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ABSTRACT

Medical testing at the Point of Care (PoC) is becoming essential for the timely diagnosis and monitoring
of pathological conditions and infectious disease, for the proper treatment of the individual and for the
protection of the community. The recent case of SARS-CoV-2 has outlined the need for decentralized

' immunoassay'diagnostic technologies. The development of automated lab scate and benchtop point of

care immunoassays is an actively pursued goal for both academia and industry. However, a gap between
the rapid lateral flow test and the large, automated hospital analyzer still exists. Partly, this is because
the miniaturization of laboratory immunoassay protocols remains elusive.

In this work, key concepts of immunoassays and point of care diagnostics are presented. The current
state of the art is reviewed through literature and mostly through commercially available PoC systems.
Their technology is discussed, and a list of their diagnostic targets is compiled.

Following this review, a point of care technology which can be shared across laboratory and benchtop
systems is envisioned focusing on design modularity. A laboratory system for automated head-based
immunoassay preparation is developed, analyzed and its key components are presented. The system is
then used to perform a full sandwich immunoassay for SARS-CoV-2 antibodies yielding promising

results.

Following the development of the laboratory system, the building blocks for a benchtop point of care
microfluidic disk that shares the same immunoassay technology are proposed. A new type of on-chip
non-contact micropump that is activated using an IR laser beam is developed and tested. We report flow
rates as high as 2 pl/sec and total volumes over 160 pl with high displacement repeatability. The second
development is a new type of burst microvalve that is hased on hydrophobic porous glass microfiber
filters. For this assembled part, we report burst pressures of 12.5 kPa which makes it suitable for use in
centrifugal microfluidic systems. Both components follow the modularity concept pursued in this work.
Using these two building blocks, some concept microfluidic disks for the performance of bead-based
immunoassays are proposed and discussed. Initial prototyping work is presented along with motion
system and detection concepts.




FIEPIAHWH

O atpwés Eheyxog oto anueio $povridag, i oM aparhiviog éheyxog {Point-of-Care / PoC),
efehlooetal o8 €va PaoLKo epyaAeio ylo v éyroalpn Sudyvwan Kol rapakoioubnon HOAU CHOTLKIY
aoOeverby Kol dMwyv ntabrioewy, TOco ylo v Bepomeutiki ppovrida tou aoBevoug 660 KL YW Thy
rpooTacia TNG Kowdtntag. To npdoparto nopadetyua Tov SARS-CoV-2, ave&slﬁa TEPALTEPW TNV AVAYKN
yu TeXvVoAoyieg TOU ETUTPETOUV TOV AMOKEVIPWEVD SIayVwoTIKO avooo?\oyum Eheyyo. Ma autd Tov
GKOTLG, 1} OWETTUEN EPYOLOTNPLOKMY Kot ERLTpOmEwy PoC suotnpdtwy anotehel avTKELEVO Epeuvag
1600 ot akadnuaikd 600 kal ot Blopnxavikd entnedo. Qotdoo, avapeoq oto rapid lateral flow test kal
oTouc KAWLKOUE QVOAUTEG peydAou HEyEBOUC, UTAPYOUY TERLOPLOUEVEG AMoglg, Ev pépel, auto
odeldetol ovg TPOKAKOELS TNG HETAPOPAS TWV EPYOOTPIOKMY TIPWTOKGAAWY GE Aoew oy Bacilovron
OTNY LKPOPEVOTOVLKA.

se auth v spyaola, ol Baokéc apyeg Twy QVOGOSOKLNOLY KAL TWY TEXVOROYLWV TNG SLoYVWOTLKAG
gto onueio dpovrldag mapouvcidlovtat. H rpdodog Tou medlou TmapouoldleTal HEOH ond 1
Biphoypadio Kol kuplwg pEow and o Sbécwo cuotipata yw PoC Swyvwotuai. OL OPYEC
AETOUPYLOL TOUG TUPOUOLA{OVTAL KOL OL Siayvwotikol Toug oToXOoL Mapuatifevial.

Me avadopd Ty avoaokonnen Twy Swbéoiwy ouotnpdtwy, oulnteital plo texvoroyia PoC mou
propel va petagepBel to00 Of EPYOOTNPLOKEG GO0 KOl OF MIKPOTEPES SLOYVWOTIKES OUOKEUEG.
NapouotdleTal éva £PYACTAPLOKO CUCTAHA Yo TN SlECOyYY] AUTOUXTOTIOHEVY OVOCOAOYLKWY
npwiokdMwy pe ™ xpron pipoodaipdlwy. To cvotnpa xpnowomoiettal yia tn Sieaywyr) 10T
aviyveLONG AVTIOWHATWY EVavTL TOU SARS- CoV-2 rapouotdloviag evBappuvTika QFIOTEAEGOTOL.

To akdhouBo Brpa perd v avdrtugn tou EPYAOTNPLKOY GUOTApOTOS, Elval n REPWYPODN TwY
Paowkmy otolelwy yia TNV avaruén eviC POC QU YOKEVTPIKOU HIKPOPEVCTOVIKOD GUC THUATOG TIOU
Baoifetar otnv (O texvohoyla avooohoyikwy Soxipav. Evag véog TUTOC pikpoavtAlag Tou
evepyoroteital pe umépuBpn axtwoBolia laser QVaTTUGOETAL Kt SoKpadeTal, AvadEépoupe poEg
PEUCTOU PEXPL 2 pI/Sec EVIOG HIKPOPEUOTOVIKOU KUKAMOHLOTOG, KOt OAKOUG HETOUPEPOUEVOUG OYKOUG GV
twv 160 pl pe vPnAf enavainiudtnta. Enlong, avantiocetal évag véog TUmnog puwpofaipidag nou
Baolletal oe ubpddoPes Bopeg ppolviov yuolod, Na tg HuKpoBaABide; avadpEPOULE TUECELS
gvepyomoinong g Tagng twv 12.5 kPa, T o Tig kaOLoTd KaTGAANAEG v Xpron o GUYOKEVTP LKA
HLKPOPEVOTOVLKY CUCTHpOTa. Kat ta §00 orolEeiat aKkoAouBOUY TG APYEG TOU EUEALKTOU oxedleopoU
nou emxewpeital o aut) TV Epyaoia. Xpnowonowvtag ta Svo otoyela, mapoudiioviat
npoTEWOEVT OXEDLL HLIKPOPEUCTOVIKWY Bilokwy yiat avoooAoyLkég SOKIEG UE Hkpoodalpibia Mali pe
apYIKG TPWTOTUTIO, CUOTAOTA aVixveuong xatL kvnong.




