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The main goal of the sec ' Sen s
competition s oBNPdetnekty IR
heart failure, as fast an Biomarker ssi bl
section, the proposed det S expg
and our biosensor system
1.1 Detection principle .
I n our system, wneagwieltli cus: .
say to dperteeENP.NTI n this ty
the analyte is sandwiched ent
antibodies. The antibodie: uperp
magnetic beagisroBNP itshecaNl]"g_,..l, : _
will be formed consisting G g W %'e“a?él%r, FRI PRt i Phe
NFpr oBNP in between (see figure 1). These cluster:
wi || play a key rodpe oiBNPt he detection of NT
The first step of the measurement-pri agBNMhewiilnlculbian
bead. During this step, some <clusters are alread
descri bed above, is a probabilistic effect, pur e
solution This would result in long measur ement
However, the superparamagnetic properties of the
cess. When an external magnetic field is applied,
wi | | use magnhetic actuation using a pulsating mag
Now that the clusters are formed, the actual me a ¢
use magnetic stimulation to gain information abou
the amounptr oBINPNT n the sampl e. A rotating maghne
rotational motion of the beads. We wi | | make UuSsSc¢
identify them I f we il luminate the samnlplpe nwietnh |,
due to vtheythgecnoon of clusters. Singbecbeads &
wi || therefore not-decpoenntde nbcuyt eo ft ot hteh es itg meel . Four.i
order to obtain the amplitude of the signal at t
spondi-pgoBNP concentration can be found.

Magnetic field strength

0 W—N——
Incubation phase Pulsating magnetic field Rotating magnetic field Time
NTproBNP binds to beads Enhancing cluster formation Read-out phase

Figure 2: Magnetic stimulation in the clust epr oBNPay. Fior:

binds to the beads. Secondl vy, the detection phase, in whi

field and the poonB8é&PRPtiastideheoct eNTby a rotating field.
1.2 Functionalization of _the beads
I n order for thepbeBNB,
beads must be functiona
Anti bodies are bawrad etdo
using -Bobyi BEt hylNene Gly
hydroxysucci MNiHBI)dd i (nkkRRE |
of thed i RE®r cont ai nsNHsS ’
moi et y, which can be co ami ne
goup of an antibody by up.
Each antibody can -conkai
The other enldi mKker heo rPtEa i
biograup, which binds t g}
beads. To grpewdrfti cndri nd}j b n
streptavidin id4ioatred |e%<qh]re Rl Uitilayer bead gurfec
that, a seconldi nlkaeyresr iosf aPpEpGied to shell ®Hhetamti!l
coupling to thlei midari g imomwand PtE@GG t he anti bodi es.

n



1.3 Proposed biosensnr <cwvetem

I n our biosensor sy Quadr upol epnheolteocd

type, we wi |1 apply el ﬁ t P heolteoCd-et ect or
assay, as described cmagne

seen in figure 4, a

i s used t o il I umin

causes scattering,

measured by a photo

16 degrees with res

sion axis. This t -

ma | angle for me as |

from clusters, in ol

The quadrupol e, con

which can be drivel , L.

provide the externadigunagnetiged fsiealugpsfor the mag
needed for magnetic actuation and for the

actual measur ement. i

|l ook after the cont

and a second Arduin Circuit with
transfer the signal o

a |laptop, which anal

Al | of these techni S e

bl ackhofboxhe system

the use of the devic

as possible t he
use of the system, g

designed, which is s

bl ood sample of the patient wil|l T1 OoOw 1 n

the <cartridge, full ¥igwased: 6Eartecapgd |daersy gn
action. A asxmagemakes the sur -

face hydrophilic to facilitate the <capillary
action.

The beads will beoldrtiieod iim a@ heugndrddl e of the cart
in the sample as soon as it arrives in the chambe
wi || be perfor med. These carttrasges alalr@ewiinnge xfppem :

measur ement s.
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e the working of our biosensor system,

i ch can -rbees pda nsspd sa yo&dy M enB hdi(of3Re&Cl so i nvol ve
ume, sample handing and other measur e me
the table in appendix | . These settings

Dose Response Curve Dose Response Curve,
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3.1 Already availabl e

Handhelpd oBNP testing is already available on the
Lab Geo | B10, t he Roche Cobas h232 and the Al'e
di agnostics for BNP exist, namely theSTPAT. ips min

The technology wused (rotating magnetic cluster
[ d his proof of ddRmanegptnii,n SAGAtNa&no lilrzed@ck
nol ogy is patented by the TU/ e.

3.2 New devel opment s

l ncorporating the rotating magnetic cluster assa
results in the ACS Nano Article are retrieved on
t he-uypethad to be miniatdrriizend.l i he sismpwreo \dee vied eorped
sample does not need to be inserted into a cuvett
to separate the plasma and hematocrit.

The focus on the patient as wuser andprmeBRMNRIriimgEUImM
This requifresenalysemobust and | ow cost analyzer
the patients to interpret their measurement resul
We have designed and ordered some prefabricated
and photodetector. We did the assembly, chemical
and we wrote the software involved ourselves. We
ni que, t he extent to whi ch we have defined t h
functionalizati on



TE.S.T.

2017

18 42! .3,14)/. 0/49

=

Heal t hcare application potenti al

0 empowers patients and all ows them t
i nts with NYHA <classification 111 an

rrentl vy, heart failu patient
Every two weeks th iV a

s t deteriorat e at i

h The b e-pp

e r as wel |l

0 r essed i n h

a t-pmeBYWRttweenhs aa

[
e
p
h

d
c

'DO—hj(D

t
e
(0]

—— >~ Cc

ts are he
suming and
v

- ®OO®" TO QO C
oo —"pon S
@S ~QO~T —Q

[ s and empowers
u er mont h excl u
he biosenmamagetrmentp.a

on about sympto

~ @D =

- =5 Cc
®PTom DO Q5=

3 v S X =<~~~

n
[

ds an aver a
dr awal s, et c
an also give

O IS
>

Q

o —

o

o]
=]
o

ng of t he dewvfircieenddlhifmepassedhtomepativen
the sensor device and a blood pressur
pl an. With a certain fprreogBuNePh ccyg n ctehnet r
and Blheod ibd oodl Ipe &isesdunmwye yf ianngoenrgs thieca
OWwWS t hat 91, 5% t he respondent s e X
ti S he drop of bl

t to insert the
r

D S5 @
n ~
[
- @ S
m@:@—'
—_ —
jj
—

- o

es t
i o is

— —

0
~—t

®~+Q~s®>
(7))
Bf—FI—F

POgIT—w®DdI

CCQDOD T CQO 5
5 5
~~ O — =

™ OO0 T
O TT O
— (n =
-0 o X
-0 oo~
< @D -
:_(D'O

h a
a n
us ng
t t i
o] o]

S~0nsoT
T 5T A

on he ouch sc
ed and eedback
t i a C

=

h
i e
ne

=
—
©T T

results of the s
patient chooses o
by giving a not

app on his
e, the patient
their disease an
re.

—a
S0WS5S x®
: - 5
O 9
('D(D-|-|g)_—|r—+
o®o
S N T

cvwTTTOW SVWI~T—~T 30 o
D X =

—xmu—hu—h@mw
S+ T T =0T 0
Q’CDCDC:TI

O YT TO
-~ 0=

S
e
e
u
[

~+
T ~couy

an
mo r
on
| u

j—h

g i

=y

e measured data wil!/ be stored in an online clo
a an app, which makes it possible to observe tF
the patient deteriorates, t he ysician recei
amination where after the tre t plan can be
e anonymous data in the <clou al so be use
dustry, health insurances and l'icies.

—

ph
en
an

=D 0 < -

S5 O X T

m
C
po

2 I ndustrialization and commercialization poten

e e i

(7]

product wil/ be a handhel d de
n become a multidi s ddihgl iansasrayy
[ dies can be manipulated f o
tial starting

T o
——~c C 5

y

o~z »
o0 H> -
<0©°
o>

— S0
oo W5
-5 —Z2 <
moﬂ—.
o«Q

®

D o

ndi x |11 our business plan is included. I r
ed and further miniaturized. The cartridge
i mpl ementati on phase t he sensor devi ce
uirements and |l egislations wild/|l be checked in
evice via a trail. Concerning the starting capi

mi

- >

ppe
z
h

> ®d® 5T S

~Qg—o —
o



\/U'.E.S.;[;

of -arhde oafn atl hyes e awwWiirldlihd gvee 1G015,® @,

€

r

Append

n

Ssystem. I

i nsurance

ce

pri
Heal t hcar e

ng

sel |
Dut ch

hir
types

t hat
ng

w

a
S
ot her

h

h

al so
component ,

d
k
up
for i s

ne

0 e
n n
we scal e
duction |
cartridge,

he

qu
O - ]

di o f

ng price

and hosp
i dge

—_

|
t

car

emergency
per

n
and
f ocus on
of eur os

tens

t he
ration wil/ be kept
pati ent as user
sensors all
and a few

t
a
P

S
(0]
C o+ ~W0n
—_ o >
c e —

g

ep
he
BN

ah.I@eea.an
CTf.ISCCW/\a

- c 0¥
e TN
Sth ©
amu Qo .
derfl c
o
< %OHSG
© .
N >
OM|SE.I
c.B_Deg
o BgOJ
.Ie.l (SS
~s5Bo ._
admnro
N B._0,
_ BE-"3
(72}
— s>
cSKpa>?
Oesmey
..I..| [7p] c —
— o © <
ptS o
© oF~c
wn ~x ©
N o
o _ o -
h.loaO_.Od
->0 N
© [
+— ye ©
c™ . 9
— c
ep..lhoue
VSXChOg
eoeap to]
rhte..Lr.I
a ©
c - o
Oga +—
cC0cE -
8© _owg
Co&r OC
. o @
o
(@] vl.l...th
n G Owv,
c>wpo
v—_E 00
nw-@gounvo
0By _ S50,
.|e..te .
byrtSbS
© (] [¢)]
e L o
SDse=z O®®3S ®©

t he
t he
Wi

iins h2e0d1l 20 n( AJ. a nRuaarr zyo nbi
on

aturizat.

patent on
of

T.E.S. T. 2017
secret.

a
trade

i s

p u b
ni
a

mi
above,

rrently, there
This is
on the
di scussed
keep it

! e
tent



TE.S.T.

2017

L8 4%! - 1 .$ 3500/ .

=

Contribution of the team member s
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Subteam|Responsi|lfeam member s
Bead chdmasgtryer|dooiti Bergen, L
and Maai|lheny Lucassen an
Kraamer
Har dwar gMax BergkKamp van Geemen and Maalrtje Pont.

t Hagedoor n, G

otte
d Sophie|] Roos

SoftwargJlJoost BedgenDonders and | mke valn der Schi

Cartridgémke vanJJdemy van Geemen and Maafrtje Pont.
Schoor

Trans!| atfManar tpjoe |RonhtieeHHagedoor n, Gaby vian |l ersel

tenti al and Sophie Roos

SponsorilAgy LucaMsenke Kraamer and Maarf|tje Pont i e

Publ i c LRoetltae- Haldeost Bergen and Tim Dolnder s
tions doorn

Tabl e 1: task division of the team

5.2 Support

The strength of our diversity can also be found
people who gave advice about the technology and |
wi shes of all di fferentAKpennddioxi hvalser pewpl E bel géed
in the areas of chemistry, cartridge or transl at:i
5.3 Sponsors

Through the year, T.E.S.T. got five sponsors. A s
lUniversiteitsfonds sgisdmhovfeund from the TU/ e tha
support education, research and the student <cul't
2High Tech Camp:usatEitnldihoveampus, many technol ogic
| ocated. They contributed us financially, but v
during the meetings with them

3Ademt ebhs company i s a Ieadlng gl obal provider o
and diagnostic assays. They provide us with dif/
are an essenti al part of our biosensor.

4 DSMthis company offers a technical solution in t
devel op products that make | ife more enjoyable
5Johnson and Johntshoeny Merdawiade most of the product
devices. They contributed our team financially a
Finally, we were able to get a better financi I P

price during the TU/ e Contest.
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We as T.E.S.T. 2017 would Iike to thank weverybo
devel opment of our biosensor.

6.1 Future prospects

After the competition days on the 8th and 9th of

for the SensUs competition in 2018. We wi | | espe
technology and motivation to improve health care.
they are studying to form a multidisciplinary tea
As for our project, the design and devel opment of
tion days Qur project wildl continue to completel
we tend to bri ngprouBNHR nbnioovsaen sveer ,NTf or the detecti
ure to the market. After this, we wil!/l introduce

di sciplinary tool to use at home. As we announced
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Table 2: Default settings measur ement

|l ncubati on

l ncubation ti me 10 min

Actuati on

Total actwuation ti me 130 s
Number of pul ses 20

On ti me 2 s

of f ti me 4 s
Magnetic field strength |25 mT
Pause between actuation |10 s rement phase
Measur ement phase

Tot al measur ement ti me 2 min
Number of pul ses 20

On ti me 1 s

of f ti me 5 s
Rotation frequency 5 Hz
Magnetic field strength 3.75 mT
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Results from the questionnaires to heart fail

23% of the 82 heart failure patients who have par
telemonitoring system via a hospital or a platfo
beat and bl ood pressure. Some of them also keep t
system i s experienced as pleasant, because of the
the patients a feeling of safety about their hea
mi ss a weekly or monthly report, a confirmation t
The target group for the sensor device are heart
and | V. They have the most extreme case of the d
14% of 36 patiuepntssurivne ya hfaovlel oiwvndi cated that they
daily life they experience many compl aints dyspn
during a conversation or when walking up the ste
explains also why these patients are very busy wi
exclusive travel ti me.

NYHA classification

B Classification 1
B Classification 2
Classification 3

Classification 4

Number of heart failure patients

o N s Oy 0

91, 5% of t he 82 heart failure patients i ndi cat e

How bothersome do you experience a
fingerstick?
38
40

30

20
20 11
10 4
I 3 3 2 1 0 0
m o W .
1 2 3 4 5 6 7 8 9 10

1 =not bothersome at all
10 = extremely bothersome

nber of heart failure patients
[en]

73% is interested to use the sensor device. They
At the moment | ittle monitoring is present, the n
i ng. None of the surveyed patients expects to hav
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Results from the quest.i nnaires to heart fail

Two options are preferre
NFpr oBNP concentration (4
of the pati nt has deteri

, 7T%) a the display on

0]
d in feedback the patie
2 n d h

orated (36, 6 %) .

n
e

a

Display results

m Color code
® Measured value

= Only notification when
status is risky

Measured value including
normal values

First a color code, then the
measured value

Of these patients, 83% want to receive informat.i
would |ike to get advice about their di sease ani
informed about recent researches concerning heart
From the patients surveyed, 97, 6% prefers to sha
cardiologist or physician Sharing data anonymous
wants to share data with researcher s, 12, 2% with
i nsurances Further mor e, 39% of the patients woul
their health status
Sharing of measurement data
90

wn 80

IS

-%70

5] o -

o 60 m Cardiologist or physician

=2 M Researchers

& 50

- B Family and relatives

T 40

= Health insurances

6 30

P Pharmaceutical industry

£ 20

=

Z 10

0

M p
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RESEARCH AND DESI GN PHASE

For the feasibility of our sensor, the foll owing

8§ Optimi zation of meas(@(nembat pAarpmkesess magnet i c
duration of pul ses, bead and antibody concentr
15. 000 pofmBNRTis achieved and2®d ptgdmdard devi
Al so, trhespomsee curve must saturate and may not

8§ Fur tnhienri at uri zati omhpranatyper must not be | arg
wi || become a handhel d device.

8§ Il ncreased car t(riindcgleu dsitmgbbid eiideyd) . The cartridge n
at | east six months, which means that the hydr
| ayer must be stable over a | ong term.

8§ Addi tioinlitmértdhe inlet to filter the white and r
that only blood plasma reaches the reaction ch:

8§ Designing production |ine and PBebopbpeoéesté&bprnqgut
production | ine allowing | arger scale and ful )
tocols must be developed to ensure the quality

DESI GN AND | MPLEMENTATI ON PHASE

After these goals have been reaches, we will expl

achieve an i mproved prototype that works in all S

sorts of bl ood, even from patients wh o receive

@ont ambwiatthedal | sorts of substances which are not

VERI FI CATI ON PHASE

Once we have developed the product, we wi ||l conti

check whether our product confirms al/l |l egi sl atio

The product wil!/ be applied for a CE certificatio

END USER PHASE

Then our product wil/l be tested in a setting by

means a trial with severe heart failure patients

failure division of a hospital I n this step we w

§ I ncreaskdi esdrFriness of the design and user supf
design so that the user must be able to proper|l
ing an extensive manual

8§ Further integration into existi-thgstpartdsuwltt damuwas
stored properly and must be ready for interpret
cardiologists and other medical professionals).
to the HL7 standard.

Since we are not trained entrepreneur s, the ste

cooperation with an incubator, for example Brigh

Heal t h Campus.

After full devel opment of our bi ovdercshorg,r ows wiiltlh

new heart failure patients each vyear

Business plan is set up with information gathered in convers

and the heart failure department of the Catherina Hospital i
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PRODUCTI ON CQATYSZERAN

Pl ease note that especially the costs of the quad
since this component is not commerci-mhdg avail abl
Component Price Example of a mgnufactur
Quadrupole eledur aMhgnet Sekels GMBH (Ggr many)
Biconvex | ens a 5 Wor |l dHawk (Chi na)

Pl aaoconvex | ens |0 -5, Wor |l dHawk (Chi na)

Laser Diode + ddl kbmator Laserl and (Chilna)

Phot odetector ua 5 Wuhan Shengshi [Optical
El ectronic cirdadai 25including amdil PCB (China)

plifiers and NHC tag

Battery ua %0, Shenzhen Honghdgosheng
Casing (injectildn-5moul di ng) Shanghai Zetuo (I ndustry
Labour costs, 4q#46nbi5y, Aut omi zed/ Skillled mecha
Tot al ut180u220,

PRODUCTI ON COSTS: CARTRI DGE

I n the cost analysis sever al componentos Oahv es b ener
cludes amongst ot her s t he pl astic, Ademt ech Bea
quantities, these costs are almost negligible in
ing agent s.

Component Price per 1000 |Example of mandgfacturer
Anti bodi es ua 200, Abcam

Bl ocking agent |[gstt@ric hin- Nanocs/ Sigma Alldrich
drance)

Hydrophilizatigada 10, Susos

Ot her ua -5,

FunctionalisatildnlpOdOdss Automated/ |l ab gmpl oyee
Tot al U 326H625.

MARKET PRI CE

Obeying the advice of Phili ps tHreiagilohdgave, tthiee manr &
For the initial sales there is not enough start
l ine, but in | ater rounds as the demands increase
quer a mar ket share we wil!/ use one price howeve
the final selling pni &€&ind tthhee saenlalliymsge rp rwii dd-1g¢bfe t |
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1 00%. $)8 6d / 6 %26%Pe73!/,8%A! 2' %4
Based on the expected market, a calculation
targeted sales for the cartridges (100 cartri
ed for the mortality (assumed to be 30% per
Year 1 Amount Costs (u)]Selling RProéitu)d)
Anal yser |250 220 500 70.000
Cartridgg25.000 0.63 1 9250
Tot al 79.250
Year 2 Amount Costs (u)]Selling RProéi¢tu) d)
Anal yser |2500 170 500 825.000
Cartridgg267.500 0.33 1 179.225
Tot al 1.004. 225
Year 3 Amount Costs (uU)]Selling RProéi¢u) d)
Anal yser |[2500 170 500 825.000
Cartridgg437.250 0.33 1 292.958
Tot al 1.117. 958
Year 3 Amount Costs (u)Selling RProéi¢tu) d)
Anal yser [|[2500 170 500 825.000
Cartridgg5b56. 075 0. 33 1 372.570
Tot al 1.197.57(
Year 3 Amount Costs (U0)Selling HProéei¢u)y(dg)
Anal yser [2500 170 500 825.000
Cartridgg639.253 0.33 1 428.300
Tot al 1.253.30¢(
I n this analysis, the outlook of developing
Targeted sales is set up with information gathered in
on the expected market.

My
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