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Summary  

 

The laboratory diagnosis of malaria is usually done by microscopic examination 

of blood samples for the detection of Plasmodium parasites. There are several 

factors that influence the sensitivity as well as the specificity of microscopic 

examination, for example the experience of the microscopist and the level of 

infection (parasitaemia) of the patient. Several adaptations to microscopic 

examination and alternative technologies to circumvent the use of a microscope 

have been developed and are discussed in the general introduction chapter 1 of 

this thesis. 

 
Technologies based on molecular biology have been used in routine diagnosis 

for several parasitic diseases, most of them based on the recognition of DNA. 

With Nucleic Acid Sequence Based Amplification (NASBA), which is based on 

the detection of RNA, it is possible not only to quantify parasite load but also to 

detect and quantify stage specific targets. Previously, NASBA technology for the 

identification of Plasmodium falciparum and its gametocyte specific pfs25 target 

was described. Chapter 2 describes the development and evaluation of assays 

for the detection and quantification of the three other disease causing 

Plasmodium species; Plasmodium vivax, Plasmodium ovale, and Plasmodium 

malariae. These assays have shown to specifically and reliably identify and 

quantify the different species making the molecular diagnostic arsenal for malaria 

infections complete. In addition, these assays can be used in for example 

epidemiological studies. Chapter 3 describes the development and evaluation of 

an assay for the specific detection of P. vivax gametocytes. P. vivax is generally 

considered a parasite that gives rise to only mild disease but evidence is growing 

that it could also have a more malignant disease outcome. In this light the 

possibilities to gain more insight in transmission patterns of this species are 

relevant and the developed Pvs25 NASBA serves this purpose. Interestingly, the 

analysis shows that not all samples containing P. vivax parasites harbour its 

gametocytes. Whether this is due to late maturation of gametocytes, to a strain 
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specific phenomenon or  limitations of the developed assay, remains at present 

unclear and should be studied more extensively in the future.  

 
NASBA not only allows analysis of samples in a setting of patient care but is also 

a valuable tool in research. The high sensitivity allows for detection of parasites 

below the microscopic threshold. The advantage of this low threshold is 

demonstrated in chapter 4 in which the clinical and parasitological response to 

sulfadoxin-pyrimethamine treatment in Kenyan children was assessed. In this 

study a positive NASBA count on day 7 after the initiation of treatment predicted 

late treatment failure much better than expert microscopy. Lack of microscopic 

sensitivity forces many studies on the assessment of the efficacy of first-line 

antimalarials to follow patients for 28 days in order to assess late treatment 

failure. The implementation of assays such as NASBA could reduce follow up 

time dramatically.  

The high sensitivity of NASBA and its capacity to detect specific stages of the 

parasite also proved to be useful in the assesment of gametocyte development 

when patients were treated with an artemisinin drug. Although artemisinin 

combination treatments (ACTs) have shown to rapidly clear asexual stages of 

Plasmodium from the blood of infected patients and no difference could be found 

in the efficacy of artemether-lumefantrine (AL) and dihydroartemisinin-

piperaquine (DP), a clear difference between both drugs could be observed when 

the presence of gametocytes were analyzed during follow-up after treatment 

(chapter 5). In this study patients treated with DP harboured a higher proportion 

of gametocytes compared to AL treated patients. These findings could have 

implications in malaria control and should be taken into account when malaria 

control programs are developed.  

 
Above studies show the possibilities to use NASBA in research and possibly also 

in routine patient care. In spite of the higher sensitivity of NASBA compared to 

microscopy it is however the question if implementation of NASBA, particularly 

for endemic areas, should be favored. The additional value of molecular 

diagnostics in comparison with other routine diagnostic procedures, rapid 
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diagnostic tests (RDT) and microscopy, was studied in two endemic areas with 

different transmission intensity (chapter 6). NASBA detected more malaria 

patients than RDTs and microscopy, both in high and in low endemic areas. 

Moreover, the study showed that in high endemic areas the added value of 

molecular diagnostics is small because a very high percentage of patients is 

infected. In these areas good microscopy or, if that is not possible, use of RDT 

methods is a good alternative. In low endemic areas the added value is much 

higher and implementation of NASBA could be an improvement in patient care.  

  
Although NASBA is an isothermal reaction that in principle only uses a simple 

water bath at 41 ºC, it needs modern equipment that needs and consumes 

electricity and requires a sophisticated laboratory for the detection of the product. 

In many malaria endemic countries these prerequisites are not available, which is 

one of the reasons why the implementation of NASBA as a diagnostic tool is 

hampered. A simplification of the technology and the read- out system could aid 

the implementation of molecular diagnostics in endemic areas. With the 

application of Nucleic Acid Lateral Flow Immuno Assay (NALFIA) technology a 

start has been made towards the simplification of the read out system (chapter 

7). NALFIA is fast and sensitive and was evaluated in a peripheral out-patient 

clinic in Kenya where it was shown to work under field conditions. The current 

NALFIA detects DNA therefore this technology is not immediately applicable for 

NASBA. Once the system is translated to a NASBA detection system it will make 

molecular diagnostics accessible for endemic settings as well.  


