


 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



































Univ
er

sit
y o

f C
ap

e 
Tow

n

4 

MangolcUl ..................................................... . 

HI ... ''' ... .., (%) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. Malaria and The iu""mn,nl Wellcome Trust International rno ..... :". Medicine 
Zomba Malawi 

,"""'1rngTn",rn""",,_,,,, 'It"""! ..... ""n"" elTlcac:y and molecular markers of r""",;"t,.n,..'", in and 
low transmission areas in Malawi. 

2. Annual M"',/I>til'lln Trl\ni'!"llIl medicine and 

,"""-,rngTn,,,rn'lrl""_"" 'It"""! ..... ""n"" ""Tr' .... "r·u and molecular markers of resistance in and 
low transmission areas in Malawi. 

Initiative on Malaria Pan-African Cnnf~'rill!rlc!iIl! Tanzania 
INtllViIl!ll1ndll!r 17-

""tt",.."r"\, and molecular markers resistance in and 
low transmission areas in Malawi. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

-t avvuv",uu curve 

t. 

curve a COltlC(!ntratIOIl-t1 curve 

a 

curve. 

as as 

c 

I 



Univ
ers

ity
 of

 C
ap

e T
ow

n

L 

a cornDlnatlOn 

s 

cOJnc(~ntratlon versus curve 



Univ
ers

ity
 of

 C
ap

e T
ow

n

wt 

COlnC(mtratlOn versus curve 



Univ
ers

ity
 of

 C
ap

e T
ow

n

PAGE 

TITLE..................................................................................................... I 

DEDICATION...... ............ ............... .................. ....................................... ... II 

DECLARATION........................................................................................... III 

PREFACE .................................................................................................................................. . 

ACKNOWLEDGEMENTS ................................................................................ . 

ABSTRACT ............................................................................................... . 

LIST OF FIGURES ..................................................................................................................... .. 

LIST OF TABLES ...................................................................................................................... .. 

CONFERENCE PRESENTATION ................................................................... '" .... . 

LIST OF ABREVIA TJONS ................................................................................................... . 

1 

1.1 VECTOR CONTROL................................................ ............ ........... 2 

1.2 CASE MANAGEMENT.................................................................... 2 

1.3 PARASITE RESISTANCE TO ANTIFOLA TE ANTIMALARIALS...... ......... 4 

1.3.1 PLASMODIUM FALCIPARUMRESJSTANCE TO PYRIMETHAMINE 4 

1.3.2 PLASMODIUM FALCIPARUMRESISTANCE TO SULFADOXINE 6 

1.4 ADDITIONAL FACTORS IN ANTIFOLATE DRUG RESISTANCE............. 7 

1.4.1 HOST NUTRITION AND ANTIFOLATE RESISIT ANCE.......................... 8 

1.4.1.1 HOST BLOOD FOLATE LEVELS............ ..................... ..................... 8 

1.4.1.2 HOST BLOOD PARAAMINOBENZOIC ACID LEVELS ............... . 10 

1.4.2 DRUG PHARMACOKINETICS IN THE HOST....................................... 1] 

2.0 RATIONALE FOR MORE STUDIES ON ANTIFOLATE RESISTANCE........ 13 

2.1 PYRIMETHAMINE SULFADOXINE IN MALAWI................................. 14 

2.2 SCOPE OF THE STUDy.................................................................. 15 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.2.1 OVERALL AlM................................................................................. 15 

2.2.2 SPECIFIC AlMS................................................................................. 15 

2.2.2.1 AIM 1.................................................................. ............... ......... 15 

2.2.2.2 AIM2.......................................................................................... 15 

2.2.2.3 AlM 3.................................... .................. ..................... ............... 16 

2.2.2.4 AIM 4 .......................................................................... . 

2.1 INTRODUCTION.................................................................. 18 

2.2 PATlENTSANDMETHODS ....................................................... 19 

2.2.1 STUDY SITE..................................................................... ..... 19 

2.2.2 ASSESSMENT OF JN VIVO PARASlTE RESISTANCE.................................. ..... 19 

2.2.3 PARASITE DNA EXTRACTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . ... 20 

2.2.4 PARASITEDNAAMPLlFICATION...................................................... 21 

2.2.5 DHFRGENEANALYSIS............................................................... 21 

2.2.5.1 PCR ANALYSIS OF DHFR CODON 51 AND59.......................................... 21 

2.2.5.2 

2.2.6 

ANALYSIS OF DHFR CODON 108 AND 164 ...................................... . 

GENE ANALYSIS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 24 

2.2.6.1 PCR ANALYSIS OF DHPS CODON 437 ............................................... . 

2.2.6.2 PCR ANALYSIS OF DHPS CODON 540. . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 25 

2.2.7 STATISTICAL ANALySiS.............................................................. 25 

2.3 RESULTS........................................................................... 26 

2.3.1 PYRIMETHAMINE-SULF ADOXINE CLINICAL AND PARASITOLOGICAL 

EFFICACY. . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . .. 26 

2.3.1.1 28-DAY PARASITOLOGICAL AND CLINICAL EFFICACy................................. 26 

2.3.1.2 WHO 14-DAYEFFICACY ........ , ...... '" ......... ............ ... ..... ..... ..... .... 27 

2.3.2 DHFR AND DHPS GENOTypES...................................................... 29 

2.3.2.1 MANGOCHl.......................................................................... 30 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2.3.2.2 DEDZA............................................................................ ... 30 

2.3.3 ASSOCIATION OF DHFRJDHPS MUTATION WITH PARASITOLOGICAL FAILURE..... .... 33 

2.3.4 MOLECULAR SURVEILLANCE OF DRUG RESISTANCE.............................. .. ... 34 

2.4 DISCUSSION.. . . . . .. . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . .. . . .. . . . . . . . . . .. . . . .. 35 

2.5 STUDY LIMITATIONS............................................................ 40 

3.0 BLOOD DRUG LEVELS IN MALARIA PATIENTS......................... 42 

3.1 DEVELOPMENT OF ASSAY FOR RECOVERY OF DBS DRUGS........... 42 

3.1.1 MATERIALS AND METHODS...... ... ............... ... ...... ...... ... ..... 43 

3.1.1.1 REAGENTS AND CHEMICALS............................................. 43 

3.1.1.2 APPARATUS.... ........ ... ... ......... ... ......... ... ...... ... ... .......... 43 

3.1.1.3 EXTRACTION OF PYRIMETHAMINE FROM DBS OF WHOLE BLOOD... 44 

3.1.1.4 EXTRACTION OF SULFADOXINE .......................................... 44 

3.1.2 PRACTICAL APPLICATION OF THE METHODS 

3.1.3 ANALYSISOFDATA ......................................................... 45 

3.1.4 RESULTS... ...... ........ ....... ......... ... ............ ...... ... ........ .... 46 

3.1.4.1 SlTLFADOXINE ........................ '" ................. "........ ..... ....... 46 

3.1.4.2 PYRIMETHAMINE........................................................... 47 

3.1.5 METHOD APPLICATION... ......... ... ............... ... ...... ... ....... .... 48 

3.2 SDX AND PYR BLOOD LEVEL MEASUREMENTS FROM THE IN VIVO 

SP EFFICACY STUDY IN MALA WI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 56 

3.2.1 SUBJECTS AND STUDY DESIGN............................................ 56 

3.2.2 PHARMACOKINETICS AND STATISTICAL ANALySES................... 57 

3.2.3 RESULTS..................................................................... 57 

3.2.3.1 SlTLFADOXINE ............. ;................................................. 57 

3.2.3.2 pyRIMETHAMINE........................................................ .... 62 

3.3.1 DISCUSSION......... ... ... ......... ...... ... ......... ...... ..... .......... ... 65 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.3.1.1 DRUG ASSAY DEVELOPMENT... ... ............... ......... ... ...... ....... 65 

3.3.1.2 BLOOD DRUG LEVEL MEASUREMENT IN MALARIA PATIENTS........ 66 

3.3.1.2.1 SULFADOXINE... ... ............ .... ........ ... ......... ...... ... ............ 66 

3.3.1.2.2 PYRIMETHAMINE... ... ... ... ........... .......... ...... ...... .......... ..... 70 

3.3.2 CONCLUSION................................................................. 72 

3.4 STUDY LIMITATIONS........................................................ 73 

4.1 FOLATE. ............ ........ ... ........ ....... ...... ... ......... ... ......... 76 

4.1.1 DRIED BLOOD FOLATE ASSAY DEVELOPMENT. . . . . . . . . . . . . . . . . . . . . .. .. 76 

4.1.2 MATERIALS AND METHODS............................................... 76 

4.1.3 ELUTION OF DBS FOR FOLATE AND HAEMOGLOBIN 77 

4.1.4 RESULTS............ ... ... ...... ............... ..... .... ... ......... ... ... ... 78 

4.1.5 FOLATE AND THE IN VIVO PYR-SDX EFFICACY STUDY. . . . . . . . . . . . . . . 79 

4.1.6 RESULTS .................................. .... 80 

4.1.7 RESULTS 

4.1.8 DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . .. . . . . . . . . .. . . . . . ... 85 

4.1.8.1 ASSAY DEVELOPMENT........................... ......................... 85 

4.1.8.2 PYR-SDX EFFICACY STUDIES............................................. 87 

4.2 PARAAMINOBENZOIC ACID............................................... 90 

4.2.1 PABA ASSAY DEVELOPMENT. . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . ..... 90 

4.2.2 MATERIALS AND METHODS............................................... 91 

4.2.2.1 REAGENTS................................................................... 91 

4.2.2.2 APPARATUS...... ...... ..... .... ...... ... .... ........ ... ......... ............ 91 

4.2.2.3 PABA EXTRACTION AND ANALySIS...................................... 92 

4.2.3 STATISTICAL ANALYSIS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 93 

4.2.4 RESULTS..................................................................... 93 

4.2.5 DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 98 

4.3 STUDY LIMITATIONS..................................................... 99 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5.1 DISCUSSION.................................... ............................................. 102 

5.2 SIGNIFICANCE OF THESIS RESULTS...... ......... ...... ...... ......... ............ 105 

5.2.1 NUTRlTION AND ANTIFOLATE EFFICACy ... ,............................................... 105 

5.2.2 MOLECULAR MARKERS OF RESISTANCE ......... ..................... ..................... 105 

5.2.3 MALARIA VECTOR CONTROL PROGRAMMES............ ..................... .............. 106 

5.2.4 CHEMOTHERAPEUTIC MANAGEMENT OF MALARlA. ... ... ... ... ... ... ... ... ...... ... 107 

5.2.5 OF DRUG ASSAY PROCEDURES............................... 107 

5.3 FUTURE RESEARCH WORK......................................................... 108 

•••••••••••••••••• 110 



Univ
ers

ity
 of

 C
ap

e T
ow

n

INTRODUCTION 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

INTRODUCTION 

", .. ",neT to a recent 

one are 

cases occur 

are most 

IS 

not 

a 

llUll-[JIU1Ut::j!,I""",,,,vl'" IS an envu'Onlerltal 

1 

to Clr'CUlnv'ellI 

2 






























































































































































































































































