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© The Insight Centre for Data Analytics &

Insig hte Sfl

Faundatmn
Ireland For what's next

A world leading SFI Research Centre

In5|ght

Insight is one of the biggest data analytics centres in Europe. It undertakes high-
impact research, seeks to derive value from Big Data and provides innovative
technology solutions for industry and society by enabling better decision-making.

with €88 million (ca.50% Industry) in funding, Insight has 400

researchers across areas such as connected health, decision analytics, social
media analytics, smart cities and the semantic web.

http://www.sfi.ie/sfi-research-centres/insight/

2nd Phase funding approved (ca. €49 million SFl); autumn 2019
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Internet of (Biochemical) Things 10scT

* Bridging the Molecular and Digital Worlds

— Emergence of ‘Internet of Analytical Things’, Internet of
‘Molecular Things’, ‘Internet of Biochemical Things’

 Long-Term “Deploy and Forget” use model

— Embedded ‘smartness’

« Sensing (temperature, light-level, imaging, vibration)

« Communications (wireless)

« Power (10-year battery life-time, energy scavenging capability)
— Critical Need: Awareness of

« Surrounding environment

* Internal (functional) condition

:
. L. i) OE Gaillimh
S l — i 4o = ' =0 NUI Galway



Keynote Article: Anal. Chem., 76 (2004) 278A-286A

( iMRlernet

Ron Ambrosio & Alex Morrow, IBM TJ Watson
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What is a ‘Bio/Chemical Sensor?

‘a device, consisting of a transducer and a chemo/bio-sensitive
film/membrane, that generates a signal related to the
concentration of particular target analyte in a given sample’

Conducting cable/track

-

Signal out ™~ Transducer surface

Chemo/bio-sensitive
film

Chemo/Bio-sensing involves selective BINDING & TRANSDUCTION on the device
surface; this also implies the target analyte MUST meet the device surface
(LOCATION & MOVEMENT). It provides a signal observable in the macroscopic
world (COMMUNICATION)
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@ Calixarene lonophores — controlling the selectivity e
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SUPER GLUE. -
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Neutral Carrier Based lon-Selective

Electrodes, D.Diamond, Anal. Chem. Symp.
Ser., 25 (1986) 155.

A sodium lon-Selective Electrode based
on Methyl p-t-Butyl Calix[4]aryl Acetate as
the lonophore, D.Diamond, G.Svehla,
E.Seward,and M.A.McKervey, Anal. Chim.
Acta., 204 (1988) 223-231
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©  Blood Analysis; Implantible Sensors e
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] mM Array
5

In 1985, the use model for reliable
in-vivo continuous monitoring with | =
an implantable chemical sensor was """

LN ARRAR RN restricted to a day or two
o | Ble e 2 /

1985: Catheter Electr Eupp :
intensive care- function for 24 hrs 2, X
Dr. David Band, St Thomas’s 0 %5 20 s

[Na*] mM lon Chromatography
Hospital London

Anal. Chem., 64 (1992) 1721-1728.

Ligand (and variations of) used in many
clinical analysers for blood Na* profiling
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The (broken) promise of biosensors..... e
I O S EN S O R S High Technology, Nov. 1983, 41-49
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:"” " THE MATING OF |

BIOLOGYAND ELECTRONICS
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Outlet catheler
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Sometime within the next three or four years, a physician will insert a centimeter of
1 platinum wire into the bloodstream of a diabetic patient.

At its tip will be a barely visible membrane containing a bit of enzyme.
Hair-thin wires will lead from the other end of the platinum to an insulin reservoir
implanted in the patient’s abdomen.

Within seconds, a chemical reaction will begin at the tip of the wire.........

o
Ilhu..m at the lp:! l}m\e\lr: \

| adhere to the membral nd be at-
| tacked by the enzyme, !'orm ng hydro-
| gen p( roxide a nd 1I p roduct. The

ety SOt [t And (by implication) it will work for years reliably and regulate glucose through

In medicine and ing

feedback to insulin pump

=
_T a wide range of bid

g A OF Gaillimh
S | . 3 U =5 M NUI Galway




@  After Ca. 40 years — DominantUse (£
Model is Finger Prick Sampling

e.g. Diabetes: ca. 7% of world population

USA: population 300 million

Ca. 20 million diabetics

Personal control of condition using finger prick test =>
blood sample + glucose biosensor

« Say four measurements
per day = 80 million/day

* Per year = ca. 30 Billion
measurements/yr

« Each sensor used ONCE
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O Abbott Freestyle ‘Libre’ 9

The days of routine glucose testing with
lancets, test strips and blood are over.?

Welcome to flash glucose monitoring!

s Q} Y

« ‘Small fibre’ used to access
' interstitial fluid

How to use the FreeStyle
Libre System

The FreeStyle Libre system utilises advanced technology that is easy to

1 Apply sensor

with applicator

e00
« Athin flexible sterile fibre (5mm long) is inserted just below the b * D ata d Own I Oad ed at I e a St
skin. Most people reported that applying the sensor was painless® ] .
« The 14-day sensor stays on the back of your upper arm and S O n Ce eve ry 8 h r Vl a 1 S

automatically captures glucose readings day and night.

« The sensor is water resistant and can be worn while bathing,
swimming and exercising’

contactless scan (1-4 cm)
« Waterproof to 1 metre
. [ Replace every 2 weeks]
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Welcome to Nightscout ~ Setup Guides  FAQs  Links Map Labs  Privacy

Nightscout Foundation

Contact

2) NIGHTSCOUT
7 #WeAreNotWaiting

http://www.nightscout.info https://www.dexcom.com

Welcome to Nightscout

What is the Nightscout project?

LJd

Nightscout (CGM in the Cloud) is an open source, DIY project that allows real time access
to a CGM data via personal website, smartwatch viewers, or apps and widgets available
for smartphones.

Nightscout was developed by parents of children with Type 1 Diabetes and has continued to be
developed, maintained, and supported by volunteers. When first implemented, Nightscout was
a solution specifically for remote monitoring of Dexcom G4 CGM data. Today, there are
Nightscout solutions available for Dexcom G4, Dexcom Share with Android, Dexcom Share/G5
with iOS, and Medtronic. Nightscout also provides browser-based visualization for #openAPS
users and Loop users. The goal of the project is to allow remote monitoring of a TID's glucose
level using existing monitoring devices.

Disclaimer

All information, thought, and code described
here is intended for informational and
educational purposes only. Nightscout
currently makes no attempt at HIPAA privacy
compliance. Use of code from github.com is
without warranty or support of any kind.
Please review the LICENSE found within
each repository for further details. Use
Nightscout at your own risk, and do not
use the information or code to make
medical decisions.

Support Nightscout

Your contributions help the develope's
purchase test equipment, webspace, cables,
and other tools that drive this project
forward. Received donations are maraged
by The Nightscout Foundation. Click here to
donate.

Please consult with your tax professional
regarding deducting donations.
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Nightscout

Developed by coders
& engineers within
the T1 Diabetes
Community & friends

Developing APPs

Accessing real-time
data from diabetes
monitors (Dexcom)
wearable glucose
sensors)

User groups formed,
self-funded

Use disclaimers, no
warranty, not for
making therapeutic
decisions



http://www.nightscout.info/
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THE IRISH TIMES ...

NEWS SPORT BUSINESS OPINION LIFE & STYLE CULTURE

Companies » Health & Pharma | Financial Services | Agribusiness & Food | Energy & Resot

Abbott to add 500 new jobs at Donegal
healthcare plant

US healthcare giant employs almost 3,000 people in the Republic

© Mon, Jul 23, 2018, 15:35 Updated: Mon, Jul 23, 2018, 20:33

Peter Hamilton

[ J
[ J
Abbott's Donegal site manufactures test strips use FreeStyle blocd glucose-monitering meters. Photagraph: )
Tim Boyle/Bloomberg
o US healthcare giant Abbott plans to create 500 jobs in Donegal as it expands
its existing manufacturing facility there.
With nearly 3,000 employees across nine sites in the Republic, Abbott’s ()

operations here include manufacturing nutritional products and creating
diagnostic tools for physicians.

Abbott Jobs &

Macromolecules 1990, 23, 4372-4377

Synthesis, Characterization, and Properties of a Series of
Osmium- and Ruthenium-Containing Metallopolymers

Robert J. Forster and Johannes G. Vos’

School of Chemical Sciences, Dublin City University, Dublin 9, Ireland
Received November 27, 1989; Revised Manuscript Received February 16, 1990

1989: Forster and Vos
series of papers on Os/Ru
bipy/PVP

1990s: Heller develops
foundational ideas

2004: Abbott acquires
Therasense ($1.2bn)

2018: Abbott Jobs
announcement
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Y Long-Term Biochemical Monitoring? &

Duration qf Use Model

Years ( Fully Fu_nctlo‘nm\g_J
| WOS Search 26/08/2019

“Graphene AND
Weeks (Biosensor OR Chemical
Days | 1 Sensor)”

@ =0, 178 papers

ro—rrrerr
Hours —-' Saliva AnaIyS|s h
Single Use

None/External Extent of ‘Invasiveness’

Fulfy
Implantable
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O February 4, 2019 &

WWW.Nano-magazine.com Nano IOl sy

THE MAGAZINE FOR SMALL SCIENCE

email announcing

‘The graphene biosensor
that could provide early
lung cancer diagnosis’

‘The wonder-material
graphene could hold the
key to unlocking the next
generation of advanced,

early stage lung cancer
d iag NOoS iS ’ The graphene biosensor that could provide early lung cancer
diagnosis

The wonder-material graphene could hold the key to unlocking the: next generation of advanced, early
stage lung cancer diagnosis.
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O ‘The Sceptical Chemist’ (1661) 9
‘Chymico-Physical Paradoxes’
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YRIST'S PRINCIPLES

FCAL 7

°  Commonly call’d

ISTAT
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O Control of membrane interfacial
exchange & binding processes
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® Direct Sensing vs. Reagent é
Based LOAC/ufluidics

sample
Direct Sensing LOAC Analyser S :" blan |
BL BL
outside world N

t

reagents
source

Yt
g
YA

sample,
standards

/¢

detector

molecular interactions Reaction manifold
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S Achieving Scale-up @

-------\

| Current platforms |

{2— Revolutionary breakthroughs in%
g materials science; hidden
. | [

., complexity, biomimetic platforms, all
"I fluid handling integrated on chlp,=
mdeflnltely self-sustaining

44444

‘ 1. Evolutlonary
I  development, cost
| driven down, reliable,

“——————-A

. I
improved scalability ,, L Massively scalec |
- €<2 depIOymentS of |

i % the future? |

— -
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Argo Networks April 2018 Biogeochemical Argo Sensor Types April 2018

Latest location of operational fioats (data distributed within the fast 30 days)

* Core(3287) + Equivalent(182) + BioGeoChomical (306) * Deep (57) - Operstional Floats (308) =  Suspended particles (186)  ~ Nitrate (121)
o

: 9 ®) * C a(188)
pH (7) + Onygen (302) @

Argo (2000). Argo float data and metadata from Global Data Assembly Centre (Argo
GDAC) http://doi.org/10.17882/42182

Core: 3287 Biochemical:306
Suspended particles: 186; Nitrate: 121 Chlorophyll: 186 pH: 97 DO: 302
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http://doi.org/10.17882/42182

From Multi-Part to Single Part
Fluidic Chips

7/ Parts : 3 days 1 Part : 1 hour
3 Parts : 1 da
~€50/chip ! ~€1/chip

With Laurent Malaquin (LAAS-CNRS
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O Impact of 3d Printing

Assembled Chip

Minimum thickness
Assembled chip 4.25 mm
3D Printed Chip 1.58 mm

Advantages:

No Assembly

No Bonding necessary
Integrated barbs (1/16”)

Chip thickness reduced
by 63%

Automated manufacturing v .- (

See Poster — McCaul et al. “3D Printed Chips for
Environmental Applications

OE Gaillimh

Printed Chip
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O 3d Printed Microfluidics

0.2 -
018 £ 9UV-Vis (375nm)
" b y=0.0024x
016 ¥ R2=0.9903
8 014 £ APMMA Fluidic Chip (375nm)
t y=0.0047x )
E = F R?=0.9992 _,,—;‘-"’ﬂ
5 %' T 03D printed Chip with PMMA oK
é 0.08 +  windows (375nm) “.-"’
006 +  v=0.0049x = il .o
il R2=0.9978 .8 . e
. + '-- ----- E'-‘—
0.02 $ ,.3-"3 ------ i
e TS TR
0 5 10 15 20 25 30
B Concentration (LM)
40 ‘” O Nutrient Concentration Sensor = Grab Sample UV-vis
55 30 £
E R R LR
s 20
£
g 10 f
s C
8 0 [ 1 1 1 1 i 1 1 1 1 % 1 1 1 1 = 1
15/03/2019 18/03/2019 21/03/2019 24/03/2019
Rendered images and 3-d printed parts showing Date (DD/MM/YYYY)
Top: lower chip layer (3-d printing stopped); . . .
Bottom: finished chip Time series showing over 150 measurements of Phosphate (PO,*
Top right: calibration plots of 3-d printed and micro- KM) generated in lab by the Prototype Nutrient platform sampling
machined chips and UV-VIS reference method from a tank containing 25 pM phosphate in fully autonomous mode
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2 Dublin Bay
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2 Water Quality — Dublin Bay

Failure of Ringsend tank led to sewage = THE IRISH TIMES 2

discharge in‘to Dublin B ay LATEST NEWS MOST READ MEDIA IREL/
An investigation into the cause of the incident is ongoing, Irish Water says SWlmmlng banned at
every south Dublin beach
B - after overflow at

Kevin O'Sullivan f::.ntonmeﬂt & Science Edtc - | treatment plant

Dun Laoghaire-Rathdown and city councils issue notices
expected to last seven days

@ Tue, Feb 26, 2019, 06:00

File image of Dollymount beach in Dublin. Photograph: Dara Mac
Doénaill/The Irish Times

An aerial photograph taken at Poolbeg, Dublin, shows a large discharge was continuing at 5.45pm on Sunday Mark Hilliard

evening. Photograph: Eoin 0'Shaughnessy/ DublinCityShots
Updated: about an hour ago

https://www.irishtimes.com/news/environment/swimming-banned-at-every-south-dublin-beach-after-overflow-at-treatment-plant-1.3917229
Date Accessed 6t June 2019
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9 Merging of Materials, Devices and Data @

Outside: On-Body Inside: Implants/In-vivo
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Thanks to.....
NCSR, SCS, DCU
Science Foundation Ireland & INSIGHT Centre
Enterprise Ireland

Research Partners — academic and industry

H2020: Holifab Project

Jean Louis Viovy (Fluigent) , Mark Bowkett (TE
Laboratories), Laurent Malaquin (LAAS)

N¢ HoliFAB
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