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Plasmodium falciparum: Evaluation of a quantitative 

nucleic acid sequence-based amplification assay to 

predict the outcome of sulfadoxine–pyrimethamine 

treatment of uncomplicated malaria 
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Summary 

A quantitative nucleic acid sequence-based amplification (QT-NASBA) assay 

was employed to predict retrospectively the outcome of sulfadoxine–

pyrimethamine (SP) treatment of uncomplicated malaria in children aged <6 

years in an endemic region. Blood samples were collected at initial diagnosis and 

during follow-up. Mutation-specific nested PCR methods to analyse DHFR (Arg-

59) and DHPS (Glu-540) mutations that are associated with SP drug resistance 

were applied. Parasite genotyping was performed to distinguish between re-

infection and recrudescence. Eighty-six patients were recruited of which 66 were 

available for follow-up. Nine children were classified as early treatment failure, 13 

cases were classified as late clinical failure, 32 as late parasitological failure, and 

only 12 children had an adequate clinical and parasitological response. DHFR 

and DHPS mutations conferring SP resistance were abundant in the Plasmodium 

population. Blood samples obtained 7 days after treatment were used to predict 

retrospectively the outcome of SP treatment. QT-NASBA was able to give a 

correct prediction of treatment outcome in 85.7% of the cases. Positive predictive 

value (PPV) of QT-NASBA case was 95% (95% confidence intervalD88.3–100) 

and negative predictive value (NPV) was 63% (95% CID39.5–86.5). In contrast, 

microscopy correctly predicted outcome in only 37.5% of the cases. PPV of 

microscopy was 100% (95% CID73.9–100) and the NPV was 25.5% (95% 

CID13.0–38.0). The analysis of a day 7 blood sample with QT-NASBA allows for 

the prediction of late clinical or parasitological treatment failure in the majority of 

the cases analysed in the present study.  
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Introduction 

It is estimated that Plasmodium falciparum malaria kills one to three million 

people per year, mainly children in developing countries [23]. According to the 

World Health Organisation early diagnosis and adequate treatment are the basic 

elements of any malaria control programme [23]. However, the control of malaria 

is increasingly compromised due to the occurrence of widespread resistance of 

P. falciparum against first-line and second-line anti-malarial drugs such as 

chloroquine (CQ) and sulfadoxine-pyrimethamine (SP) [12].  

In view of the widespread emerging drug resistance, laboratory techniques are 

becoming more important. First in initial diagnosis to prevent treatment with anti-

malarial drugs of patients with diseases other than malaria and subsequently 

during and after treatment to assess treatment efficacy. 

At present, the malaria parasite is routinely diagnosed by microscopy on blood 

films stained with Giemsa, Wright’s or Field’s stain [21]. This technique is cheap, 

easy-to-perform and allows counting of parasites, but blood film examination on 

samples from patients with low parasitaemia, as may be found after treatment, is 

also time consuming. At low levels of parasitaemia, the detection limit of 

microscopy (usually around 20 parasites per μl blood) and constraints on the 

time available for examination of the blood slide, may lead to false-negative 

results [6]. Alternative techniques, i.e. antigen detection methods, are fast and 

simple to perform, but not sensitive enough to detect low parasitaemia; i.e. <100 

parasites/μl [6,8]. Furthermore, some Plasmodium antigens, for example histidine-

rich protein II, persist after treatment, making it impossible to distinguish between 

past and present infection [8].  

The availability of a fast, sensitive, reliable and quantitative method for the 

detection of parasite survival during and after drug treatment would help clinicians 

to monitor and –if necessary- adjust the treatment regimen. Nucleic Acid 

Sequence-Based Amplification (NASBA) has proven to be a sensitive and specific 

assay in diagnostic microbiology [3]. A qualitative NASBA for the detection and 

semi-quantification of Plasmodium parasites has been established [18]. This 

qualitative NASBA has recently been further developed into a quantitative NASBA 
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(QT-NASBA), which allows for the quantification of P. falciparum over a wide range 

of levels of parasitaemia, 0.2 – 1x106 parasites/μl of blood, which is approximately 

100x more sensitive than conventional microscopy [16]. Preliminary research 

data suggest that NASBA can be used to monitor drug treatment efficacy and, 

perhaps more importantly, to predict treatment failure [18]. In particular, the 

NASBA count at day 7 could be a good predictor for treatment failure [13]. The 

use of QT-NASBA to predict late clinical or parasitological treatment failure was 

retrospectively assessed using blood samples collected at day 7 after SP 

treatment during a field study conducted in Kimbimbi (Mwea district), a malaria 

meso-endemic area in Kenya. 

 

 

Materials and methods 

Study site and design 

The Kenya Medical Research Institute (KEMRI, Nairobi, Kenya) Ethical Steering 

Committee approved the study. Patients were recruited with parental/guardian 

permission after they were provided with appropriate information about the 

purpose of the study. Patients, under 6 years of age, presenting to the outpatient 

clinic of Kimbimbi district hospital (Mwea region, Central Kenya, a meso-endemic 

malaria region) were enrolled in the study if they met the following criteria: 

uncomplicated P. falciparum malaria with initial parasitaemia between 1,000 to < 

200,000 parasites per μl of blood, axillary temperature ≥ 37.5 oC (measured with 

a clinical thermometer) or a history of fever, no effective anti-malarial intake as 

confirmed by urine testing for chloroquine, quinine or sulphonamides. 

Following diagnosis (at day 0), patients were treated with an appropriate dose 

(determined by the patient’s weight) of sulfadoxine-pyrimethamine (SP), and 

antimalarial efficacy was assessed using the WHO in vivo test. However, the 

follow-up period was extended with an additional 14 days, making day 28 the end 

point of the study [cf. 24]. Children developing danger signs or severe malaria on 

day 1 or 2 of the study were immediately withdrawn, referred to the hospital and 

given alternative treatment. Response to treatment was measured and defined 
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according to WHO guidelines [24] as early treatment failure (ETF), late clinical 

failure (LCF), late parasitological failure (LPF) or adequate clinical and 

parasitological response (ACPR).  

Patients showing complications or treatment failure were treated with appropriate 

second line drug and supportive therapy. At initial diagnosis (day 0) and during 

follow up (day 3, 7, 14, 21 and 28) blood samples were collected for microscopy, 

QT-NASBA and DNA analysis. 

 

Blood samples 

For microscopy, blood samples were collected onto microscope slides and 

stained with Giemsa’s stain. For QT-NASBA, 50 μl of blood was collected on day 

7 after treatment and mixed with 950 μl of guanidinium isothiocyanate (GuSCN) 

L6 lysis buffer and stored in liquid nitrogen until processed for RNA isolation. For 

DNA analysis, blood was collected as dry blood spots on Whatman 3M filter 

paper. 

 

Microscopy 

Microscopical examination of thick blood smears was used as ‘gold standard’ for 

comparison with the quantification of parasites in the QT-NASBA. Giemsa 

stained thick blood films were microscopically examined by two independent 

micoscopists (300 fields of the thick film at 1,000 x magnification) and the 

number of parasites was assessed. A post-treatment blood film which on 

microscopy shows gametocytes only is regarded as parasite-negative for 

purposes of clinical evaluation. 

 

Mutation specific PCR tests 

PCR-RFLP method was used to analyse DHFR (Arg-59) and DHPS (Glu-540) 

mutations that are highly associated with SP drug resistance [5] and was 

performed as described elsewhere [4]. 
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Genotyping 

In order to discriminate between re-infection (RI) and recrudescence (RE), 

merozoite surface protein 1 and 2 (msp1 and msp2) and glutamate rich protein 

(GLURP) genotyping was performed as described [19]. 

 

QT-NASBA 

Retrospective QT-NASBA analysis of the blood samples collected at day 7 after 

treatment was performed at KIT Biomedical Research according to the 

established standard protocol [16]. Before RNA extraction, 1X107 molecules of  

in vitro Q-RNA, which serves as an internal standard, were added to the blood 

sample/L6 lysis buffer mixture as competitor RNA. Next, nucleic acids were 

isolated from the blood samples with the GuSCN-silica procedure as described 

[2]. Two μl of the nucleic acid isolate was used in the QT-NASBA. The NASBA 

reaction was performed and parasite counts assessed as previously described 

[16]. A sample with a QT-NASBA count of  >1.0 parasite per μl is considered 

positive.  

 

Association between NASBA, microscopy and response to treatment 

The association between a positive or negative QT-NASBA or microscopy result 

on day 7 and subsequent success or failure of SP treatment was assessed and 

positive and negative predictive values of the employed tests were calculated at 

95% confidence intervals [1]. In the present study, the positive predictive value is 

defined as the proportion of cases with a positive test result at day 7 who showed 

a LCF or LPF during follow-up. The negative predictive value is for this purpose 

defined as the proportion of cases with a negative test result at day 7 who were 

defined as ACPR at the end of the study period. 
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Table 4.1 

 

Patient nr DHFR DHPS Response RI or RE 
 
NASBA day 7 

Microscopy day 
7 

 
K04001 Mutant Mutant LPF RE 1 0 
K04002 Mutant Mutant LPF RE 1 0 
K04003 Mixed Mutant LPF RI/RE 1 0 
K04004 Mutant Mixed LPF RI/RE 1 0 
K04005 Wild type Mixed ACPR  0 0 
K04006 Wild type Wild type ACPR  0 0 
K04007 Mutant Mutant LPF RE 1 0 
K04008 Mutant Mutant LPF RI/RE 1 0 
K04009 Mixed Mutant LPF RI 0 0 
K04010 Wild type Mutant ETF RI/RE   
K04011 Mutant Mutant LCF RE not done 0 
K04012 Wild type Mixed ACPR  0 0 
K04013 Wild type Mutant LCF RI/RE 1 1 
K04014 Mutant Mutant LPF RI/RE 1 1 
K04015 Wild type Mutant ETF    
K04016 Mutant Mutant LPF RE 1 0 
K04017 Mutant Mutant LCF RI/RE 1 0 
K04018 Mutant Mutant LPF RI/RE 1 0 
K04019 Mutant Mutant LPF RE 0 0 
K04020 Mixed Mutant LCF RE 1 0 
K04021 Mutant Mutant LCF RI/RE 1 0 
K04022 Mixed Mutant ETF    
K04023 Mixed Mixed LPF RI 1 1 
K04024 Mixed Mutant LCF RE 1 0 
K04025 Mutant Mutant LPF RI/RE 1 0 
K04026 Mutant Wild type ACPR  1 0 
K04027 Mixed Mutant LCF RI/RE 1 0 
K04028 Mixed Mutant LPF RI/RE 1 0 
K04029 Mutant Mutant LPF RE 1 0 
K04030 Mutant Mutant LPF RE 1 0 
K04031 Mixed Mixed ACPR  1 0 
K04032 Mixed Mutant LCF RI 1 0 
K04033 Mutant Wild type LCF RI 0 0 
K04034 Mixed Mutant LPF RI 1 0 
K04035 Wild type Wild type ACPR  0 0 
K04036 Mutant Mutant LCF RI/RE 1 1 
K04037   VOLUNTARY WITHDRAWAL  
K04038 Wild type Mutant LPF RI/RE 1 0 
K04039 Wild type Mutant LPF RI 1 1 
K04040 Mutant Wild type LPF RI 0 0 
K04041 Mutant Mixed LPF RE 1 0 
K04042 Mutant Mutant LPF RE 1 0 
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Table 4.1 continued 
 
      

Patient nr DHFR DHPS Response RI or RE 
 
NASBA day 7 

Microscopy day 
7 

K04044 Mutant Mutant LCF RI 0 0 
K04045 Mutant Mutant ETF    
K04046 Wild type Wild type ACPR  0 0 
K04047 Mixed Mutant LPF RE 1 0 
K04048 Wild type Mutant ACPR  0 0 
K04049 Mutant Mutant LPF RI/RE 1 0 
K04050 Mutant Mutant LPF RI/RE 1 1 
K04051 Mixed Mutant LPF RI 1 1 
K04052 Mixed Mutant LPF RI/RE 1 0 
K04053 Mixed Mutant LPF RI/RE 1 0 
K04054 Mutant Wild type ACPR  0 0 
K04055 Mixed Mutant LPF RI/RE 1 0 
K04056 Mutant Mixed ETF RE   
K04057 Mixed Mutant ACPR  0 0 
K04058 Wild type Mutant ETF    
K04059 Mutant Wild type ACPR  0 0 
K04060 Mutant Mutant ACPR  0 0 
K04061 Mixed Mutant LPF RI/RE 1 0 
K04062 Mutant Mixed LPF RI 0 0 
K04063 Mutant Mutant ETF RE   

K04064 Mutant Mutant LCF RI/RE 1 0 
K04065 Mutant Mutant LCF RI/RE 1 1 
K04066 Wild type Mixed LOST TO FOLLOW-UP  
K04067 Mutant Mutant LPF RI/RE 1 1 
K04068 Mixed Mutant ETF    
       
 

The results of mutation specific nested PCR methods to analyse antifolate-associated mutations 

in dihydrofolate reductase (DHFR) and dihydropteorate (DHPS) are expressed as wilde-type 

(mutation sequence not present), mutant (mutation sequence present) or mixed. The therapeutic 

efficacy of treatment with sulphadoxine-pyrimethamineis listed under response and expressed as 

either early treatment failure (ETF), late clinical failure (LCF), late parasitological failure (LPF) or 

adequate clinical and parasitological response (ACPR). The data of genotyping to distinguish 

between re-infection and recrudescence are listed under RI and RE. RI = re-infection, RE = 

recrudescence and RI/RE = mixture of re-infection and recrudescence. The results of QT-NASBA 

on day 7 or microscopy on day 7 are expressed as 0 = QT-NASBA or microscopy negative on 

day 7, 1= QT-NASBA or microscopy positive on day 7. 
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Results 

In total 68 patients that were infected with P. falciparum, as detected by 

microscopy, were enrolled in the present study during the 2 weeks recruitment 

period. Typically, patients microscopically negative for P. falciparum had 

respiratory tract infections, schistosomiasis, P. malariae infections or other 

undefined fevers. One child voluntarily withdrew from the study for unknown 

reasons and another child was lost to follow-up. 

 

Treatment efficacy 

Of the 66 children that were followed up after initial diagnosis and treatment, 9 

children were classified as ETF. Seven ETF cases developed danger signs of 

severe malaria on day 1 or 2 of the study and were treated with quinine. Two 

other ETF cases had a parasitaemia on day 3 which was  >25% of the count of 

day 0 and were subsequently offered alternative treatment. Thirteen cases were 

classified as LCF and 32 as LPF (see Table 4.1). Only 12 children had an ACPR. 

 

Correlation between the presence of mutations conferring drug resistance 

and treatment efficacy 

DHFR59 and DHPS540 mutations conferring SP resistance were abundant in the 

Plasmodium population (Table 4.1). The results of the mutation-specific nested 

PCR methods indicate that only 3 samples, all ACPR, had the wild-type 

sequences at DHFR59 and DHPS540. Twenty-five samples had both mutant 

sequences, 19 samples had mixed wild-type and mutant forms at DHFR59 

combined with mutant sequence at DHPS540. Less frequent were wild-type 

sequence at DHFR59 combined with either mutant sequence at DHPS540 (7 

samples) or  mixed wild-type and mutant forms at DHPS540 (2 samples). Five 

samples had the mutation at DHFR59 combined with wild-type sequence at 

DHPS540 and 4 samples had DHFR59 mutation combined with mixed wild-type 

and mutant sequence at DHPS450. Only 1 sample had both mixed wild-type and 

mutant sequences at DHFR59 and DHPS540, whilst none of the samples had a 

mixed sequence at DHFR59 combined with wild-type DHPS540. 
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Genotyping  

PCR genotyping to distinguish between re-infection (RI) and recrudescence (RE) 

was performed on 3 ETF cases and all late treatment (either clinical or 

parasitological) failures. Two ETF cases were classified as RE and 1 as a mixed 

RI/RE. The remaining 6 ETF cases were not genotyped. Within the late treatment 

failures, 10 cases were classified as RI, 13 as RE and 22 as mixture of RI/RE 

(Table 4.1). 

 

Association between NASBA, microscopy and response to treatment 

QT-NASBA analysis was retrospectively performed on blood samples collected 

at day 7 after treatment. All ACPR, LCF and LPF samples could be analysed, 

with the exception of 1 LCF case, due to inhibition in the NASBA reaction. The 

ETF samples were not analysed as a day 7 sample was in most cases not 

available. In total 56 day 7 samples were thus analysed with QT-NASBA.  

The association between a positive or negative QT-NASBA or microscopy result 

on day 7 and subsequent success or failure of SP treatment is presented in 

Table 2 and 3, respectively. If the day 7 QT-NASBA result is taken as a 

predictive value for treatment outcome (i.e. NASBA negative on day 7 = ACPR; 

NASBA positive on day 7 = LCF or LPF) then a correct prediction was made in 

48 cases (85.7%) of the total number of cases (n = 56). Ten of the 12 ACPR  and 

38 of the 44 LCF or LPF were correctly predicted by NASBA. The positive 

predictive value (PPV) of QT-NASBA in this case was 95%  (95% confidence 

interval =  88.3 – 100). The negative predictive value of QT-NASBA is calculated 

to be 63% (95% C.I. =  39.5 – 86.5).  

In contrast,  positive or negative microscopy on day 7 resulted in a correct 

prediction of treatment outcome in only 21 cases (37.5%). All 12 ACPR were 

correctly predicted, but 35 wrong predictions were made in the case of LCF or 

LPF. The PPV of microscopy was 100% (95% C.I. = 73.9 - 100) and the NPV 

was 25.5% (95% C.I. = 13.0 – 38.0).  
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Table 4.2SrRN 

A g 

 
 Outcome of treatment 
 
Result of NASBA 
 
Positive at day 7 
Negative at day 7 
Total 

 
Failure 
 
38 
6 
44 

 
Success 
 
2 
10 
12 

 
Total 
 
40 
16 
56 

 
PPV of NASBA = 0.95; NPV of NASBA = 0.63 
 

Relation between NASBA result at day 7 after treatment and the outcome of treatment (success = 

adequate clinical and parasitological response; failure = late parasitological or clinical failure. ) 

 
 
 
 
Table 4.3SrRN 

 

 

Relation between microscopy at day 7 after treatment and the outcome of treatment (success = 

adequate clinical and parasitological response; failure = late parasitological or clinical failure. ) 

 
 Outcome of treatment 
 
Result of microscopy 
 
Positive at day 7 
Negative at day 7 
Total 

 
Failure 
 
9 
35 
44 

 
Success 
 
0 
12 
12 

 
Total 
 
9 
47 
56 

 
PPV of NASBA = 1.0; NPV of NASBA = 0.25 
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Discussion 

Perhaps the most striking observation of the present study is the poor adequate 

clinical and parasitological response (ACPR) of the study group to treatment of 

uncomplicated falciparum  malaria with sulfadoxine-pyrimethamine (SP). Twelve 

children (18%) could be classified ACPR. In contrast, 9 children (14%) had an 

early treatment failure (ETF) for which immediate alternative treatment was 

needed and the remaining 45 patients (68%) were classified as either late clinical 

(LCF) or late parasitological failure (LPF). Mutations conferring SP resistance 

were present in all patients failing treatment. This confirms observations of Kublin 

et al. [5] that mutations in DHFR (Arg-59) and DHPS (Glu-540) are highly 

associated with SP drug resistance. Nine out of the 12 ACPR cases had 

mutations in either DHFR and/or DHPS, but were still able to control the disease. 

In these cases, potentially resistant parasites were most likely cleared from the 

patients by a combination of acquired immunity and drug treatment [10]. In 

Kenya, SP has replaced chloroquine as first-line drug for the treatment of 

uncomplicated malaria, but selection of parasites resistant to the drug is evident 

[see review 17], and the clinical effectiveness of this combination is decreasing 

[9,10, this study]. The rapid evolution of SP resistant P. falciparum is a public 

health disaster, because inexpensive alternatives are currently not available 

[7,9].  

The management of malaria would benefit from the availability of a sensitive test 

for the detection of parasite survival during drug treatment. Such a test will help 

clinicians to make treatment decisions and to improve patient management. In 

the present study, analysis of a day 7 blood sample for the presence of SP 

treatment surviving P. falciparum with quantitative nucleic acid sequence based 

amplification (QT-NASBA) assay appeared to adequately predict late clinical or 

parasitological treatment failure in the majority of cases. A positive QT-NASBA 

test on day 7 implies a high risk for late treatment failure, whereas a negative 

QT-NASBA test on that day is a rather good indication for success of treatment.  

The results of NASBA testing would even be better if the applied assay would be 

able to make a discrimination between re-infection and recrudescence, which is 
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at present beyond the possibilities of the test. If the data obtained with the 

apparent re-infections are omitted from analysis (= 10 samples), i.e. only RE and 

RE/RI are taken into account (= 46 samples), the QT NASBA made a incorrect 

prediction in 2 ACPR cases and 1 LPF case (93.5% correct predictions). In 

contrast, microscopy would only make 18 correct predictions ( 39.1 %) if 

apparent re-infections are excluded from the analysis.  

A limited number of ACPR cases (12) were followed-up in the present study and 

QT-NASBA predicted in 2 cases a possible treatment failure in this group. The 

two ACPR cases that were found positive on day 7 with QT-NASBA were 

gametocyte carries. It is well established that treatment with SP can induce 

gametocytogenesis [20] and this may limit the application of QT-NASBA for the 

prediction of SP treatment outcome. However, in a previous study in which all 

treated cases showed ACPR, QT-NASBA found all day 7 samples negative [14], 

but these patients were not  treated with SP. The QT-NASBA assay applied in 

the present study is based on the detection of 18S rRNA, that is expressed by all 

developmental stages of the parasite [16]. The recently developed sexual stage 

specific QT-NASBA [16] will make it possible, in combination with currently 

applied assay, to quantify separately all developmental stages of P. falciparum 

present in the circulation. 

The possible application of NASBA technology for the prediction of LPF and LCF 

in places where most of the malaria cases are diagnosed, i.e. a simple laboratory 

environment or under field conditions in rural Africa, is limited. At present, the 

detection of NASBA amplification products takes place at the end of the process 

using electro-chemiluminescence (ECL). In molecular diagnostics, the search for 

increased detection sensitivity combined with a simple detection system is an 

ongoing challenge [22] and would ultimately lead to the feasibility of introducing 

molecular tools in developing countries. However, even if these technological 

obstacles are circumvented, the high costs of this type of technology remains an 

issue. This should, however, not prevent the application of NASBA technology in 

clinical trial settings and academic hospitals [14]. Sentinel sites, such as those in 



  76 

the EANMAT network, could use this technique (perhaps in a simplified version), 

to monitor the choice and efficacy of first line antimalarial drugs. 
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