAXIS-CAREDOME has developed the necessary presentations and newsletter
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which were used to achieve the dissemination targets during this period. In addition, the HEARTEN
project video has been used in face to face presentations. In summary, the following dissemination
activities were conducted:
e Face to face meetings and presentations to 69 international pharmaceutical companies in
Portugal, Greece and Bulgaria.
e Face to face meetings and presentations to two Private Banks in Greece.
e Face to face meetings and presentations to two Private Insurance companies in Greece.
e Face to face presentation to 37 cardiologists located in Portugal and Greece.
e Face to face meetings and presentations to two medical device vendors in Greece and United
Kingdom.
e Newsletter to 72 nurse agents cooperating with BIOAXIS-CAREDOME, 279 pharmaceutical
industry experts and 1.114 healthcare professionals.

Page 10 of 54



H%Qq D2.5 HEARTEN Presentations and Promotional Material 4

2.2 Summary of overall dissemination activities

2.2.1 HEARTEN publications (Journal, Conferences)

UCBL

A paper entitled “Miniaturized multiparametric flexible platform for the simultaneous monitoring of
ionic: Application in real urine” has been published in the Sensors and Actuators B Journal (Figure 1).
This paper reports on the fabrication of platform fabricated by means of rapid prototyping techniques
using polymeric substrates, and incorporates all the necessary elements to measure the four analytes.
It was designed with four gold sensing electrodes, and integrates a gold counter electrode and an
Ag/AgCl pseudo-reference electrode for the electrochemical measurements in small volumes (0.83 L)
of samples. The sensors featured good sensitivities of 3.60 + 0.2 nA (mg L-1) for DO and 69 = 1 mV
decade-1 for pH. Na+ and K+ [I5E exhibited sensitivities of 57 + 1 mV decade-1 and 52 + 2 mV
decade-1, and low limits of detection 5 x 10-6 M and 0.5 x 10-5 M respectively. This platform allows
the dynamic measurement of the biological fluids parameters simultaneously, in real time and with a
rapid response. The versatility of the platform allows its adaptation in any microfluidic cells culture
systems. The novel multi-sensor platform has been validated in controlled buffers and with artificial
urine (AU). A proof-of-concept using real mice urine (RU) has been carried out, demonstrating the
good behaviour of the multi-sensing platform.

Sensors and Actuators B 255 (2018) 2861-2870

Contents lists available at ScienceDirect

Sensors and Actuators B: Chemical ACTORTORS

journal homepage: www.elsevier.com/locate/snb

Miniaturized multiparametric flexible platform for the simultaneous @CWMM
monitoring of ionic: Application in real urine

AnaMoya®®¢, Xavi Illa*, Ignacio Gimenez®, Yoskaly Lazo-Fernandez”, Rosa Villa™,
Abdelhamid Errachid €, Gemma Gabriel®9*

2 [nstituto de Microelectrdnica de Barcelona, IMB-CNM (CSIC), Esfera UAB, Campus Universitatr Auténoma de Barcelona, 08193 Bellaterra, Barcelona, Spain
b Instituto Aragonés de Ciencias de la Salud (IACS), 11S Aragdn, Universidad de Zaragoza, Spain

< Université de Lyon, Institut des Sciences Analytiques, UMR 5280, CNRS, Université Lyon 1, ENS Lyon, 5 rue de la Doua, F-69100 Villeurbanne, France

d Biomedical Research Networking Center in Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN), Spain

€ PhD in Electrical and Telecommunication Engineering, Universitat Autoitoma de Barcelona (UAB), Spain

Figure 1: Paper entitled “Miniaturized multiparametric flexible platform for the simultaneous monitoring of
ionic: Application in real urine”.

The details of the journal, where the paper was submitted are depicted in Table 2.

Table 2: Details of the paper presented in the Journal “Sensors and Actuators B”.

Journal Title | Sensors and Actuators B ‘ Impact Factor | 5.401

Targ.eted Biosensor experts and Electrochemical sensor experts

audience

Paper title Miniaturized multiparametric flexible platform for the simultaneous monitoring of
ionic: Application in real urine

Volume 255 | Date | 2018

Paper published in the Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy
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A paper entitled “Highly selective apo-arginase based method for sensitive enzymatic assay of
manganese (ll) and cobalt (ll) ions” has been published in Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy Journal (Figure 2). This paper reports on a novel enzymatic method of
manganese (1) and cobalt (Il) ions assay, based on using apo-enzyme of Mn?*-dependent recombinant
arginase | (arginase) and 2,3-butanedionemonoxime (DMO) as a chemical reagent is proposed. The
principle of the method is the evaluation of the activity of L-arginine-hydrolyzing of arginase
holoenzyme after the specific binding of Mn?* or Co?* with apo-arginase. Urea, which is the product of
enzymatic hydrolysis of L-arginine (Arg), reacts with DMO and the resulted compound is detected by
both fluorometry and visual spectrophotometry. Thus, the content of metal ions in the tested samples
can be determined by measuring the level of urea generated after enzymatic hydrolysis of Arg by
reconstructed arginase holoenzyme in the presence of tested metal ions. The linearity range of the
fluorometric apo-arginase-DMO method in the case of Mn?* assay is from 4 pM to 1.10 nM with a limit
of detection of 1 pM Mn?*, whereas the linearity range of the present method in the case of Co2+
assay is from 8 pM to 45 nM with a limit of detection of 2.5 pMCo?". The proposed method being
highly sensitive, selective, valid and low-cost ,may be useful tomonitor Mn?* and Co?" content in
clinical laboratories, food industry and environmental control service.

Spectmochimica Acta Pait A: Molecular and Biomolecular S pectroscopy 193 (2018) 349-356

Contents lists available at ScienceDirect

Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy

journal homepage: www.elsevier.com/locate/saa

Highly selective apo-arginase based method for sensitive enzymatic L)
assay of manganese (II) and cobalt (II) ions

|

Nataliya Stasyuk *, Galina Gayda®, Andriy Zakalskiy ¢, Oksana Zakalska ?,
Abdelhamid Errachid ®, Mykhailo Gonchar **

# Department of Analytical Biotechnology, Institute of Cell Biology, NAS of Ukmne, Drahomanov Str. 14/16, Ly 79005, Lkraine
" Université de Lyon, Analytical Scences Institute, UMR CNRS 5180, ONRS, Universit? de Lyon 1, ENS Lyon, 5 rue de la Doua, F69100 Villeurbanne Cedex, France

ARTICLE INFO ABSTRACT

Article histary: A novel enzymatic method of manganese (1) and cobalt (Il) ions assay, based on using apo-enzyme of Mn® *-de-
Recenvid 15 August 2017 pendent recombinant arginase | (arginase) and 2,3-butanedione monoxime (DMO) as a chemical reagent is pro-
Recetved in revised r""_"‘z? November 2017 posed. The principle of the method is the evaluation of the activity of L-arginine-hydrolyzing of arginase
:;:T:hf 3HL::':‘EL%FL_§;LF - holoenzyme after the specific binding of Mn~ or Co®* with apo-arginase. Urea, which is the product of enzy-

matic hydrolysis of L-arginine {Arg), reacts with DMO and the resulted compound is detected by both fluorom-

Keywords etry and visual spedrophotometry. Thus, the content of metal ions in the tested samples can be determined by
Recombinant arginae | measuring the level of urea generated after enzymatic hydrolysis of Arg by recynstructed arginase holoenzyme
Apoenzyme in the presence of tested metal ions. The linearity range of the fluorometric apo-arginase-DMO method in the
Holoenzy me case of Mn®™ assay is from 4 pM to 1.10 nM with a limit of detection of 1 pM Mn*~, whereas the linearity
Enzymatic analyss range of the present method in the case of Co” ™ assay is from & pM to 45 nM with a limit of detection of
Manganese (1) and cobalt (1) ions 2.5 pM Co” ™. The proposed method being highly sensitive, selective, valid and low-mst, may be useful to monitor
L-arginine Mn*~ and Co” ™ content in clinical laboratories, food industry and environmental control service,

© 2017 Elsevier BV. All rights reserved.

Figure 2: Paper entitled “Highly selective apo-arginase based method for sensitive enzymatic assay of
manganese (II) and cobalt (ll) ions”.

The details of the journal, where the paper was submitted are depicted in Table 3.
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Table 3: Details of the paper presented in the “Spectrochimica Acta Part A: Molecular and Biomolecular

In

Spectroscopy Journa

Spectrochimica Acta Part A:

Journal Title | Molecular and Biomolecular | Impact Factor 2.536
Spectroscopy Journal
T
a"?eted Biosensor experts and Electrochemical sensor experts
audience
. Highly selective apo-arginase based method for sensitive enzymatic assay of
Paper title .
manganese (IlI) and cobalt (ll) ions
Volume 193 | Date 2018
FORTH

Paper published in the Proceedings of the 7th annual IEEE International Conference on

Biolnformatics and BioEngineering - BIBE 2017
A paper entitled “Predicting Heart Failure patient events by exploiting saliva and breath biomarkers

information” has been accepted in the 7th annual IEEE International Conference on Biolnformatics and
BioEngineering - BIBE 2017 (Figure 3) [1]. The paper presents a machine learning based approach for
predicting the adverse events in terms of mortality and relapses in patients with heart failure (HF). To
accomplish this, measurements of breath and saliva biomarkers are exploited. More specifically, data
collection and analysis from 27 patients enabled the prediction of adverse events with an accuracy of
77%.

Predicting Heart Failure patient events by exploiting saliva and breath biomarkers
information

Evanthia E. Tripoliti, Georgia S. Karanasiou,
Fanis G. Kalatzis, Dimitrios L Fotiadis
Diepartment of Biomedical Research, Instifute of
Molecular Biology and Biotechnology
Foundation for Research and Technology-Hellas,
Ioanninz, Greece
efrpolitaemal com, zkarsnasiowi smal com,

thalatzg email.com. fotiadisigico ol ox
Katenna K. Naka, Ans Bechlioulis

2nd Department of Cardiology, University of loanmna,

Ioannina, Greece
drkknaka i zmail com.

mdl2798Evahoo.ar

Yorgos Goletsis

Department of Economies
University of loanmna
Ioannina, Greece

oletsisifios uol.=r

Abstract—The aim of this work 15 to present a machme
learmnz bazed method for the predicnion of adverse events
{mortality and relapses) in patients with heart failure (HF)
by exploiting, for the first ime, measurements of breath and
zaliva blomarkers. Data from 27 patients are used o the
study znd the prediction of adverse events 15 achieved with
hagh accouracy (77%). As m the near fiture, iomarkers can
be measwred at home, together with other phy=miological
data, the accwrate prediction of adverse events on the basis
of home based measwements can revolufiomize HF

managemant.

Silvia Ghimenti, Tommaso Lomonace,
Francesca Bellagambi, Foger Fuoco
Deepartment of Chemisiry and Indursinal Chemishry,
University of Piza
Pisa, Italy
sibida shimenti@ife enrit, lomonaco/@ife corit,
frellasambiaife corit, fuocofdeci unipn it

Mario Marzilli, Maria Chiara Scali
Arienda Ospedaliera-Umiversitaria Pisana
Cardiothoracie and Vasenlar Department,

Piza, Italy mano.mar=illhGimed wrap it

chizra scali@yahoo.it

Abdelhamid Errachid
Universite de Lyon,
Institut de Sciences Analytiques,
Villewrbanne France
abdelhammd ervzchidiguniv-lvonl &

with HF die while m hospital and the 17-25% die within one
vear of admession [2] The cost of HF management 15 drven
by hospitalizations, comespending o 1-2% of tofal
healtheare expendiiure.

The abibity to accurately predict the aforementioned
undesirable events enables the effective nsk stratification of
pattents and allows the clmical decision making This
valuable progneostic information can gude the climeal
experts in the adaptation of patient mana and m the
zelection of the best treatment plan that should be followed.
In tum thes 1= expected to improve the gqualty of care
provided to the pahents while in parzllel result m batter
Temaléh marbmmmnns  Tomrmeds dhin divmmbion  i8Fmmm F b

Figure 3: Paper entitled “Predicting Heart Failure patient events by exploiting saliva and breath biomarkers

information”.

The details of the Conference, where the paper was accepted are depicted in Table 4.
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Table 4: Details of BIBE 2017 Conference.

Conference Title

7th annual |EEE International Conference on Biolnformatics and

BioEngineering - BIBE 2017

Location Washington
Date 23 -25 October 2017
Th f th

eme of the Conference on Bioinformatics and Bioengineering
Conference
Targeted - . . . . . .

> Bioinformatics and Bioengineering/Biomedical experts

audience

Paper submitted in the IEEE Conference on Biomedical and Health Informatics - BHI 2018

A paper entitled “HEARTEN: An integrated mHealth platform for holistic HF management” has been
submitted in the IEEE Conference on Biomedical and Health Informatics - BHI 2018 (Figure 4) ([2]. The
paper presents an overview of HEARTEN integrated mHealth platform including a description on the

current progress on the novel breath and saliva biosensors, the mobile and web application, the

Knowledge Management System and the Dynamic Patient Communication Protocol (DynPCPC).

HEARTEN: An integrated mHealth platform for holistic HF

management

Georgia 5. Karanasion, Evanthia E. Topoliti, Member IEEE, Yorgos Goletsis, Member IEEE, Fanis G.
Kalatziz, Katenna K Naka, RogerFuoco, WolframMiekizch, Kostis E. Tzannetiz, Stefanos G.Zervos.
Joan E. Bauzells, Senior Member, IEEE, Abdelhanud Enachid, Dimitrips I. Fotiadis, Senior Member

IEEE

Abstract— Heart Failore (HF) is a chronie disease with a
continnously increasing mcidence and prevalence, HF patients
need to cope with often re-admissions and advert events, Patient
adherence m medication, nuotrition and physical activigy
guidelines becomes a critical factor that can sienificantly reduce
or even prevent re-hospitalizations and improve guality of life
HEARTEN, an integrated mHealth platform for holistic HF
management can significantly contribate to effective and
efficient (=lf) management of the HF patientz through the
intesration of novel breath and mliva biomnwrs, sensors and
machine learning and knowledge management technignes,

1 INTRODUCTION

HezrtFailure (HF) is 2 chronic disease with 2 contmuously

increzsing incidence and prevalence. This cardiovascular
syndrome is expectsd to merezse the naxt 23 vears, double the
incidence rates and merese its prevalence 10 fold from age &)
to age 80 [1]. Currently, 15 million people are living with HF
i Europs [2].

In the current clinical practios, the mamzpement of HF
patients imveolves differsnt experts. The latter examine the
patients m 2 frequent basis and provide 2 varisty of treatment
suggsstions and recommendations. Cument suidelines of the
European Society of Cardiology for HF management call for

optimzl manzgement i medication, hypertensim contrel,
nutrition, weight, physical activity, and  adoption of
mdividualized education =nd comseling that emphasizes
self-care [3]. In this framework, patient adhersnce becomes 2
critical factor that can significanfly reduce or even prevent
re-hospitzlizations and improve quality oflife.

The identification of patients who could be decompensate
is valusble m terms of expected hospitalization reduction.
Several attempts havebeen made to recognize the HF patients
bemg at risk by using telemonitoring programs or patient
homs visits. Some of these programs have been partially
effective, however the latter were of excessive cost and were
difficult to be implementad i high mmber of patients [3], [6].
An efficient self-mmapement system, that avoids hospital
visits, zllows home monitoring zrid can therefore significantly
increase patient adherence and reduce zdverse svents and
re-hospitzlities. 15 essentizl. Such a system should efficiently
integrate znd orchestrate 2ll disezse management actors,
imcluding the patient himselfherself, the doctors, the
caregivers, the experts on nutrition, on physical activity, ste.

This iz the goal of the HEARTEN platform, an mtegrated

mHegalth pl latform for helistic HF management. In contrast to
the pf"‘“‘LUllil‘Ef proposed systems, HEARTEN targes the

management of the patients suﬂermz from HF the

Figure 4: Paper entitled “HEARTEN: An integrated mHealth platform for holistic HF management”.

The details of the Conference, where the paper was submitted are depicted in Table 5.

Table 5: Details of BHI 2018 Conference.

Conference Title IEEE Conference on Biomedical and Health Informatics - BHI 2018
Location Las Vegas, Nevada, USA
Date March 2018
Theme of the Novel sensors, systems, signal processing, analytics and data management
Conference services
T
a"‘?eted mHealth and health analytics experts
audience
CsIC
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Paper published in the Biosensors and Bioelectronics Journal

A paper on a biosensor for the detection of cytokines has been published in Biosensors and
Bioelectronics (Figure 5) [3]. Interleukin-1b (IL-1b) and interleukin-10 (IL-10) biomarkers are one of
many antigens that are secreted in acute stages of inflammation after left ventricle assisted device
(LVAD) implantation for patients suffering from heart failure (HF). In this paper we developed a fully
integrated electrochemical biosensor platform for cytokine detection at minute concentrations.
Monoclonal antibodies (mAb) of anti-human IL-1b and anti-human IL-10 were electroaddressed onto
gold working electrodes through functionalization with 4-carboxymethyl aryl diazonium (CMA). The
electrodes were measured by electrochemical impedance spectroscopy. IL-10 and IL-1b were detected
within the range of 1 pg/mL to 15 pg/mL and no interference with other cytokines was observed.

Biosensors and Bioelectronics 93 (2017) 170-175

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

journal homepage: www.elsevier.com/locate/bios

A fully integrated electrochemical biosensor platform fabrication process for @ S

cytokines detection
Abdoullatif Baraket®, Michael Lee®, Nadia Zine®, Monique Sigaud®, Joan Bausells®,
Abdelhamid Errachid™*

* Université de Lyon, Institut des Sciences Analytiques, UMR 5280, CNRS, Université Lyon 1, ENS Lyon -5, rue de la Doua, F-69100 Villeurbanne, France
" Centro Nacional de Microelectrinica (IMB-CSIC) Campus UAB, Bellaterra, 08193 Barcelona, Spain

ARTICLE INFO ABSTRACT

Keywonds: Interlenkin-1b (IL-1b) and interleukin-10 (IL-10) biomarkers are one of many antigens that are secreted in
Biosensor platform acute stages of inflammation after left ventricle assisted device (LVAD) implantation for patients suffering from
Cytokines heart failure (HF). In the present study, we have developed a fully integrated electrochemical biosensor platform

Hectrochemical impedance spectroscopy
Multi-detection
Heart failure

for cytokine detection at minute concentrations. Using eight gold working microelectrodes (WEs) the design will
increase the sensitivity of detection, decrease the time of measurements, and allow a simultaneous detection of
varying cytokine biomarkers. The biosensor platform was fabricated onto silicon substrates using silicon
technology. Monoclonal antibodies (maAb) of anti-human IL-1b and anti-human IL-10 were electroaddressed
onto the gold WEs through functionalization with 4-carboxymethyl aryl diazonium (CMA). Cyclic wltammetry
(CV) was applied during the WE functionalization process to characterize the gold WE surface properties.
Finally, electrochemical impedance spectroscopy (EIS) characterized the modified gold WE. The hiosensor
platform was highly sensitive to the corresponding cytokines and no interference with other cytokines was
observed. Both cytokines: IL-10 and IL-1b were detected within the range of 1 pgmL™" to 15 pgmL™". The
present electrochemical biosensor platform is very promising for multi-detection of biomolecules which can
dramatically decrease the time of analysis. This can provide data to clinicians and doctors concerning cytokines
secretion at mimite concentrations and the prediction of the first signs of inflammation after LVAD
implantation.

Figure 5: Paper published in “Biosensors and Bioelectronics” Journal.

The details of the journal, where the paper was submitted are depicted in Table 6.

Table 6: Details of the paper presented in the Journal “Biosensors and Bioelectronics”.

Journal . . .
Titl Biosensors and Bioelectronics Impact Factor 7.476
itle
Targeted . .
. Biosensor experts; Electrochemical sensor experts.
audience
. A fully integrated electrochemical biosensor platform fabrication process for
Paper title . .
cytokines detection
Volume 93 Date 2017
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Paper published in the Biosensors and Bioelectronics Journal

A paper on a biosensor for the detection of sulfapyridine has been published in Biosensors and
Bioelectronics (Figure 6) [3]. Sulfapyridine (SPy) is an antibiotic largely employed as veterinary drugs
for prophylactic and therapeutic purposes. Therefore, its spread in the food products has to be
restricted. This paper reports the synthesis and characterization of a novel electrochemical biosensor
based on gold microelectrodes modified with a new structure of magnetic nanoparticles (MNPs)
coated with poly(pyrrole-co-pyrrole-2-carboxylicacid) (Py/Py-COOH). The analyte was quantified
through a competitive detection procedure with SA2-BSA antigens toward polyclonal antibody (Ab-
155). Electrochemical measurements were carried out using electrochemical impedance spectroscopy.
The biosensor was found to be highly sensitive and specific for SPy, with a limit of detection of 0.4
ng/L. This technique was exploited to detect SPy in honey samples by using the standard addition
method.

Biosensors and Bioelectronics 93 (2017) 282-288

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

journal homepage: www.elsevier.com/locate/bios

Novel strategy for sulfapyridine detection using a fully integrated @)C,“
electrochemical Bio-MEMS: Application to honey analysis

Nadia Fl Alami Fl Hassani "¢, Abdoullatif Baraket ¢, Ernandes Taveira Tenério Neto 9,
Michael Lee ¢, |-Pablo Salvador &, M-pilar Marco *, Joan Bausells #, Nezha El Bari?,
Benachir Bouchikhi ?, Abdelhamid Elaissari9, Abdelhamid Errachid ¢, Nadia Zine &*

* Biotechnology Agroalimentary and Biomedical Analysis Group, Department of Biology, Faculty of Sciences, Moulay lsmail University, BP 11201 Zitoune,
Meknes, Morocco

® Sensor Hectronic and Instrumentation Group, Department of Physics, Faculty of Sdences, Moulay Ismail University, BP 11201 Zitoune, Meknes, Morocco
“Université de Lyon, Institut des Sciences Analytiques, UMR 5280, CNRS, Université Lyon 1, ENS Lyon -5, rue de la Doua, F-69100 Villzurbanne, France

4 Université de Lyon, LAGEP, UMR-5007, CNRS, Université Lyon 1, 5007, 43 Bd 11 Novembre 1918, F-69622 Villeurbanne, France

= Nanobiotechnology for Diagnostics {Nb4D), CIBER de Bioinge nierfa, Biomateriales y Nanomedicing ((JBER-BBN), Spain

'Nmobiotechnology for Diagnostics {Nb4D), Institute for Advanced Chemistry of Catalonia (IQAC) of the Spanish Council for Scientific Research (CSIC). Jordi
Girona 18-26, 08034 Barcelona, Spain

# Instiruro de Microeleceronica de Barcelona, IMB-CNM (CSIC) Campus UAB, 08193 Bellaterra, Barcelona, Spain

Figure 6: Paper published in “Biosensors and Bioelectronics” Journal.

The details of the journal, where the paper was submitted are depicted in Table 7.
Table 7: Details of the paper presented in the Journal “Biosensors and Bioelectronics”.

Journal Title | Biosensors and Bioelectronics ‘ Impact Factor | 7.780
Targeted .

. Electrochemical sensor experts
audience

Novel strategy for sulfapyridine detection using a fully integrated
electrochemical Bio-MEMS: Application to honey analysis
Volume 93 | Date | 2017

Paper published in the Electroanalysis Journal

A paper on a chemical sensor for phosphate ion detection has been published in Electroanalysis

Paper title

(Figure 7) [4]. The paper reports a highly sensitive capacitive sensor based on an acrylate polymer that
contains Cu ions. The polymer was deposited on a structure with silicon dioxide and silicon nitride over
a silicon substrate, and the capacitance as a function of the applied voltage was used for the
measurements. The sensor showed a good performance for phosphate ions detection within the
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Full Paper

DOL 10.1002/elan.201700005

Wiley Online Library

ELECTROANALYSIS

Silicon Nitride Capacitive Chemical Sensor for Phosphate
Ion Detection Based on Copper Phthalocyanine -

Acrylate-polymer

Lassaad Barhoumi,™" Abdoullatif Baraket.*'! Naglaa Mohammed Nooredeen,! Mounir Ben Ali[*"
Mohammed Nooredeen Abbas. Joan Bausells,” and Abdelhamid Errachid

Abstract: In this work, we report the development of a
highly sensitive capacitance chemical sensor based on a
copper C,C,C,C-tetra-carboxylic phthalocyanine-acrylate
polymer adduct (Cu(II)TCPc-PAA) for phosphate ions
detection. A capacitance silicon nitride substrate based
Al-Cu/Si-p/Si0,/Si;N; structure was used as transducer.
These materials have provided good stability of electro-
chemical measurements. The functionalized silicon-based
transducers with a Cu(Il)Pc-PAA membrane were charac-
terized by using Mott-Schottky technique measurements
at different frequency ranges and for different phosphate
concentrations. The morphological surface of the Cu(Il)
Pc-PAA modified silicon-nitride based transducer was
characterized by contact angle measurements and atomic

the Mott-Schottcky technique for different Tris-HCI
buffer solutions. The sensitivity of silicon nitride was
studied at different pH of Tris-HCI buffer solutions. This
pH test has provided a sensitivity value of 51 mV/decade.
The developed chemical sensor showed a good perform-
ance for phosphate ions detection within the range of
10" to 10 M with a Nernstian sensitivity of 27.7 mV/
decade. The limit of detection of phosphate ions was
determined at 1 nM. This chemical sensor was highly
specific for phosphate ions when compared to other
interfering ions as chloride, sulfate, carbonate and
perchlorate. The present capacitive chemical sensor is
thus very promising for sensitive and rapid detection of
phosphate in environmental applications.

force microscopy. The pH effect was also investigated by

Keywords: Capacitive chemical sensor - phthalocyanine-acrylate - phosphate ions - Mott-Schottky
Figure 7: Paper published in “Electroanalysis” Journal.

The details of the journal, where the paper was submitted are depicted in Table 8.
Table 8: Details of the paper presented in the Journal “Electroanalysis”.

Journal Title | Electroanalysis Impact Factor 2.851

Targeted Electrochemical sensor experts

audience

Paper title Silicon nitride capacitive chemical sensor for phosphate ion detection based on
copper phthalocyanine-acrylate-polymer

Volume 29 | Date | 2017

Paper published in the Sensors and Actuators B: Chemical Journal

A paper describing a biosensor platform for TNF-a detection in saliva has been published in Sensors
and Actuators B: Chemical Journal (Figure 8) [5]. The paper reports a highly sensitive biosensor for
TNF-a detection in human saliva. The monoclonal antibodies anti-TNF-a were immobilized onto gold
electrodes through functionalization with carboxyl diazonium. Electro-chemical impedance
spectroscopy combined with the standard addition method were used for the detection. TNF-a was
analysed in PBS buffer, artificial saliva and real human saliva within the range 1-100 pg/mL, which is
relevant for patients suffering from heart failure. The results allowed detecting a concentration of 3.1

pg/mL in human saliva, which is very promising for rapid analysis for cytokines detection.
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Sensors and Actuators B 251 (2017) 1026-1033

Contents lists available at ScienceDirect

Sensors and Actuators B: Chemical

journal homepage: www.elsevier.com/locate/snb

Electrochemical biosensor platform for TNF-« cytokines detection in @Cwssmk
both artificial and human saliva: Heart failure

Francesca G. Bellagambi?, Abdoullatif Baraket"*, Alessia Longo ¢, Monica Vatteroni®<,
Nadia Zine®, Joan Bausells®, Roger Fuoco?, Fabio Di Francesco?, Pietro Salvo?,
Georgia S. Karanasiou?, Dimitrios 1. Fotiadis?, Arianna Menciassi9, Abdelhamid Errachid®

“ Department of Chemistry and Industrial Chemistry, University of Pisa, via Giuseppe Moruzzi 13, 56124, Pisa. Italy

b Université de Lyon, Institut des Sciences Analytiques, UMR 5280, CNRS, Université Lyon 1, ENS Lyon - 5, rue de la Doua, 69100 Villeurbanne, France

© Department of Information Engineering, University of Pisa, via Girolamo Caruse 16, 56122, Pisa, Italy

4 Bio Robotics Institute, Scuola Superiore Sant’Anna, viale Rinaldo Piaggio 34, 56025, Pontedera, Pisa, Italy

© Instituto de Microelectronica de Barcelona, IMB-ONM (CSIC), Campus UAB, 08193, Bellaterra, Spain

? Institute of Clinical Physiology (IFC) of National Research Council (CNR), Via Moruzzi 1, 56124, Pisa. Italy
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Figure 8: Paper published in “ Sensors and Actuators B: Chemical” Journal.

The details of the journal, where the paper was submitted are depicted in Table 9.

Table 9: Details of the paper presented in the Journal “Sensors and Actuators B”.

. S d Actuat B:
Journal Title ensors an ctuators Impact Factor 5.401
Chemical Journal
Targeted . .
. Biosensor experts and Electrochemical sensor experts
audience
. Electrochemical biosensor platform for TNF-a cytokines detection in both artificial
Paper title . .
and human saliva: Heart failure
Volume 251 | Date | 2017

Paper published in the Journal of Macromolecular Science, Part A: Pure and Applied Chemistry

A paper describing polypirrole/silicon nitride materials for electrochemical sensors has been published
in Journal of Macromolecular Science, Part A: Pure and Applied Chemistry (Figure 9) [6]. In this
research, an efficient fabrication process of conducting polypyrrole (PPy)/silicon nitride hybrid
materials was developed in order to be employed as transducers in electrochemical sensors used in
environmental and biomedical applications. The electrical properties of the prepared substrates were
characterized by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS), with

good results.
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JOURNAL OF MACROMOLECULAR SCIENCE, PART A: PURE AND APPLIED CHEMISTRY
2017, VOL 54, NO. 11,827-834
https://doi.org/10.1080/10601325.2017.1336728

Taylor & Francis
Taylor & Francis Group

W) Check for updates

Fabrication of new polypyrrole/silicon nitride hybrid materials for potential
applications in electrochemical sensors: Synthesis and characterization

Faiza Nessark®®, Ahmed Zouaoui, Alvaro Garcia-Cruz?, Anne Bonhomme?, Michael Lee?, Belkacem Nessark®,
Nadia Zine?, Pedro Marote®, Joan Bausells®, Abdoullatif Baraket® and Abdelhamid Errachid?

®Institut des Sciences Analytigues (ISA), Université Claude Bemard Lyon 1, 5 rue de la Doua, Villeurbanne cedex, France; PLaboratoire d'Electrochimie et
Matériaux (LEM), Université Ferhat Abbas Sétif 1, Algeria; “Laboratoire de Croissance et Caractérisation de Nouveaux Semi-conducteurs (LCCNS),
Université Ferhat Abbas Sétif 1, Algeria; “Centro Nacional de Microelectrénica (CNM), Universidad Autonoma de Barcelona, Bellaterra, Spain

ABSTRACT

In this research, an efficient fabrication process of conducting polypyrrole (PPy)/silicon nitride (SizNJ)
hybrid materials were developed in order to be employed as transducers in electrochemical sensors used
in various environmental and biomedical applications. The fabrication process was assisted by oxidative
polymerization of pyrrole (Py) monomer on the surface of Si/SiO./SizN, substrate in presence of FeCl; as
oxidant. To improve the adhesion of PPy layer to SisNs surface, a pyrrole-silane (SPy) was chemically
bonded through silanization process onto the Si;N, surface before deposition of PPy layer. After Py
polymerization, Si/SiO,/SisN,-(SPy-PPy) substrate was formed. The influence of SPy concentration and
temperature of silanization process on chemical composition and surface morphology of the prepared Si/
Si04/SizN 4 (SPy-PPy) substrates was studied by FTIR and SEM. In addition, the electrical properties of the
prepared substrates were characterized by cyclic voltammetry (CV) and electrochemical impedance

ARTICLE HISTORY
Received March 2017,
Revised and Accepted
May 2017

KEYWORDS

Silicon nitride; Polypyrrole;
Oxidative polymerization;
Surface characterization;
Cyclic voltammetry;
Electrochemical impedance
spectroscopy

spectroscopy (EIS). It was found that the best silanization reaction conditions to get Si/SiO,/Si;N.a-(SPy-PPy)
substrate with high PPy adhesion and good electrical conductivity were obtained by using SPy at low
concentration (43 mM) at 90°C. These promising findings open the way for fabrication of new hybrid
materials which can be used as transducers in miniaturized sensing devices for various environmental and
biomedical applications.

Figure 9: Paper published in “ Journal of Macromolecular Science, Part A” Journal.

The details of the journal, where the paper was submitted are depicted in Table 10.
Table 10: Details of the paper presented in the Journal “Journal of Macromolecular Science, Part A”.

Journal of Macromolecular

Journal Title | Science, Part A: Pure and | Impact Factor 0.963
Applied Chemistry

Targeted .

> Electrochemical sensor experts

audience

Paper title Fabrication of new polypyrrole/silicon nitride hybrid materials for potential
applications in electrochemical sensors: Synthesis and characterization

Volume 54 | Date | 2017

Paper published in the Biosensors and Bioelectronics Journal

A paper on a miniaturized potentiostat for biosensors has been published in Biosensors and
Bioelectronics (Figure 10) [3]. It reports the development of a miniaturized potentiostat for
electrochemical impedance spectroscopy measurements. The performance of the proposed device
was benchmarked against a commercial impedance analyser by using a biosensor for TNF-a in the 0.2
to 660 ng/mL range, obtaining a strong correlation between the measurements with both
instruments.
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Biosensors and Bioelectronics 100 (2018) 533-540

Contents lists available at ScienceDirect
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A low-cost and miniaturized potentiostat for sensing of biomolecular species @
such as TNF-a by electrochemical impedance spectroscopy

Raquel Pruna™", Francisco Palacio®, Abdoullatif Baraket”, Nadia Zine”, Angelos Streklas®,
Joan Bausells®, Abdelhamid Errachid”, Manel Lépez®
* Departament d'Enginyeries, Elecmimica, Universitat de Borcelona, C/ Mard § Franqués 1, E-08028 Barcelona, Spain

¥ Universitd de Lyon 1, Instinu des Sciences Anabyriques, UMR 5280, CNRS, 5 rue de la Doua, F-69100 Villewhanne, France
* Instinun de Microelecondnica de Barcelma, IMB-CNM (CSIC), Campus UAB, E-08193 Bellaterna, Spain

ARTICLE INFO ABSTRACT

Keywonds: Miniaturizing potentiostats, keeping their cost low and yet preserving full measurement characteristics (e.g.
Miniaturized patentiostat bandwidth, determination of capacitive/inductive contribution to sensor’s impedance and parallel screening) is
Cytokines still an unresolved challenge in bioelectronics. In this work, the combination of simple analogue circuitry to-
Point-of-care

gether with powerful microcontrollers and a digital filter implementation is presented as an alternative to
Biozensors platfom

Hectmchemical impedance spectroscopy
Immunobicsensor

complex and incomplete architectures reported in the littrature. A low-cost acquisition electronic system fully
integrated with a biosensors platform containing eight gold working microelectrodes and integrated reference
and counter electrodes was developed and validated. The manufacturing cost of the prototype was kept below
300 USD. The performance of the proposed device was benchmarked against a commercial impedance analyzer
through the elecrochemical analysis of a highly sensitive biosensor for the detection of tumor necrosis factor a
(TMF-a) within the randomly chosen range of 266 pg/mL to 666 ng/ml in physiological medium (PBS). A strong
correlation between the outputs of both devices was found in a critical range of frequencies (1-10 Hz), and
several TNF-a cytokine concentrations were properly diseriminated. These results are very promising for the
development of low-cost, portable and minaturized electrochemical systems for point-of-care and environ-
mental diagnosis,

Figure 10: Paper published in “Biosensors and Bioelectronics” Journal.

The details of the journal, where the paper was submitted are depicted in Table 11.
Table 11: Details of the paper presented in the Journal “Biosensors and Bioelectronics”.

Journal Title | Biosensors and Bioelectronics ‘ Impact Factor | 7.780
Targeted . .
. Biosensors experts and Electrochemical sensor experts
audience
. A low-cost and miniaturized potentiostat for sensing of biomolecular species
Paper title

such as TNF-a by electrochemical impedance spectroscopy
Volume 100 | Date 2018

Paper accepted for publication in the Analytical Letters Journal

A paper on a biosensor for the detection of amphetamine has been accepted for publication in

Analytical Letters (Figure 11) [7]. The paper reports ion-selective microelectrodes fabricated by using a
polypyrrole film doped with the cosine anion as the internal solid contact layer between the polymeric
(PVC-based) sensitive membrane and a platinum working microelectrode. The sensor was highly
sensitive to amphetamine, with a linear response within the concentration range from 107 to 1073 M,
with a slope of 53 mV/decade and a limit of detection of 4-10™> M.
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ANALYTICAL LETTERS Taylor & Francis
https://doi.org/10.1080/00032719.2017.1326053 Taylor & Francis Group
POTENTIOMETRY W) Check for updates

Sensitive Potentiometric Determination of Amphetamine
with an All-Solid-State Micro lon-Selective Electrode

J. Gallardo-Gonzalez?, A. Baraket?, A. Bonhomme?®, N. Zine®, M. Sigaud?, J. Bausells®, and
A. Errachid?

*Institute of Analytical Sciences, CNRS, University of Lyon, Villeurbanne, France; ®Barcelona Microelectronics
Institute IMB-CNM (CSIC), Bellaterra, Spain

ABSTRACT ARTICLE HISTORY
The development of amphetamine-ion-selective microelectrodes Received 31 December 2016
using electrochemical polymerization and microfabrication technolo- Accepted 29 April 2017

gies is reported in this study. The microelectrodes include polypyrrole KEYWORDS
ﬁlmsl electrochemically polymerized and d_oped with cosane anion Amphetamine; cyclic
([3,3"-Co(1,2-C,BgH,;).17) as the internal solid contact layer between voltammetry (CV);

the polymeric sensitive membrane and platinum working microelec- electrochemical impedance
trode. Several poly(vinyl chloride}-type membranes with different spectroscopy (EIS); micro
compositions of plasticizers/ionophore were drop casted on the ion-selective electrode (pISE)

conducting polymer layer, polypyrrole[3,3'-Co(1,2-C;BgH,;);]. Poten-
tiometric measurements were performed to calibrate the response of
the developed chemical sensors. The sensor was highly sensitive to
amphetamine using a membrane composition of 26 wt% poly (vinyl
chloride), 63 wt% di-butyl phthalate, 6 wtl sodium tetraphenylborate,
and 5 wt% dibenzo-18-crown 6-ether. A high and linear response was
demonstrated within the concentration range from 10~ to 10~ M
with a slope of 53 mV/decade and a limit of detection of 4 x 107> M. A
Reilley diagram shows that the sensor signal is stable for a working pH
between 1.50 and 8.50. The chemical sensor was highly selective to
amphetamine when compared to other interfering ions and
compounds including K, Na™, NH{, D,l-phenylalanine, caffeine,
(+)-epinephrine bitartrate salt, and N-formylamphetamine using the
fixed interference method with coefficients of selectivity (Log KE"‘}
from —1.40 to —-1.15.

Figure 11: Paper accepted for publication in “Analytical Letters” Journal.
The details of the journal, where the paper was submitted are depicted in Table 12.

Table 12: Details of the paper presented in the Journal “Analytical Letters”.

Journal Title | Analytical Letters Impact Factor 1.150
Targeted . .
’? Biosensors experts and Electrochemical sensor experts
audience
. Sensitive potentiometric determination of amphetamine with an all-solid-state
Paper title

micro ion-selective electrode
Volume In press | Date | 2018

Conference paper presented in the SPIE Microtechnologies 2017 Conference

A paper was presented at the SPIE Microtechnologies Conference (Figure 12) [8]. It presents sensors to

detect specific biomarkers in human saliva related with heart failure problems, such as interleukin (IL)
and Tumour Necrosis Factor-a (TNF-a). The biosensors are based on three metal layer microelectrodes
(UE) of gold, platinum and silver deposited over an oxidized silicon substrate. The surface of the golden
electrodes was bio-functionalized electrochemically with monoclonal antibodies by cyclic voltammetry
with 4- carboxymethyl aryl diazonium (CMA) molecules. Measurements were based on
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Electrochemical Impedance Spectroscopy. A high sensitivity for the detection of TNF- a is shown and
good selectivity towards other cytokines such as IL-1 and IL-8.

Development of biosensors for non-invasive measurements of heart
failure biomarkers in saliva

Albert Aleacer *, Angelos Streklas *, Abdoullatif Baraket °, Nadia Zine®,
Abdelhamid Errachid °. Joan Bausells *

* Instituto de Microelectrénica de Bareelona, IMB-CNM (CSIC), Campus UAB,
08193, Bellaterra. Spain
® Université Claude Bernard Lyon 1. Institut de Sciences Analytiques (ISA)-UMR 5280,
5 rue de la Doua, 69100 Villeurbanne France

ABSTRACT

Biomedical eugmeermz research today is focused on non-invasive techniques for detection of biomarkers related to
specific health 1ssues *. Three metal layer microelectrode (uE) sensors have beeu mmplemented to detect specific
biomarkers which can be found in human saliva related with heart failure problems * such as interlevkin and Tumore
Necrosis Factor- o (TNF-a). and used as highly sensitive saliva sensors. We designed specialized pEs combining
different technologies for multiple measurements aiming to a lab-on-a-chip future mtegration. Measurements are based
to basic principles of Cyclic Voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS) . Thus. certain
planar technology was used mvolving three metal layers of gold. platinum and silver deposited over an oxidized silicon
substrate following standard cleantoom procedures of lithography for the definition of pEs. sputtering physical vapor
deposition (PVD) for gold. evaporation PVD for silver and platinum. and plasma enhanced chemical vapor deposition
(PECVD) for passivation layer of silicon nitride

Keywords: saliva sensor. electronic tongue. non-mvasive. biomedical. heart failure, biomarkers, biosensors

Figure 12: Paper presented in SPIE Microtechnologies 2017.

1. INTRODUCTION

The details of the confBrEfCE - WhHETE LIE RaHEr WAas SO bMttET yre Hepieted i Table 13.

More specifically, regarding to heart fadu{e most of biosensor research 1s based on selective detection of bmmarkﬂs

Tabl L34 DT A e halE AR R B SPIR VUCH SRR Sligiadi201 7.

n Conventional techmics such as medical mmgmg o blgod Testing. Saliva analysis 15 Specificalh: duE 1o 15 fon-
Conference title | SRif=V| I@F@‘t@@hm gtesbmmaﬁt Sensors) Actuatorsyand MEMS VI
H J g Euzyme -linked immunosorbent assay (ELISA) is acm:tlly the standard melhﬂrl for
Location B o , "
Date WV’ZON
We develop low-power room-temperature saliva sensors for the detection of health failure biomarkers 1n saliva, based on
Theme of the C‘V aud EIS m asurem: ms ip sensphive layers of, a funcfionalised polymer maters desigp  specialjzed
s @tﬁusen_% Jubl) éﬂﬁ Htca Bphtea tiens
conference mleemuon Wehue used plau"u technology mvolving th:er metal layers of gold. platnum and silver deposited over an
; dized-sili follawi dard-el itk for the-d £ the microal d
£ phy-p
Targeted
s Sensor experts
audience

Conference paper presented in the Eurosensors 2017 Conference

A paper was presented at the Eurosensors Conference (Figure 13) [9]. It presents a highly sensitive
ion-selective microelectrode for the detection of amphetamine. A novel ion-par complex based on the

metallocarborane, cobalt bis(dicarbollide) anion coupled to amphetamonium cation was prepared as

the active site for amphetamine recognition, and it was incorporated to a PVC-type sensitive
membrane. It provided a quick response within the range 10° M to 10 M of amphetamine
concentration, with a limit of detection of 12 uM and a slope of 60.1 mV/decade. It has been
published as Proceedings 2017, 1, 481.
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Proceedings
A Highly Sensitive Potentiometric Amphetamine
Microsensor Based on All-Solid-State Membrane

Using a New lon-Par Complex,
[3,3’-Co(1,2-closo-C2BsH11)2]- CoHisNH*t

J. Gallardo-Gonzalez **, A. Baraket %, 5. Boudjaoui?, Y. Clément !, A, Alcacer? A. Streklas 2,
F. Teixidor 3, N. Zine %, J. Bausells ?and A. Errachid *

! Institut des Sciences Analytiques, Université de Lyon, UMR 5280, CINRS, Université de Lyon 1, ENS Lyon-5,
5 rue de la Doua, 69100 Villeurbanme, France; Abdoullatif BARAKETEisa-Iyon.fr (AB.);
selim boudjaoui@isa-lyon fr (5.B.); yohann clement@univ-lyonl fr (Y.C)); nadia zine@univ-lyonl fr (N.Z);
abdelhamid errachid-el-salhi@univ-lyonl fr (AE.)
* Bacelona Microelectronics Institute IMB-CNM (CSIC), 08193 Bellaterra, Spain;
albert. alcacer@mb-cnm.csic.es (A.A.); angelos sireklas@imb-cnm. csices (AS.);
jean bausells@imb-cnm.csices (J.B.)
3 Institut de Ciencia de Materials de Barcelona (CSIC), Campus de 1a U.A B, 08193 Bellaterra, Spain;
tebddor@icmab.es
Correspondence: juan.gallardo-gonzalez@univ-Iyonl fr; Tel: +33-763-165-664
t Presented at the Eurosensors 2017 Conference, Paris, France, 36 September 2017.

*

Published: 7 August 2017

Abstract: In the preJ:eix&Uﬂ%&?’é R%ﬂs)r d@ﬁ%ﬁﬁ%%-ﬁ%l@&f&sﬁm%&@% for the detection of

amphetamine is presented. For this purpose, a novel ion-par complex based on the

The detailswefithexdonferencepwhereatiepbpidsyassubmittiéd dre(epittet: irTabletikd  to

amphetamonium cation has been prepared as the active site for amphetamine recognition. The

prepared ion-p3 BRETAC DRI SUFRETLTE DR o Cell B EXFSSERE gREAg e It was then

. O O & 0L 110, ECTOUE PIeVIOUELY IIIOTUIIed Wildl a4 SOIJ.C‘I. COTract 13\'91 oL

conference tltle E}Fﬂéﬁcgsaernn 1! dnwb:le'e}mirfn crnpnv ha r"n‘ni'ir"laﬂ excellent and ouack n:lc;'hm o
n ; o T T
Location nPaliss B 888 M of amphetamine concentration, a limit of detection of 12 uM and a
Date 1September 201vhs also found to be highly selective toward some potential
Theme of the rompounds when compared to amphetamine.
Technology and applications of sensors, including biosensors
conference manhatamine ton-nar comnlay matallacarhorang
Targeted y o .
" Sensor experts

audience

Conference paper presented in the Eurosensors 2017 Conference

A paper was presented at the Eurosensors Conference (Figure 14) [9]. It presents the development of
a miniaturized potentiostat for Lab-on-Chip measurements. The system was coupled to an array of
miniaturized gold working electrodes to perform complex impedance analyses for TNF-a cytokine
detection. It has been published as Proceedings 2017, 1, 604.
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Proceedings

Low-Cost Impedance Measurements for
Lab-on-a-Chip Architectures: Towards Potentiostat
Miniaturization *

Raquel Pruna **, Francisco Palacio !, Abdoullatif Baraket ?, Joan Bausells 3,
Abdelhamid Errachid 2 and Manel Lopez !

1

Departament d'Enginyeries: Electronica, Universitat de Barcelona, E-08028 Barcelona, Spain;

fpalacio@el.ub.edu (F.P.); mlopez@el.ub.edu (M.L.)

Institut des Sciences Analytiques, Université de Lyon 1, UMR 5280, CNRS, F-69100 Villeurbanne, France;

a.baraket@gmail.com (A.B.); abdelhamid.errachid-el-salhi@univ-lyonl.fr (A.E.)

* Centro Nacional de Microelectrénica (IMB-CSIC), Campus UAB, Bellaterra, 08193 Barcelona, Spain;
joan.bausells@imb-cnm.csic.es

* Correspondence: rpruna@el.ub.edu; Tel.: +34-934-039-876

t Presented at the Eurosensors 2017 Conference, Paris, France, 3—6 September 2017.

Published: 28 August 2017

Figure 14: Paper presented in Eurosensors 2017.

The details of the conference, where the paper was submitted are depicted in Table 15.

Table 15: Details of the paper presented in Eurosensors 2017.

Conference title | 31% Eurosensors, 2017
Location Paris, France
Date September 2017
Theme of the
Technology and applications of sensors, including biosensors

Conference &Y PP ! &
T

a"?eted Sensor experts
audience
UMOR

ournal paper presented in the Journal of Breath Research

A paper entitled “Applied upper-airway resistance instantly affects breath components: a unique
insight into pulmonary medicine” has been accepted in the Journal of Breath Research (Figure 15)
[10]. In this paper, it is demonstrated that modifications of the upper airway resistance affected the
breath biomarker profiles. VOC Profiles mirror conditions in the airways/ lungs. These findings are very
important for implication of sensor technology in HF patients.
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10P Publishing
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RECEIVED
11 July 2017

REVISED
15 September 2017

ACCEFTED FOR PUBLICATION
19 September 2017

PUBLISHED
1 November 2017

I. Breath Bes. 11 (2017) 047108 https:/ /doi.org/10.1088/1752-7163 /aaBd&6

Journal of Breath Research

PAPER

Applied upper-airway resistance instantly affects breath
components: a unique insight into pulmonary medicine

Pritam Sukul ©, Jochen K Schubert, Svend Kamysek, Phillip Trefz and Wolfram Miekisch

Rostock Medical Breath Research Analytics and Technologies (ROMBAT), Dept. of Anaesthesiology and Intensive Care, University
Medicine Rostock, Schillingallee 35, D-18057 Rostock, Germany

E-mail: pritam.sukul@uni-rostock.de

Keywords: respiratory physiology, airway resistance, breath biomarker, VOCs, ventilation and hemodynamics, sampling mouthpiece
diameter, standardisation

Supplementary material for this article is available online

Figure 15: Paper presented in the Journal of Breath Research.

The details of the conference, where the paper was submitted are depicted in Table 16.

Table 16: Details of the paper presented in the Journal of Breath Research.

Journal
Title Journal of Breath Research Impact Factor 4.31
i
Targeted Breath researchers, medical professionals, analytical chemists and applied
audience biotechnologists
. Applied upper-airway resistance instantly affects breath components: a unique insight
Paper title | .
into pulmonary medicine
Volume |11 | Date | 1 November 2017
UNIPI

ournal paper accepted in Microchemical Journal

A paper entitled “The effect of sampling procedures on the urate and lactate concentration in oral
fluid” has been accepted to be published in the Microchemical Journal (Figure 16) [11] . This paper was
aimed at assessing a reliable sampling protocol for the non-invasive determination of urate and lactate
in oral fluid samples by comparing the composition of non-stimulated and stimulated oral fluid
samples collected at different frequencies of stimulation (50, 100 and 150 min™?).
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Microchemical Joumal 136 (2018) 255-262

Contents lists available at ScienceDirect

Microchemical Journal

journal homepage: www .elsevier.com/locate/microc

The effect of sampling procedures on the urate and lactate concentration @ CrossMark
in oral fluid

T. Lomonaco **, S. Ghimenti 2, D. Biagini 2, E. Bramanti ®, M. Onor®, F.G. Bellagambi 2,
R. Fuoco ?, F. Di Francesco *¢
* Department of Chemistry and Industrial Chemistry, University of Pisa, Psa, laly

" Institute of Chemistry of Organometalic Compounds, CNR, Pisa Italy
 Institute of Clinical Physiology, CNR, Pisa, ltaly

ARTICLE INFO ABSTRACT

ﬁritf_e history: This study was aimed at evaluating the influence of sampling procedure on the determination of uric acid and
Received 3 October 2016 lactate in oral fluid. Samples of non-stimulated and stimulated oral fluid were collected from 22 healthy volun-

Recelved In revised form 24 Febmary 2017 teers. Different frequencies of stimulation were obtained by moving a polyester swab within the mouth at 50,
Accepted 28 February 2017

N ; 100 and 150 min~". Three oral fluid samples were consecutively collected from a subgroup of 5 volunteers at

Available online 1 March 2017 . . . 1 _—
a constant stimulation (70 min~ ") and at a self-selected pace to evaluate reproducibility.

Keywords: The urate concentration in oral fluid decreased with the increase of the stimulation and oral fluid flow rate
Oral fluid (r = — 098, p=0.01). Also, the lactate concentration was much (p = 0.03, two tailed) lower in samples collect-
Sampling procedures ed under a mild stimulation (50 min~") than in samples collected without stimulation, Nevertheless, it progres-
Uric acid sively increased at higher stimulations (100 and 150 min~"). A transfer process mediated by membrane carriers
Lactate (i.e. urate transporter and organic anion transporters) was hypothesized to explain these results. Finally, a re-
Fﬁw rate duced variability (relative standard deviation below 10%) of the urate concentration was obtained when oral
P

fluid was sampled at constant stimulation {70 min— "), but it increased remarkably (20-50%) in case of sampling
at self-selected pace. Nevertheless, expressing the salivary excretion of urate as a function of time (pgmin=—1), the
variability of sampling procedure at self-selected pace was lower than 15%

© 2017 Elsevier BV, All rights reserved,

Figure 16: Paper entitled “The effect of sampling procedures on the urate and lactate concentration in oral
fluid”.

The details of the conference, where the paper was submitted are depicted in Table 17.

Table 17: Details of the paper entitled “The effect of sampling procedures on the urate and lactate concentration

in oral fluid”.

Journal . .

. Microchemical Journal Impact Factor 3.034
Title
Targeted , . I . . .

. Chemistry specialized scientific community, analytical chemistry researchers

audience
Paper title | The effect of sampling procedures on the urate and lactate concentration in oral fluid
Volume | 136 | Date | 2018

ournal paper accepted in Journal of Breath Research

A paper entitled “Determination of volatile organic compounds in exhaled breath of heart failure
patients by needle trap micro-extraction coupled with gas chromatography-tandem mass
spectrometry” has been published in the Journal of Breath Research (Figure 17) [10]. This paper
reports a validated analytical procedure for the determination of volatile organic compounds (e.g.
ketones, aldehydes, alcohols, hydrocarbons, sulfur and aromatic compounds) in exhaled breath
samples by needle trap micro-extraction followed by gas chromatography-tandem mass spectrometry
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analysis. The procedure was successfully applied to the analysis of exhaled breath samples collected

from forty patients suffering from heart failure during their hospitalization. Results highlighted the

potential role of breath acetone for monitoring the health conditions of these patients.

HOP Publishing
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J. Breath Res 11 (2017) 047110 https:/ /doiorg /10.1088,/1752-7163 /aa%4¢7

Journal of Breath Research

PAPER

Determination of volatile organic compounds in exhaled breath of
heart failure patients by needle trap micro-extraction coupled with
gas chromatography-tandem mass spectrometry

D Biagini', T Lomonaco' ©, SGhimenti', FG Bellagambi', M Onor’, M C Scali’, V Barletta’ &, M Marzilli’,
P Salvo®, M G Trivella’, R Fuoco' and F Di Francesco'

Department of Che mistry and Industrial Chemistry, University of Pisa, Pisa, Italy
* Institute of Chemistry of Organometallic Compounds, CNR, Pisa, Italy
* DepartmentofSurgical, Medical and Molecular Pathology and Critical Care Medi cine, University o f Pisa, Pisa, Italy
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Supplementary material for this article is available online

Figure 17: Paper entitled “Determination of volatile organic compounds in exhaled breath of heart failure

patients by needle trap micro-extraction coupled with gas chromatography-tandem mass spectrometry”.

The details of the conference, where the paper was submitted are depicted in Table 18.

Table 18: Details of the paper presented in the Journal of Breath Research.

Journal
Titl Journal of Breath Research Impact Factor 4.318
itle
Targeted . . . . . N .
i Experts in breath analysis, analytical chemistry specialized scientific community
audience

Determination of volatile organic compounds in exhaled breath of heart failure patients
Paper title | by needle trap micro-extraction coupled with gas chromatography-tandem mass
spectrometry

Volume doi: 10.1088/1752-7163/aa9%4e7 ‘ Date 2017

2.2.2 HEARTEN Poster presentations

UCBL

Poster presented in the International Conference on Micro and Nano Engineering 2017 (1)

HEARTEN presented a Plenary Talk entitled “BioLab-on-chip based on Impedance Spectroscopy for

Heart failure application

“

at the 10th International Workshop on Impedance Spectroscopy,

September 26-29 2017 (Figure 18). This is a joint activity with CSIC.
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@ 10th International Workshop on Impedance Spectroscopy, September 26-

TECHNISCHE UNIVERSITAT 29 2017

CHEMNITZ

TU Chemnitz— Mess- und Sensortechnik— WIS — Program Overview— Program WIS

WIS 2017 .ﬂéﬂ Tss I’ IM Cl:gﬁtsr @

. lEEE SECTION TECHNISCHE UNIVERSITAT
CHEMNITZ

. [}
Program Overview -

Program IWIS
Program ASIS Sl—
Advanced School on IS IWIS Program

Submission and Registration

Thursday, September 28th, 2017

08:00 — 08:30 | Registration (Registration Desk)

Circle of Experts

Travel and Venue

08:30 — 06:45 | Opening Chair: Clfa Kanoun

Books Plenary Talk 1:
History 08-45 — 0930 | BioLab-on-chip based on Impedance Spectroscopy for Heart failure application.
Contact Prof. Errachid Abdelhamid

Figure 18: Poster in the Micro and Nano Engineering Conference.
The details of the conference, where the poster was presented are depicted in Table 19.

Table 19: Details of the plenary talk presented in the Micro and NanoEngineering 2017.

Event 10%™ International workshop on impedance spectroscopy

Location Chemnitz, Germany

Date 26-29 September, 2017

Poster title BioLab-on-chip based on Impedance Spectroscopy for Heart failure application
Targeted Engineers and scientists in the fabrication and application of micro- and nano
audience devices using impedance spectroscopy as a tool for electrochemical

characterization.

Poster presented at the Eurosensors Conference

HEARTEN presented a poster entitled “A highly selective potentiometric amphetamine microsensor
based on all-solid-state membrane using a new ion-pair complex [CsHi13NH]*[3,3-Co(1,2-closo-
C,BgH11)2]™“ at the Eurosensors Conference (Figure 19). It is the premium European conference on
sensors and biosensors and its applications. This is a joint activity with CSIC.
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Figure 19: Poster presented in Eurosensors 2017.
The details of the conference, where the paper was submitted are depicted in Table 20.

Table 20: Details of the poster presented in Eurosensors 2017.
Conference title | 31% Eurosensors, 2017

Location Paris, France
Date September 2017
Theme of the
Technology and applications of sensors, including biosensors

Conference &Y PP ! g
T

ar,cfeted Sensor experts
audience

Poster presented in the International Conference on Micro and Nano Engineering 2017

HEARTEN presented two posters. The first one entitled “Acetone sensor based on electro-addressing
chitosan/zeolites Ag-ZSM5 onto gold pIDEs : Application to diagnostic of heart failure “ and the second
one entitled “PDMS-based microfluidic Lab-on-a-chip for real-time electrochemical measurements in
sewage applications” at the Conference Micro and NanoEngineering 2017 (Figure 20, Figure 21). It is
the premium European conference on micro and nanofabrication and its applications.
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Figure 20: Poster in the Micro and Nano Engineering Conference.
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Figure 21: Poster in the Micro and Nano Engineering Conference.

The details of the conference, where the posters were presented are depicted in Table 21.

Table 21: Details of the poster presented in the Micro and NanoEngineering 2017.

Event Micro and NanoEngineering 2017
Location Braga, Portugal
Date 18-22 September, 2016
. Acetone sensor based on electro-addressing chitosan/zeolites Ag-ZSM5 onto
Poster title

gold WUIDEs : Application to diagnostic of heart failure

Targeted
audience

Engineers and scientists expert in the fabrication and application of micro- and
nanostructures and devices. This includes applications in life sciences and
medicine.

UNIPI

Poster presented at the XXVI National Congress of the Italian Chemical Society event
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UNIPI presented a poster entitled “Determination of volatile organic compounds in exhaled breath of
heart failure patients by Needle Trap Micro-Extraction coupled to GC-MS/MS” at the XXVI National
Congress of the Italian Chemical Society (Figure 22) [13].
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Figure 22: Poster in the XXVI National Congress of the Italian Chemical Society.
The details of the conference, where the poster was presented are depicted in Table 22.

Table 22: Details of the poster presented in the XXVI National Congress of the Italian Chemical Society.

Conference Title XXVI National Congress of the Italian Chemical Society
Location Paestum (SA), ltaly
Date September, 2017
Theme of the .
Chemistry

Conference
Targeted . . N . . .

. Chemistry specialized scientific community, analytical chemistry researchers
audience

Poster presented at the EuroEcho-Imaging 2017 Congress
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Monitoring patients with acute heart failure:
alternative non-invasive methods

V. Barletta, L. Gargani, A. D'Agostino, MC. Scali, F. Bellagambi, T. Lomonaco, S. Ghimenti, R. Fuoco, M. Marzilli

Azienda Ospedaliero-Universitaria Pisana - Pisa, ltaly

Institute of Clinical Physiclogy, CNR - Pisa, Italy

Department of CF yand

BACKGROUND: B-lines evaluated by lung
uvltrasound are a simple tool used to evalvate
pulmonary  congestion. Exhaled acetone
concentration (EAC) reflects altered blood
ketone body metabolism and increased acetone
exhaust because of pulmonary congestion in

METHODS: we prospectively enrolled 16 non-
ischemic AHF with New York Heart Asscciation
(NYHA) class = Ill admitted to our Cardiology Care
Unit. Exhaled breath was collected at admission
(To), after 48 hours (T1) and at discharge (T2) and
analysis was performed by gas chromatography-

UNIPI presented a poster entitled “Monitoring patients with acute heart failure: alternative non-
invasive methods” at the EuroEcho-Imaging 2017 Congress (Figure 23) [14].

X

HEARTE
v

[ Chemistry - University of Pisa, italy

RESULTS: mean age was 7o years (range 46 - Bg),
31% were fernale, Mean B-lines number at To was
51 == 1g with a statistically significant reduction at
Ta (29 £ 13) and Tz (23 £ 13; p < 0.001 between
groups). The strongest correlation between these
changes was observed at T1, when a substantial

ultrasound  was

clinical stability of the patients is achieved (r =
0.714, P < 0.001).

heart  failure  (HF). studies mass  spectrometry.  Lung
demonstrated a positive correlation of EAC and performed at the same time points using a
hemodynamic parameters in patients with non-
ischemic chronic HF. However, to date, the
possible relationship between EAC anc B-lines in
unknown.

Previous

portable device with a cardiac probe.

Aim of our study was to assess the correlation
b 1 this two r
trend of both parameters during hospitalization
for acute decompensation of heart failure (AHF).

markers and the

Acetone [pavb]

1000} = B
-s000k . ok
o I g 1 3
Time

CONCLUSION: in patients with AHF, EAC and B-lines have been previously reported as markers associated with plasma BNP
levels and NYHA class, separately. Our preliminary data suggest that both EAC and B-lines dynamically change during AHF
admission, and their values are significantly correlated. These two non-invasive markers may be integrated to existing tools to
monitor AHF patients during hospitalization.

Funding Acknowledg projects PHC 643694 HEARTEN

Figure 23: Poster presented in the EuroEcho-Imaging 2017 congress.

The details of the conference, where the poster was presented are depicted in Table 23.

Table 23: : Details of the poster presented in the EuroEcho-Imaging 2017 event.

Conference Title EuroEcho-Imaging 2017
Location Lisbon, Portugal
Date December, 2017
Theme of the . . . . ) . .
Monitoring patients with acute heart failure: alternative non-invasive methods
Conference
Targeted . I : : L
i Health specialized scientific community, cardiovascular imaging experts
audience
YOURDATA

The activities and results related to HEARTEN project were presented into an innovation fair as oral
presentation and posters [15]. In this event, HEARTEN has been explained to a very relevant audience
(ICT experts, ehealth stakeholders) as well as general public and policy makers.
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Figure 24: Poster in SINNOVA 2017, Sardinian innovation fair

Table 24: Details of the SINNOVA 2017, Sardinian innovation fair.
Conference Title Sinnova 2017, Sardinian innovation fair

Location Cagliari, Italy
Date October, 2017
Theme of the ] .
Innovative solutions

Conference
Targeted

g. Researchers, developers, general public, policy makers
audience

2.2.3 HEARTEN Project presentations

AppArt

AppArt performed a company presentation (Figure 25) to SingularLogic, which included presentation
of the work performed within the frames of HEARTEN project as well as the potential of exploiting the
results of the project. SingularLogic is a leading Greek Software Vendor and one of the largest,
Integrated IT Solutions Group in Greece. Its activities comprise of the development and distribution of
business software applications, design and implementation of Integrated IT Solutions for large
enterprises of the private and public sector, including distribution and support of well-established
international IT products. SingularLogic provides solutions specialized for Healthcare industry such as
hospitals, clinics, medical diagnostic centers etc.

Moreover, SingularLogic is part of a Group of Companies to which a large private Healthcare
organization belong: The Hygeia Group. Hygeia is a private hospital with geographical presence in
Greece and Albania and various specializations. In this context, AppArt presented HEARTEN project to
SingularLogic aiming at finding the right stakeholders that could be interested in utilizing HEARTEN
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results for Healthcare purposes under a business model which would provide value for their
operations. The said presentation took place on October 12t 2017.

g g a " a8 ‘. #®m B Hearten Project Aonsn

[ [ | . l ﬂ ' " [ m European Funding Program Horizon 2020
' ._.l HEARTEN Hearten (mHealth mobile app)
w
. :.. -'-s' - HEARTEN Consortium comprising of 12 members will design, develop
l " T, | and validate an ICT co-operative environment that will enable the Heart
. . -1 . Slngular Loglc Failure (HF) patients to achieve sustainable behavior change regarding
. . .. their adherence and compliance.
. " . . Appart Proposition
AppArt is tightly imvalved inthe
‘ f . Gctober 2017 development of the
. . smartphone application aswell

as the development of the APls

. . . . f A that will enable the
communicationand data

. tranifer betweeen the miHealth

H °FP and the monitoring devices

(sensors).

@l

Figure 25: Presentation in SingularLogic company.

FORTH

HEARTEN Presentation in the IEEE Engineering in Medicine and Biology Society - EMIBC’17

HEARTEN participated in the IEEE Engineering in Medicine and Biology Society - EMBC’17 in Korea (July
2017) [16], where the paper entitled “A Computational Approach for the Estimation of Heart Failure
Patients Status Using Saliva Biomarkers” was presented (Figure 26). The presentation focused on the
estimation of the severity of heart failure (HF) in terms of New York Heart Association (NYHA) class
and the characterization of the status of the HF patients in acute, progressive or stable condition
through the employment of feature selection and classification techniques on a dataset of 29 patients.

i

Figure 26: Presentation in the IEEE Engineering in Medicine and Biology Society (EMBC 2017).
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HEARTEN Presentation in the National University Health System (NUHS)

HEARTEN presented the objective and current progress of HEARTEN project in the National University
Health System (NUHS) in Singapore (September 2017) (Figure 27) [17]. FORTH had the opportunity to
meet and discuss with University officials and Bioengineering scientists and spread the concept of
mHealth monitoring and management for HF achieved by the adoption of HEARTEN platform.

__Management of Heart Failure
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Figure 27: Presentation in the National University Health System (NUHS).

HEARTEN Presentation in the Taishan International Forum on Healthcare Technologies, Robots and

Artificial Intelligence

FORTH had an invited talk on smart healthcare technologies in the Taishan International Forum on
Healthcare Technologies, Robots and Artificial Intelligence that was held in China (August 2017)
(Figure 28). In this presentation entitled “Healthcare Tailored to the Patient’s Needs: Use of
Personalized data and Knowledge Extraction for Action” FORTH demonstrated the importance of the
utilisation of personalised data for mHealth monitoring systems and ecosystem creation, focusing on
HF disease.
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Figure 28: Presentation in the Taishan International Forum on Healthcare Technologies, Robots and Artificial
Intelligence.

UMOR
Basic result of the HEARTEN related pilot studies on the effect of physiology and confounding variables
onto breath VOC profiles were presented in international conferences (e.g. respiration physicians/
scientists) and EU meetings as oral presentation [18].

Table 25: Details of the Conference where UMOR oral presentations took place.

Conference Title

European Respiratory Society Congress.

Conference Title

Location Milan, Italy.
Date September, 2017
Theme of the . . . .
Role of respiratory physiology on real-time breath-gas analysis

Conference
Targeted

?f Medics and scientist from respiratory medicine and research
audience

Inno-INDIGO-NCD-CAPomics project Kick-off meeting.

Location Madeira, Portugal
Date September, 2017
Theme of the . o .
Potential confounders in clinical breath-gas analysis!!
Conference
Targeted
g. Analytical and bio-analytical scientist from EU and India
audience
UNIPI

HEARTEN Presentation in the National cardiology meeting
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UNIPI had a talk on sensors and ICT technologies in the annual national cardiology meeting that was
held in Milan, Italy (25-28 September 2017) (Figure 29). In this presentation entitled “Sensoristica e ICT

al servizio della medicina” UNIPI illustrated the advantages represented by the application of new
sensor-based technologies for m-Health monitoring systems, focusing on HF patients.

@ Hearten

( A co-operative mHealth environment targeting adherence and
management of patients suffering from Heart Failure

m
cycles
HEARTEN

w .
www.hearten.cu Benefici

Che cos’e HEARTEN + Monitoraggio a domicilio
I confrolli tradizionali, che richiedono visite
ospedaliere, sono sostiiti da misurazioni a
casa mediante luso di biosensor per
Fanalisi del respiro ¢ della saliva, insieme

+ Meno visite ospedaliere

* Autogestione

+ Aiuto e potenziamento del
paziente

con una serie di senson indossabili.

+ Personale medico
informato

1l sistema utilizza un'applicarione che
collega il telefono cellulare ad un centro-
servizi che mecoghe i dati relativi alla
salute.

1 dati possono essere inviati al medico di
famiglia, al fisioterapista, allo psicologo e al
nuirizionista.

Figure 29: Presentation in the National Cardiology meeting.

Details on the presentation in the National Cardiology meeting event are presented in Table 26.

Table 26: Details of the National Cardiology meeting event.

Conference Title National Cardiology meeting

Location Milan (Italy)

Date 25-28 September 2017

Theme of the

Conference Annual national cardiology meeting
Targ.eted Cardiology specialists (about 200 attendees)
audience

BIOAXIS-CAREDOME
BIOAXIS-CAREDOME has focused on disseminating the progress of HEARTEN to the pharmaceutical
industry, banking industry, private insurance industry, telemedicine vendors and healthcare
professionals. BIOAXIS-CAREDOME has developed the necessary presentations which were used to
achieve the dissemination targets during this period. In addition, the HEARTEN project video has been
used in face to face presentations. In summary, the following dissemination activities were conducted
(Appendix Al) (Figure 30):
e Face to face meetings and presentations to 69 international pharmaceutical companies in
Portugal, Greece and Bulgaria.
e Face to face meetings and presentations to two Private Banks in Greece.
e Face to face meetings and presentations to two Private Insurance companies in Greece.
e Face to face meetings and presentations to three telemedicine and medical device vendors in
UK and Greece.
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e Face to face presentation to 37 cardiologists located in Portugal and Greece (Appendix Al).

BioAXIS.

Healthcare

HEARTEN

Figure 30: HEARTEN Presentation slide.

2.2.4 HEARTEN Leaflets

EVERIS

HEARTEN Leaflet distribution at Big/Open/Small Data in Health Event

EVERIS has sponsored the Big/Open/Small Data in Health Event celebrated at the University of
Valencia, Spain, on September 21t which deals with the concern of the use of data in Health in order
to find benefits from the economical and quality of life perspective (Figure 31). Taking the advantage
of the attendance of health professionals, public organizations and academic members to this event,
distribution and communication on the works done under the HEARTEN project have been
disseminated, including leaflet distribution.

Figure 31: HEARTEN Flyer distributed during the event sponsored by EVERIS.

The details of the HEARTEN Presentation at Big/Open/Small Data in Health Event are presented in
Table 27.
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Table 27: Details of Big/Open/Small Data in Health Event.

Event Big/Open/Small Data in Health Event
Location University of Valencia, Valencia, Spain
Date 21 September 2017
Organization IDAL. Universitat de Valéencia.
Targeted

g. Healthcare stakeholders, health IT developers
audience

HEARTEN Flyer #2 Translation into Spanish

EVERIS led the Spanish translation of the new Flyer prepared by FORTH in July 2017 (in collaboration
with SAS and CSIC) (Figure 32, Figure 33).

Mantén fu Proporcionado por:
corazon —
saludable... @y @FORTH _

con HEARTEN

Imagina...

ame .. &  HEARTEN
A 4

Msital BiOAXIS.

Un sistema que puede ayudarte... Healthcare

Tia pl:lt:lfr;u‘lll:l

/"\f‘\ Universitatsmedi .
Que estd centrado en f y en tus A Rostock AEW colaborativa para
-
necesidades. .. .
ayudarte a gestionar la
Que te motiva & segur el YOURDATA @ msuficiencia cardiaca

tratamiento...

Que puede ser utiizado por tu Siguenos

propio médico de familia y por una
red de profesionales....

Que puede proporcionar apoye v
Asesoramiento de manera
continua...

Tmagina la platatorrna HEARTEN

Figure 32: HEARTEN flyer (Spanish version) (1/2).
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desde la comodidad de suv hogar.
Figure 33: HEARTEN flyer (Spanish version) (2/2).

Participation and flyer distribution in the Cardiovascular Symposium for Chronic Heart Failure

Management

FORTH participated in the Cardiovascular Symposium for Chronic Heart Failure Management that was
held in loannina in October (Figure 34). The symposium focused on the clinical perspectives for
managing the HF patients depending on the NYHA class they belong to and the symptoms associated
with their disease. FORTH had the opportunity to approach several HF clinical experts, presented the
capabilities of HEARTEN platform, the opportunities arising for optimizing the disease management
and received important comments and suggestions regarding the experts needs and expectations by
such an mHealth platform. In parallel, the project flyer was distributed in the Symposium participants.
_-quulpwnmXpﬂvtu:

Avenépxeiag 2017 Palleitisinneyin hvonie iy =
in Chronic Heart S :
Management 2017

Figure 34: HEARTEN participation in the Cardiovascular Symposium for Chronic Heart Failure Management.
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Event: “BRIGHT: Researchers’ Night"

UNIPI team presented the HEARTEN research activities and provided the latest version of the flyer in
“BRIGHT: Researchers’ Night” (Figure 35) [19]. This event included open labs, events, and conferences
on Brilliant Researchers Impact on Growth Health and Trust in research.

Figure 35: HEARTEN flyer distribution during “BRIGHT: Researchers’ Night” event.

Details of the “BRIGHT: Researchers’ Night” event are presented in Table 28.

Table 28: Details on the “BRIGHT: Researchers’ Night” event

Event BRIGHT: Researchers’ Night
Location Pisa (PI), Italy
Date 29 September 2017
Targeted

. Researchers
audience

Event: National Cardiology meeting

UNIPI team presented the HEARTEN research activities and provided the latest version of the flyer at
the national Cardiology meeting held in Milan (ltaly) on 25-28 September 2017 (Figure 36).
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CARDIOLOGIA
MILANO

Figure 36: Flyer distribution in the National Cardiology meeting held in Milan.

Details of the National Cardiology meeting held in Milan are presented in Table 29.
Table 29: Details in the National Cardiology meeting held in Milan.

Event Cardiology meeting
Location Milan (Italy)
Date 25-28 September 2017
Targeted
g. Cardiology specialists from ltaly (registered more than 1000 attendees)
audience

Event: National Cardiology meeting

UNIPI team presented the HEARTEN research activities and provided the latest version of the flyer at
the Cardiology meeting held in Milan (Italy) on 24-25 November 2017 (Figure 37).

24/25

Novembre

2017

MILANO "&
HOTEL NHOW

e s

!, NOVARTIS

Figure 37: HEARTEN flyer distribution during the meeting “Harmonize clinical research and practice to improve
prevention and care of cardiovascular disease”.

Details of HEARTEN dissemination in the Cardiology meeting that was held in Milan are presented in
Table 30.
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Table 30: Details on HEARTEN dissemination in the Cardiology meeting./
Event Meeting on cardiovascular disease
Location Milan (Italy)
Date 24-25 November 2017
Targeted Cardiovascular disease specialists from Italy (expected more than 200
audience attendees)
SAS

From August 2017, SAS performed a patient-oriented leaflet distribution in Virgen del Rocio University

Hospital installations (50 leaflets).

YOURDATA

YOURDATA participated in the Sinnova 2017, Sardinian innovation fair, that took place in Cagliari in
October 2017 (Figure 38).

Figure 38: HEARTEN flyer distribution in SINNOVA 2017.

Table 31: SINNOVA 2017.

Event SINNOVA 2017, Sardinian innovation fair
Location Cagliari, Italy
Date October, 2017
Targeted
g. General public, healthcare stakeholders and policy makers
audience

2.2.5 HEARTEN Website
The project website [20] is updated in a regular basis to include the dissemination activities performed

by the HEARTEN consortium. On overview of the statistics tool showing the visits in the website from
M1-M36 is provided in Figure 39.

Number of connections: 697

Users: 521

Pages seen: 1639

Pages per connection: 2.35

Average of time per connection: 1:48
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B New Visitor M Returning Visitor

Figure 39: Overview of the website visits.
2.2.6 Dissemination via the social media
The utilization of project social media (Facebook, twitter, LinkedIn) is vital for enabling the
dissemination and wide communication of project findings and events. Special emphasis has been
given in targeting the HF patients through providing clinical information and guidance in an easy and
understandable way towards educating them on the significance of following the doctor’s suggestions
and assisting them in being adherent in the treatment plan (Figure 40, Figure 41). An overview of the
performed posts from M31-M36 in Facebook and Twitter is presented in the following table.
Table 32: Facebook and Twitter posts (M31-M36).
Number of posts M31-M36

n Facebook 42

g Twitter 43
Facebook, Twitter and LinkedIn

IT) HEARTEN Project

WERRTEN . A A

- £ Uecember 2U arlair - €

Did you know that you can lower your nsk by making some changes to
your lifestyle including doing some things that are easy, simple and even
enjoyable? Have a lock at this article published by the New York Times
concerning 7 Habits for a Healthy Heart!

https:/fwww.nytimes.com/guid...[.../how-to-prevent-heart-disease

7 Habits for a Healthy Heart

It pumps your bloed throughout your body, keeping oxygen. nutrients and waste
flowing to where they need to go to keep you healthy. But how much do you
know about your heart? Here we will cover the most important steps you can. ..

Figure 40: Overview of HEARTEN posts in Facebook.
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mn HEARTEN PROJECT @HeartenH2020 - 15 Ask 2017 ~

a2 IsaHF patient allowed to wine ¥ ?

& Metdppaon omo Ayyhrd

Heart disease: Wine could protect against heart conditions this Chris...

DRINKING wine this Christmas time could lower the risk of dying from
coronary heart disease, and could help to protect the heart, nutritionists h..

express.co.uk

Figure 41: Overview of HEARTEN posts in Twitter.

LinkedIn account has been created to reach people from different fields of expertise including clinical
experts in Cardiology, Bioinformaticians, Researchers of Medical Science, Psychologists, Physicians,
nutritionists, Business Developers, Health Unit experts and Health economy Consultants, etc.
Currently, HEARTEN linkedIn account has 657 connections (Figure 42).

HEARTEN

HEARTEN Project
HEARTEN PROJECT at European projects in Horizon 2020
European projects in Horizon 2020

Greece » 500+ 88

-
657

Your connections
Seeall

Figure 42: Overview of HEARTEN posts in LinkedIn.

2.2.7 Other dissemination activities

EVERIS

HEARTEN Video concerning Integration Tool developed for SAS Pilot

EVERIS prepared a video concerning the works developed to integrate HEARTEN with the Electronic
Health Record used by the Andalusian Health Service (SAS) at the Hospital Virgen del Rocio site. The
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video puts into context the HEARTEN project, its consortium, the location of the Virgen del Rocio
Hospital, which is the the largest medical complex in the Andalusian Public Health System in Spain and
referral hospital for southern Spain serving more the 800.000 patients annually, and the
characteristics of the tool created for the integration of the Patient Health Record with HEARTEN. The
video has a duration of 2 minutes and 36 seconds, with a narration in English and with subtitles both in
English and Spanish.

HEARTEN
b 4

Figure 44 English and Spanish versions of the HEARTEN video showing the integration.

This video was uploaded to the Youtube channel of HEARTEN Project and it is part of the different TV
presentations performed by EVERIS in commercial actions as part of its dissemination and exploitation
strategy.
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Follow-up report

& the state of the integrations.

purte Ity euan Hesteiees: s com

HEARTEN platform - Integrating HEARTEN into the EHR Ecosystem of the Andalusian Health Public System

47 visualizaciones

??ARTEN_PF(E]JE(_]T _ SUSCRIBIRSE 16

HEARTEN project aims to develop and validate a collaborative mHealth application that engages all
actors related 1o the management of Heart Failure dizsease, enzbles the patients 1o achisve

anetainahls hehavinnr rhannaa renardinn their adhearancas and imnrave natisnts’ analite of lifs A=

Figure 45: The video has been uploaded to HEARTEN YouTube channel and is available at
https://youtu.be/Cx6592zLgGA

EVERIS has prepared a set of newsletters consolidating the highlights of news published under the
social network accounts and published under the HEARTEN Website. The newsletters serve a double
purpose: (i). to provide to new followers a summary of publications published from the beginning of
the project. (ii) to increase the number of visitors of the HEARTEN project site (each click to open the
newsletter from Facebook will imply a visit to the Hearten.eu site), which will help to position the site
among top results in Google when users and professionals look for the term “heart failure”.

The following newsletters have been created:

e Newsletter containing relevant publications done in 2015

o Newsletter containing relevant publications done January-June 2016

o Newsletter containing relevant publications done July-Dec 2016

e Newsletter containing relevant publications done Jan-March 2017

o Newsletter containing relevant publications between April-June 2017

o Newsletter containing relevant publications between July-September 2017

e Newsletter containing relevant publications between October-December 2017
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HEARTEN
v

Newsletter Digest

01.07.2017 - 30.09.2017

Figure 46: Newsletter including publications performed between July and September 2017.

All newsletters contain the following sections:
e Cover containing the period that comprises the newsletter
e Index of contents
e For each relevant publication done in HEARTEN social accounts:
0 Title of publication
0 Short summary
0 Link to the full publication

@@ nip facebook.com/permalink phpTstory fiid = 1089481334515400

mn Ao [ HEARTEN 1

LU Newsletter Digest 01.07.2017 - 30.09.2017

s b D) HEARTEN Project 2 totos nuevas
= €

Activity and exercise FORTH is participating in the EMBC canference heid in Koreall|| &

The team had the opportunity to present the new findings related o the
' 7 ig=605460 ¥ 0

Nl Jiveerw facebook com/pe #NpA0M ord=l 2775408 1333 employment of data mining techniues for estimating the HF patient stalus

using saliva biomarkers!it

Did you know the positive effects of mild physical activity in people suffering Heart Failure? This article provides
SOME Tips on this issue! temational Conference of the 1EEE Engineering in Medicine and
z Korea

Ticipating in the EMBC conference held in Korea
hups://vwew, facebook com/permalink phpPstory fide10894513945154008i0=605460052917539

The team ha TS ining techniques

for estimating the HF patient status using saliva biomarkers.

Figure 47: The links published in the newsletter redirect to the original publication in the social networks.

Newsletters are uploaded at the main HEARTEN website and a new indicating this is published under

the project social networks.

Figure 48: Overview of newsletters uploaded in the HEARTEN Website
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HEARTEN Product Sheet

EVERIS has created a product informative sheet (to be used in commercial actions by the company
following the guidelines of other products and services commercialized by EVERIS. This product sheet
will be part of the EVERIS’ portfolio solutions offered to their clients during commercial events, mostly
oriented to Health Public and Private Sector and Pharmaceutical companies. The sheet has been
prepared in Spanish and these commercial actions (Figure 49, Figure 50) are communicated in Spain and
Latin America.

HEARTEN
UNAPLATAFORMA COLABCRATIVA PARA AYUDARTE A
GESTIOMAR LAINSUFICIENCIA CARDACA,

HEARTEN  oumn .
h 4

PROPUESTA DE VALOR

CARACTERISTICAS

L .
“—g El reto del seguimiento I‘ REQUERIMIENTOS PUESTO PROFESIONAL
> de pacientes con IC & - | —

- 2 che HEARTEN 0455,

TEM
DESCRIPCKON DEL PRODUCTO S

MEARTEN

ehCOs

Yy 2 hap
& <hcos TE AYUDAMOS A TOMAR DECISIONES MAS PRECISAS Y CON MENOS
= Smarticy RIESGO EN LA UCI

PROPUESTA DE VALOR

W _ther &
} El desafio de los =~
. f = datos en la UCI
%

CARACTERISTICAS

REQUERIMENTOS DE PUESTO CLIENTE
.
‘g

DESCRIPCION DEL PRODUCTO

#HCOS SmartiC

INTEGRACION DE SOLUCIONES DE BIG DATA ANALYTICS EN LAS UNIDADES. DE CUIDADOS
INTENSIVOS

da apnend:

#hCOS SmartiCU i
daers

Figure 50: An example of a product sheet of a commercial software distributed by Everis.
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BIOAXIS-CAREDOME

BIOAXIS-CAREDOME communicated to its newsletter subscribers the final HEARTEN ICT components
integration on the cloud. The newsletter list included the cooperating Nurse Network of BIOAXIS-
CAREDOME (72 contacts), Executives from pharmaceutical companies (279 contacts) and cooperating
Healthcare Professionals of different medical fields (1.114 contacts) (Figure 51).

Dear [title] [First Name] [Last Name],

As the end of a productive year is coming to an end, we would like to inform you about the
current progress status of the HEARTEN project in which we are actively engaged for the last 36
months.

HEARTEN has received funding from the European Union’s Horizon 2020 research and innovation
programme under grant agreement No 643694 and its scope is to design, develop and validate
an ICT co-operative environment that will enable Heart Failure patients to achieve sustainable
behavior change regarding their adherence, and the ecosystem actors to be engaged and to
improve the patients’ management. HEARTEN targets all stakeholders related to the
management of patients suffering from Heart Failure, including healthcare professionals,
caregivers, healthcare providers, nutritionists, fitness experts and health insurance experts,
towards developing a multi-stakeholder patient centered mHealth ecosystem.

After 36 months of research and development and in cooperation with all involved partners
across Europe, we achieved to develop a patient centric mHealth environment which connects
patients and caregivers with all the involved actors in the process of personalized monitoring and
management of Heart Failure. The mHealth environment is consisted by multi components
(medical devices, sensors, mobile application, web portal, Knowledge Management System and
Dynamic Patient Communication Protocol system) which serve the different needs of each
involved actor and at the same time connects them to achieve the maximum patient compliance
and adherence.

In the next months, the HEARTEN project will evaluate that mHealth environment by conducting
a pilot study in two different sites. We are looking forward for sharing the evaluation results with
you as soon as possible.

For more information about HEARTEN, please visit www.hearten.eu

Figure 51:Overview of the newsletter created by BIOAXIS-CAREDOME.
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Month Company Insutry Country | Audience
M31 Sanofi Pharmaceutical Company Bulgaria 2
M31 Phillips Medical Devices Greece 1
M31 MSD Pharmaceutical Company Greece 3
M31 Novartis Pharmaceutical Company Greece 1
M31 Baxalta Pharmaceutical Company Greece 2
M31 ucCB Pharmaceutical Company Greece 1
M31 Novartis Pharmaceutical Company Greece 2
M31 Novartis Pharmaceutical Company Greece 2
M31 Pharmathen Pharmaceutical Company Greece 2
M31 Novo Nordisk Pharmaceutical Company Greece 3
M31 Abbvie Pharmaceutical Company Greece 2
M31 Pfizer Pharmaceutical Company Greece 2
M31 Janssen Pharmaceutical Company Greece 2
M31 ELPEN Pharmaceutical Company Greece 1
M31 Bayer Pharmaceutical Company Greece 2
M31 Astellas Pharmaceutical Company Greece 2
M31 Novartis Pharmaceutical Company Portugal 1
M31 Sanofi Pharmaceutical Company Portugal 2
M31 Bayer Pharmaceutical Company Portugal 1
M32 Pharmathen Pharmaceutical Company Greece 2
M33 Novartis Pharmaceutical Company Greece 1
M33 GSK Pharmaceutical Company Greece 2
M33 Shire Pharmaceutical Company Greece 2
M33 Novartis Pharmaceutical Company Greece 3
M33 Angelini Pharmaceutical Company Greece 2
M33 Pharmathen Pharmaceutical Company Greece 2
M33 Abbvie Pharmaceutical Company Greece 2
M33 Pfizer Pharmaceutical Company Greece 2
M33 L'Oreal Pharmaceutical Company Greece 1
M33 ITF Pharmaceuticals Pharmaceutical Company Greece 1
M33 Novartis Pharmaceutical Company Portugal 2
M33 Novartis Pharmaceutical Company Portugal 2
M34 uCB Pharmaceutical Company Bulgaria 5
M34 Abbott Pharmaceutical Company Greece 4
M34 uCB Pharmaceutical Company Greece 2
M34 Novartis Pharmaceutical Company Greece 4
M34 GSK Pharmaceutical Company Greece 1
M34 Novartis Pharmaceutical Company Greece 1
M34 Sanofi Pharmaceutical Company Greece 3
M34 Merk Pharmaceutical Company Greece 2
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M34 Abbvie Pharmaceutical Company Greece 2
M34 Rafarm Pharmaceutical Company Greece 2
M34 Ferring Pharmaceutical Company Greece 2
M34 Attika Private Bank Greece 3
M34 Eurobank Private Bank Greece 3
M34 Interamerican Private Insurance Greece 2
M34 Eyropaiki Pisti Private Insurance Greece 2
M34 Novartis Pharmaceutical Company Portugal 2
M34 Novo Nordisk Pharmaceutical Company Portugal 2
M35 Novartis Pharmaceutical Company Greece 2
M35 Novartis Pharmaceutical Company Greece 2
M35 Novartis Pharmaceutical Company Greece 5
M35 Novartis Pharmaceutical Company Greece 2
M35 ucCB Pharmaceutical Company Greece 3
M35 Merk Pharmaceutical Company Greece 2
M35 Genesis Pharmaceutical Company Greece 2
M35 Novartis Pharmaceutical Company Greece 1
M35 Vianex Pharmaceutical Company Greece 3
M35 Superfoods Pharmaceutical Company Greece 1
M35 Shire Pharmaceutical Company Greece 2
M35 Pfizer Pharmaceutical Company Greece 2
M35 ELPEN Pharmaceutical Company Greece 1
M35 Novartis Pharmaceutical Company Portugal 3
M35 MSD Pharmaceutical Company Portugal 2
M35 HealthBeacon Medical Devices UK 1
M36 Sanofi Pharmaceutical Company Portugal 2
M36 GSK Pharmaceutical Company Greece 4
M36 Vianex Pharmaceutical Company Greece 2
M36 Merk Pharmaceutical Company Greece 2
M36 Novartis Pharmaceutical Company Greece 3
M36 Novo Nordisk Pharmaceutical Company Greece 2
M36 Sandoz Pharmaceutical Company Greece 4
M36 Roche Pharmaceutical Company Greece 3
M36 Lundbeck Pharmaceutical Company Greece 1
M36 MSD Pharmaceutical Company Portugal 2
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