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About food allergies

Food allergies - sensitization to food products

Life threatening:

Can provoke clinical reactions (e.g. anaphylaxis), with respiratory
and/or cardiovascular problems that might result in death.

« 8% of children

« Over 15 million people in Europe.

« Increasing prevalence.

Current diagnostic technology:
« Skin prick test - limited.
« Alternatives tests are blood/lab based -
FEIA, RAST and ELISA
« PoC devices - only a few allergens per test,
at most a semi-quantitative determination.

POSITIVE technology:
100puL whole blood sample

Sensitization determination to 0.1kU/L (0.24ng/ml)
for 10 food allergies in 15’
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(1) Nanoporous membranes

Increasing importance of nhanoporous membranes in sensing applications:
v Typical length scales maximise formation of bioassay.

v Enhance response of sensor over planar sensors.

v' Selective size filtering.

Sensing performance directly correlated to quality/reproducibility of structures.

Examples: (Porous silicon....porous alumina.)

Electrolyte
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(1) Nanoporous membranes

«Top
surface

R Y

Porous
membrane <

High porosity
layer

< ", i, ., " " - "

ARARR A SRARARRAARARE SR QRN AR AR R AR RS A SN A A A AN A A o hlghl'y integrated and
P, P Pl S, P, P, P i, . i, i, o, 0, ]

>
N, scnsiﬂchOtoussﬂlconbcsrd
,_‘*oeooeoc““ooo.oe"‘*‘oo&ano"’*ott‘oe LA AL Sad 1 lal 11 Jatatat 3 1 Sad L L 12 % X B Ao ~ ’ - -

s~~soeae ~ e R e b on a chip for multiple
L Tate ] 1 Lotate adal ¥ o’ T ¥ ettt fof o - -
3&'9*7c0"‘~“5 Anpseest~~nae AR B~ B8R0 s~ qumttt;"VE monitoring of
ot L L Saiabals X L Sadaiat 0 L1 2 1 et onimaniel L1 detefal L ial L talaiat L2121 1 20

mAAAANY .S A AR e AR AP SRS .Food alfesgies-at point of care
GANRAAANSBODe /

« ICMUV

INSTITUT DE CIENCIA
DELS MATERIALS de la
Universitat de Valéncia

I, T, Tl o, W B "




(1) Nanoporous membranes

Resist. = .1 Qcm

Low porosity, branched pores Optimal pore size, low porosity
Resist

.. 100nm
Good pore size & porositiy
Optimal etching conditions — high control over etching process




(1) Nanoporous membranes

Solution Etching rate
(um/s)
a%HF + 0.06
b% Ethanol
c% HF + d% 0.05
Ethanol + e% H,O,
% HF + 0.04

g% Ethanol

Pore size Refractive Membrane

(nm) index thickness
50 - 60 2.8135 20
30-40 2.7862 10
70 - 80 1.9279 10

Extremely thin free
standing membranes can
be realized, down to 3
um thick and area of
around 1 cm?.




(1) Nanoporous membranes

Greatly dependent on:

PorSi
biosensor

: 1.Etchant solution composition - varied
properties

‘ at will.

2.Starting material - limited

» Etching solution
Silicon composition

[100] n-type commonly 0.01 Qcm or
doping level

0.001 Qcm, but not 0.1 Qcm

[111] n-type commonly 0.001, 0.01,
0.1 2cm

— but [111] has no optical anisotropy

Need a larger variety of
substrate types on
the market to

develop OPTIMIZED Furthermore nanoporous membranes are of great interest for
biosensors many analytical uses e.g. DNA translocation!



(1) Nanoporous membranes

PorSi Advantagess PorSi Disadvantages:
. High refractive index « Rough internal pore surfaces
. Flexible pore tunability (difficult fluidics)

. Well known chemistry . Pore size dispersion

Good chemical resistance
No intrinsic photoluminescence

PorAl Advantages: PorAl Disadvantages:

« Smoother pore surface « Low refractive index
. Monodisperse pores size . Intrinsic photoluminenscence (no
« Higher optical labelled assay, no Raman analysis)
transparency in the Vis . Lower stability in biological
range environment
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(2) Polymer to silicon packaging

To convey advantages of membrane to LoC
world for:

*sensing,

“filtering,

*bioassay scafffoling etc

need suitable/cost-effective chip technology

e.g. a novel polymer to Si packaging technologies (RHS).

*Biochips - 15x15x1 mm3 microfluidic OSTE(+) chips,
with 6 mm diameter, 30 um thick porSi membranes
(50% porosity, 70 nm pore size) bonded. [1].

*Spin-out Mercenelabs (www.mercenelabs.com) is
currently commercializing the novel polymer used.

[1] Saharil, F. Gylfason, K.B. ; Liu, Y. ; Haraldsson, T. ;
P.; Kumar, N. ; van der Wijngaart, W. “Dry transfer bonding of
porous silicon membranes to OSTE(+) polymer microfluidic
devices”, MEMS 2012, Paris

Bettotti,

B Porous silicon

teflon etch mask
@ e Porous silicon was electrochemically etched in a
solution of 30% (volume) HF in ethanol.
The Silicon anode was reverse biased with
a current density of 60 mA/cm?.
sintered Aluminium

By applying a current pulse at the end of the etch,

HF + ethanol bath

porous silicon the porous silicon membrane is electrochemically

free etched and partially released.

The liquid OSTE(+) polymer consists of
3 different monomers:

A
@ v
@ 1‘—4_1_ é u +
PDMS mold " \
Apply OSTE(+) - thiol allyl epoxy
‘ UV initiator

% % ,,,,,, % %
C iolica bo nate (PC) carrier J__CUCK"

@ ick chemistry
PDMS mold\ . . tion between
UV cure partially to polymerize the thiol and -ene
the thiol-ene

protusion

with 50% thiol excess.
Peel of the OSTE(+) and the PC ",
carrier from the PDMS master

. After the first
cure, the
mold = OSTE(+)
@ — . _ is compliant
P and sticky for

Drill holes through the OSTE(+) easy transfer.

Transfer bonding
» SH ou o

After the membrane

Allgnment& bonding

® “ Before bonding
transfer on OSTE(+)
) @ Second cure stage [l

Detach the porous silicon Ii' T
from the si substrate i » R—C|—$—S —R’
% i % % 2 anionic OH H

@ § initiator

At this stage, the dual cure ternary monomer
N ol merlzatlon is complete.

Heat in oven at 70°C for 2 hours P y B

to complete polymerization.

@ﬂ'l'h _

ﬂundlc ports "
The final device
A2

After the second cure, the OSTE(+)
has a Young's Modulus of 1.2 GPa.




(3) Blood filtering technology

In Positive filter paths

quickly blocked by solids.

Instead:

« Guided flow along large
area commericial
membrane filters.

-> several 100 ul of whole
blood filtered and plasma
generated for subsequent

/ analysis .
4 -> Low cost implementation
for Positive and ?

Microfluidics cartridge incorporating a Positive
sensing membrane and large area filtrati




Analysis of the supply chain

Consumable Manufacture

Chip Processing

Wafer Supply
[controlled resistivity]

v

Parous Wafer Processing

Biologicals

Two discrete items in product

Protein Production/Supply

L

Mounted Blank Chip

Processing

supply chain.

Chemical Crosslinkers

Reagent Supply

Fluidic Cassette YYY
Biofunctional
Injection moulded chip spotted chip
packaging
¥ ¥
Disposable Fluidic Package Final Device
rlanufacture Assermnbly
)
Filter Membrane Supplier Final Chip
Packaging

4

Reagent Packaging

¥

r

Product Support and Management, 5ales, Customer Support,
Storage and Distribution

b

4

End User {(Surgery, Point of Care)

« Reader supply/distribution chain is
of that of a conventional system
and is well established in the
market.

« Diagram shows the supply chain
for the consumable
device/associated reagents.




Analysis of the supply chain

Companies serving the different steps and identification of gaps:

> Chip Processing

Highly volume dependent.

Different suppliers, slightly different ranges of processes, how generic are the

process steps?

« Small scale batch silicon semiconductor processing and device packaging. - Tyndall, Cork,
Ireland.

« Medium scale silicon semiconductor processing and device packaging. - INEX, Newcastle, UK

« Porous Chip Manufacture.- SmartMembranes GmbH, Halle, Germany.

> Fluidic Cassette
« Filter Membrane Suppliers - Millipore Corporation, Billerica, MA, USA. Whatmann- GE

Healthcare.
« Microfluidic Laminated components —Epigem, UK

> Biologicals
« Protein Array Spotting - Biotools B&M Labs, S.A.
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Analysis of the supply chain

Supply chain problems (e.qg. lack of standard, common language, interest, etc).

1. Semicon manufacturing by ‘recipes’, don’t understand/have control outside:
« No economic supply of wafers for membrane production with reproducible properties.

2. Biological reagents from different suppliers and even from batch to batch at same
supplier will vary in quality and concentration

« individual batches will need to be verified on a ‘standard Positive platform’, or the assay has
to be designed to accommodate this variation.

3. Quality control in spotting of all ‘wells’ in each biochip (miss one and chip needs be
rejected).

4. Spotted biochips may fail in tests at limit of specification.

5. Lack of standards, for quantifying biosensor performance and characterisation.
6. Lack of standards, only guidelines for activity differences between IgG and IgE.
7. General process development for reproducible and in specification, consumables.

8. General miscomprehension due to different meanings of terminology from biology to
medicine, physics and chemistry.




POSITIVE Contact information:
www.fp7positive.eu
SEVENTH FRAMEWORK

PROGRAMME
Thank you for your
|
attention!
All of the Positive team.
This work was financed by FP7 (Positive), #257401.
-

gieséfpoint of care
./J‘ A B

INSTITUT DE CIENCIA : R L T S eAs e AnnesRAanpeenn-
DELS MATERIALS dela N B A e e U R R R A RS N 18B A~ 388~ "~sea~~~~scassse NN
Universitat de Valéncia .- A AAAS 55 a g




