Table of Contents

Abstract ..o i et e DRl e 3
RESUME .. it maa i i L i i s e 5
Acknowledgements..........cccccoiiiiiiiniinnn 9
Table of Contents ... 13
LiSt Of FIQUIES .. c:ococcitisits abitiisintcisatcaiocui it i e e n L 17
List of Abbreviations..........ccoueviiiiiiiniiii . 21
Chapter ... o ciiiiiin i ain hoiibiinn Saitiviuiniinei i on o s, 23
INtrodUCtioN......ooiiiiiii 23
T Motivation... ..o iiiiiini s iitiviviiniinisues sisassinitiosdssadsssssnniasnnsassisens 23
A2 AMS. .. i il e iende e e i 24
130UHINe il e e 25
Chapter 2.l i ni it Gl 29
Malaria and the detection of the ‘last’ parasite: How can technology
help?:. .o o e i G e 29
2.1. The burden of Malaria...........ccceeeviriiivciiniiinic s 30
2.2. How efficient diagnostics might impact the control of malaria ....34
2.2.1 Presumptive versus parasitological diagnosis ...................c.cc........ 34
2.2.2 Current diagnostic technologies and the challenges of detecting
thelast:parasiter.s vioii il snn ina el e L e 36
2221 Microscopy:i. - = v e e s 42
2.2.2.2. Rapid . diagnostictests ... i nl i 43
2.2.3. Promising and alternative technologies for malaria detection ...... 47

2.3. Specifications for a new generation of malaria RDTs...
2.4. Microfluidic technology for malaria POC testing

13



2.4.1 Immunodiagnostics on microfluidic platforms for malaria detection

................................................................................................................. 58
2.4.1.1 Sample pre-concentration ...............occcoeveiiiiiiiiiiie e 58
240 3Detection @ i Lo e e 63

2.4.2 Molecular testing on microfluidic platforms for malaria detection ..64
2.4.2.1 Sample pre-treatment...........ccooerirviiniieene s 66
2.:4.2.2 Heating SYSIemMS iciiiui ittt st i seossuiasss smesadiaadasbisbas 68

2.5 . CONCIUSION .t i s o vaies s b oiei i i raet oS st i e 71
Chapler 3. ..o o i s il isintisibacds fonosisthvadath svsuhusiso s ke ebiass du s 73
A bead-based immunogold-silver staining assay on capillary-driven

MICPOMUIICS oo ittt nii st sl iinnasisiactsonton st iisn i nsshnsasiesnninate 73
S dntroduction: .o o v st n L s 75
3.2. Materials and methods ........c.cccoceiiiriiiiieinicice e 79

3.2.1 Antibodies and reagents ... 79

3.2:2 Fabrication materials :......c..ii i il i i mvntosnassvsonsastisosiness 80

3.2.3 ProtoCOIS fOF @SSAYS ... it iiiisanessuessisstasetessssssatasinestadossnsonasossseionsss 80

3.3. Results and discussion................ ....82

3.3.1 Assay and detection principles..... ....82

3.3.2 Chip design and bead integration
3.3.3 Assay implementation validation..... .
34 ConclUSION ... ois i il i e i e 94

Chapterd... . oo v i il s L e 97

Toward a rapid diagnostic test for malaria elimination using
immunogold-silver staining assay on capillary-driven microfluidics .97

Preface. ;i b i e 97
4.1. Introduction................ ....99
4.2 Materials and Methods......... v 102
4.2.1 Antibodies and reagents .............cccoooieiiiiiiiiiie ... 102
4.2.2 Fabrication of microfluidic chips and integration of beads .. .103
4.2.3 Protocols fOr @Ssays ........ccooveviririiieiiiieeeee e ... 104
4.3 Results and diSCUSSION .......cocerieemireeireereeer e 107
4.3.1 Validation of IGSS for malaria PfHRP2 detection using a
commercial RDT and a microtiter plate...............cccoccooieieiiiiil 107
4.3.2. IGSS assay protocol developed for the microfluidic chip........... 109
4.3.3 Fabrication of the microfluidic chip and integration of beads...... 112
434Chpdesign. v o e il 113
435 IGSStperformance . =° L L e st i 115
44Conclusions .. == .. i anE e e 117

14

ChAPLEE 5 ..ot 119

ConcluSions & OUHIOOK.......ccovirereiiiirerireeee e 119

5.1 CONCIUSIONS ...eovviiiiicsnesssasasnsesormansrasssssntasssenmemesssassertosssnasisassanessrssanas 119

5.2 OUIOOK 1ouvcsiiionssesssisiassiasesssvisnsosansissasaintsissanssstsonsansiesinbrsntsssnnanssiassvnsos 121

LiSt Of REFEIENCES ....evieveeereeiereerseeesirteese st s st s sn e s sa e s sas s ae s e ss s 129

List Of PUDICALIONS oecveeveeiiiiireccenrreeesireeeseneee e snnas s sanee et se s 163

(o318 o0 1710 11 VAL F: L= R PP P 167
15



