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INTRODUCTION 

vaccme development difficult. Drugs widely used in Africa for the treatment of 

malaria include the quinoline antimalarials (quinine, chloroquine, mefloquine and 

halofantrine) and the antifolate drugs, sulfadoxine (SDX) and pyrimethamine (PYR). 

MALARIA StTUATJON 

Figure 1 World Map showing parts of the world bearing the largest burden of malaria 

associated morbidity and mortality. Map was taken from WHO/CTD, 1997. 

Currently due to the spread of antimalarial drug resistance, alternatives to commonly 

used drugs being considered for the management of uncomplicated and severe malaria 

include atovaquone-proguanil, and artemisinin derivatives (artesunate, artemether, 

arteether, and dihydroartemisinin) in combination with other drugs such as 

tetracycline, doxycycline or mefloquine. For instance in Thailand, artesunate plus 

mefloquine or artemether plus lumefantrine or quinine plus tetracycline are being used 

in the treatment of uncompl icated malaria (120,121). 
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Digests for each codon were performed separately. 5 ~L of the the product from the 

secondary reaction was digested with 1 unit enzyme overnight at 37°C in a total of 20 ~L 

Gel picture 1. Results of a falciparum dihydropteroate synthatase gene digest with FokI. 

The enzyme cut only the mutant DHPS allele. 

Gel picture 2. Results of a peR analysis of the Plasmodium Jalciparum dihydropteroate 
synthetase gene (codon 437) for single amino acid changes using Allele-specific restriction 
analysis (ASRA) with A V All. Isolates numbered 3, 4, 5 and 6 are the positive and negative 

22 
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10 Mangochi • Dedza I 

Fig 2.1 Parasitological outcomes for two areas differing in transmission intensity: Dedza 

(low transmission, N=46) and Mangochi (high transmission, N=122). Parasitological 

outcomes were based on a 28-day follow-up as defined by the WHO (Monitoring 

antimalarial resistance 2001, Geneva, Switzerland). ACPR =Adequate clinical and 

parasitological response. LPF =late parasitological failure. LCF=late clinical failure. 

ETF = Early treatment failure 

2.3.1.2 wtlo 14-day efficacy 

51 and 166 patients were enrolled in Dedza artd Mangochi respectively. In Mangochi 144 

of the 166 (86.7%) enrolled participants completed 14 days of follow up. 21 participants 

(12.7%) were lost to follow up and 1 (0.60%) withdrew due to protocol violation. In 

Dedza, 47 of the 51 (92.2%) completed 14 days of follow up, 3 (5.9%) were lost to 

follow up and 1 (2%) withdrew consent to continue in the study. Figure 4.7 (Chapter 4) is 

a summary of the above information. 

Based on the 14 day efficacy (fig 2.2) 129 (representing 90%, N=144) and 37 

(representing 78%, N=47) individuals were cured with no subsequent parasitemia during 
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14 days of follow-up in Mangochi and Dedza respectively. The 14-day ACR rate was 

higher in Mangochi than Dedza (P< 0.00001). At both sites there were no children who 

met the criteria of early treatment failure (ETF) after the initial PYR-SDX therapy. On 

the other hand 15 (10.4%, N=144) children met the criteria for late treatment failure 

(LTF) in Mangochi and 9 (21 %, N=43) met this criteria in Dedza. Figures 2.2 and 2.3 

summarize the 14-day efficacy findings in Mangochi and Dedza respectively. 

100 

80 

60 

40 

20 

o 
ACR ETF LTF 

Dedza 0 Mango<iliO 

Fig 2.2 In vivo PYR-SDX efficacy findings in Mangochi, Malawi: June - September 

2000 (N= 144) and efficacy findings in Dedza, Malawi: August - October 2000 O\J"=51). 

Clinical efficacy was based on the WHO 14-day definition. 

Children (46 in Mangochi and 9 in Dedza) who failed the initial PYR-SDX treatment 

between day 21 and 28 were retreated with the same drug at the time when they were 

determined to be parasitemic again. Figure 2.3 shows the efficacy results following 

retreatment with the same drug. Resistance to PYR-SDX increased from 10% at the first 

treatment to 43% after retreatment in Mangochi and from 22% to 78% in Dedza. 

Following retreatment with PYR-SDX, early treatment failures observed at a rate of 2% 

in Mangochi and at a much higher rate, 11 %, in Dedza. 
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100 
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• Second Rx Dedza • Second Rx Mang~c~ 

Fig 2.3 Results of in vivo PYR-SDX efficacy following retreatment with the same drug. 
Mangochi, N = 46 and Dedza N = 9. Clinical efficacy was based on the WH014-day 
definition. 

2.3.2 DHFR and DHPS genotypes 

For quick visual comparison of the numbers, percentage prevalence of single nucleotide 

polymorphisms described below are reported in the summary table below 

DEDZA MANGOCHI 
Prevalence (%) of 
single nucleotide 
polymorph isms Mutant Wild+Mutant Wild Mutant Wild+Mutant Wild 
SI08N 69 31 0 66 34 0 

N51I 79 19 2 68 32 0 

C59R 81 17 2 55 44 

I164L 0 0 100 0 0 100 

K540E 74 7 19 86 11 4 

A437G 70 II 83 13 5 

The prevalence of single amino acid changes at defined codons of the dihydrofolate 

reductase and dihydropteroate synthatase genes in isolates from Mangochi and Dedza 

malaria patients. 
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100 

80 74 
64 61 

73 

60 

40 

20 

0 

Mangochi Rx1 Dedza Rx1 

10 DHFR triple . DHFR/DHPS quintupiiJ 

Figure 2.4 Prevalence of DHFR triple and DHFRlDHPS quintuple mutant infections at 

time ofinitiaJ treatment. Dedza, N=33; Mangochi, N=61. 

The prevalence of the triply mutant DHFR (Sl08N+CS9R+NS11) and the DHFRlDHPS 

quintuple mutant (S 1 08N+CS9R+NSll+ A437G+KS40E) was similar between Dedza 

and Mangochi (73% vs 74%, P=O.91; 61% vs 64%, P=O.86 respectively. See figure 2.4). 

Significant PYR-SDX selection for the triply mutant DHFR [P=O.002] and the quintuple 

mutant [P<O.001] was observed in Mangochi (Figure 2.S) and not Dedza (Figure 2.6) 

probably due to the small sample size. It was, however, apparent that even in Dedza there 

was a trend towards a higher proportion of resistant DHFRlDHPS genotypes in post 

treatment compared with pretreatment isolates. 
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100·r-~~~~~~~ 
80 67 
60 
40 
20 
o -t---'----'---

DHFR triple DHPS double 

P=O.002 P=O.389 

DHFRlDHPS 
Quintuple 

P<O.OOI 

o Before treatment 
~arasite r~pp~~rance2 

[J Parasite reappearance1 

Figure 2.5 Pyrimethamine-sulfadoxine selection of resistant Pfalciparum DHFRfDHPS 

genotypes in Mangochi. Parasite reappearance2 represents infections that cleared 

following second PYR-SDX treatment and subsequently reappeared. 

1 0 Before treatment 0 Parasite reappearance1 • Parasite reappearance2 , 

100 
80 
60 
40 
20 
o -, 

DHFR triple DHPS double 

P=1.0 P=O.396 

DHFRJDHPS 
quintuple 

P=O.396 

Figure 2.6 Pyrimethamine-sulfadoxine selection of resistant Pfalciparum DHFRfDHPS 

genotypes in Dedza. Parasite reappearance2 represents infections that cleared following 

second PYR-SDX treatment and subsequently reappeared. 
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Conf. ] 

Folate 1.5 1. 082469 1.975078 0.013 

DayO Hb 1.6 .287132 8.508683 0.61 

Parasitemia 1.0 .9991995 1. 000574 0.75 

32 1.190903 855.2582 0.039 

PYR 0.99 .977l359 .9978644 0.018 

SDX 0.98 .9674991 1.002672 0.096 

Quintuple 0.0031 .0000419 .2321856 0.0091 

DHPS 0.86 .0233219 32.00632 0.94 

DHFR 0.00016 6.67e-11 373.1028 0.24 

Site 6.0 x 1 73.04442 4.96e+13 0.010 

Sex 17 1.684966 179.6801 0.016 
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22.27 (n=19) 4.097 
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Residual AUC AUMC Weight 

0.0000 0.0000 
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-2.470 580.9 3791. 1. 000 
1. 697 760.5 6851. l. 000 
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Figure 3.4e Blood sulfadoxine concentration-time profiles for ACR (solid line) and TF 

(dashed line) subjects. Some patients wete retreated with PYR-SOX on day 21 and that is 

why drug levels rise after day 21. ACR represents subjects with ah adequate 

parasitological and clinical response (ACPR). TF represents subjects who had a late 

tteatment failure outcome (L TF). 
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~sq=O.9814 Rsq_adjusted=O.9721 HL_Lambda_z=65447 (day: 
(4 points used in calculation) 

100 
50 
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1 I ' I I i I • I 

o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 

Time (day) 

-e- Observed - Predicted 

Fig 3.5 Semilogarithmic plot of the blood sulfadoxine concentration-time data reported in 

Surrunary Table 1 (Dedza, n = 35). 
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Fig 3.6 Semi logarithmic plot of the blood sulfadoxine concentration-time data reported in 

Surrunary Table 2 (Mangochi, n=98) 

60 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AUCinf 
(ug 

±SE 
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827 ± 54.5 6.65 ± 90 ± 7.20 75 ± 4.9 

ACPR 932 ± 100 7.15±1.l7 79 ± 6.52 77 ± 6.6 

LTF 888 ± 78.9 6.41 ± 0.619 69 ± 6.27 69 ± 6.6 
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Figure 3.7 SDX blood concentration-time profile for female (F) and male (M) patients 

with Pfalciparum W1co~plicated malaria following standard PYR-SDX oral therapy. 

3.2.2.2 PYlUMETHAMINE 

Since beyond day 7 post-therapy PYR concentrations tended to fall below the assay limit 

of quantification (Figure 3.1 in section 3.1.5), day 3 was used to assess potential 

differences in blood concentrations of the drug between subjects and between sites. Of 10 

randomly selected cases, only 7 had detectable PYR concentration both on day 3 and 7 

(see surtuhary Table 3 below). Thus, with only two concentration-time data points, 

reliable estimation of the PK parameters Kel, t1/2 and extent of drug exposure (AUCO-inr) 

for PYR, as was done with SDX, became impossible. 

Summary Table 3 
Time (day) Cone. Pred. Residual AUC AUMC Weight 

0.0000 0.0000 0.0000 0.0000 
3.000 * 247.7 259.2 -11.47 371. 6 1115. 1. 000 
7.000 * 83.46 77.73 5.731 1034. 3770. 1. 000 
14.00 * 9.205 9.446 -0.2412 1358. 6265. 1.000 
21. 00 0.0000 1390. 6716. 

Blood pyrimethamine concentration-time data for 7 patients from Mangochi 

Starred (*) values were included in the estimation of the terminal elimination phase. 
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Average day 3 PYR concentrations did not differ (P=0.84) between sites (irrespective of 

treatment outcome): Dedza 243 ± 31.0 ng/ml, 95% CI 179 - 307, N= 29 and Mangochi 

234 ± 15.9 ng/ml, 95% CI 202 - 266, N=75. In Dedza, ACRs achieved similar day 3 

PYR concentrations compared with LTFs (228 ± 34.6 ng/ml, 95% CI 155 - 300, N=9 

versus 276 ± 65.3 ng/ml, 95% CI 125 - 427, P=0.48, N=20 respectively). Similarly, 

Mangochi ACPRs exhibited similar day 3 PYR concentrations compared with TFs (264 ± 

27.5 ng/ml, 95% CI 207 - 320 versus LTFs 211± 18.4 ng/ml, 95% CI 174 - 248, P= 0.10, 

N=75 respectively). 

Figures 3.8(a) and 3.8 (b) illustrate the interindividual variation on measured day 3 PYR 

concentrations. The concentration of PYR apparently declined with a first order process 

as illustrated by the semi logarithmic plot of the concentration-time data for the 4 subjects 

for whom measurements were done (Figure 3.9). 
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Figure 3.8 (a) Blood PYR levels dotplotted by treatment outcome (Dedza and Mangochi 

combined). LTF=Late treatment failure (N=69), ACPR= sensitive treatment outcome or 

adequate clinical and parasitological response (N=58). The plus-lines mark the mean 

PYR level for each outcome group. Each dot represents an individual subject. 
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Figure 3.8 (b) Blood PYR levels dotplotted by site (irrespective of therapeutic outcome). 

The plus-lines mark the mean PYR level for each site. Each dot represents an individual 

subject. N=36 and N=95 for Dedza and Mangochi respectively. 
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Figure 3.9 Semi logarithmic plot of the blood pyrimethamine concentration-time data 

from 4 malaria patients in Mangochi. See concentration-time data in Summary Table 3. 

Patients received a standard oral dose of pyrimethamine-sulfadoxine. 
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Outcome Folate hbdO Sex Par Age PYR SDX 

-------------+---------------------------------------------------------------------
Rx Outcome I 1.0000 

Folate* I 0.2396 
OayO Hb I 0.0186 

Sex*1 0.3157 
Parasitaemia I -0.0767 

Age I -0.1245 
PYR* I -0.161 
SDX* I -0.1482 

1.0000 
0.1263 

-0.0123 
0.0953 
0.1088 

-0.0567 
0.1360 
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Parasitemia 1.0 .9991995 1. 000574 0.75 

32 1.190903 855.2582 0.039 

PYR 0.99 .9771359 .9978644 0.018 

SDX 0.98 .9674991 1. 002672 0.096 

Quintuple 0.9969 .7678144 .9999581 0.0091 

DHPS 

DHFR 

Site 

Sex 

0.86 .0233219 32.00632 0.94 

0.00016 6.67e-ll 373.1028 0.24 

6.0x 106 73.04442 4.96e+13 0.010 

17 1.684966 179.6801 0.016 

,."ncr",e,e.£,.n """' y co .... , for association between different 
variables Of the 105 cases who had all data on 

from aH~~V""11I had no COITe~;pondl 
records in the case record forms. These cases could not be used in the multivariate 
led to n=71 for that purpose. Low iron/haematocrit status has been correlated with 
clearance time in malaria Thus the fact that folate may enhance it 
was to include an to see a clear effect of folate on 
treatment failure. The odds ratio for for age 2: 2 years 
and for the presence of the QUlntulPle. 
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Chapter 4 Host-blood folate levels and in vivo P. Jalciparum Fansidar™ Resistance 
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Figure 4.S(b) The HPLC trace for PABA (8.5 min.) and PAHA (paraaminohippuric acid, 

6.9 min) in acetonitrilell HSA (50:50, v/v, pH 2.68) solvent system. This was obtained by 

injection of 100~1 ofa 1 ~g/ml each of PABA and PAHA onto a 5~m C8 (Haisil) reverse 

chromatographic column. PAHA (RT=5.5 min.) did not interfere with PABA analysis 

under the buffer conditions used. 
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500.0 74 79 74 

250.0 80 87 74 

125.0 88 91 85 

62.50 106 100 77 

31.25 113 ND 67 

15.13 230 ND ND 
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