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Decreasing number of imported cases with malaria 

E. Rees et al. / Travel Medicine and Infectious Disease 17 (2017)  
De Gier et al.. Malaria Journal201716:60 



Keeping up expertise is becoming a problem 

• 250-350 positive cases in the Netherlands per year (de Gier 2017) 
 

• Radboudumc; 142 diagnostic requests; 91 patients in 2017 
• 14% positive 

• P. falciparum 5 
• P. ovale 2 
• P. vivax 2 

• P. malaria 1 
• Double infection (p.f, p.o) 1 
 

• 8 qualified technicians on call 24/7 
 

• All receive regular training 

 
 
NOT cost effective 



Many labs turn to RDT’s, but… 

• Non-sensitivity for all plasmodium species Inability to detect low level 

infections (less than 200 parasites per μl) 

• False positives 

 

 

 

v. Gool ECCMID 2017 



Solutions DNA based diagnostic techniques ? 

• PCR LoD as low as  0.5 – 5 parasites/ml  

 

BUT 

• Well trained technicians and expensive reagents  high costs 

• High profile and equipped laboratories  

• Prone to contamination and amplification of non-targeted DNA sequences 



Current guideline 

Fever  
Tropic travelling 

Thick / thin smear 

Negative 

Repeat up to 3x 
Consider alternative diagnosis 

Positive Parasitemia 

 Not serious malaria 
tropica  
< 2% 
no serious symptoms  
no schizonts 

Serious malaria tropica  
> 2%, > 5%, schizonts, serious symptoms  

Hospital / ICU admission 
iv treatment 

Out patient treatment 
Oral treatment 

species 

1-2 hrs 



Does molecular diagnostics fit in? 

Technical issues 

• Clinical and analytical sensitivity 

• Species determination (malaria tropica versus malaria tertiana / quartana) 

• Stage determination (trophozoites, schizonts, gametocytes) 

• Quantification 

 

Logistical issues 

• 24/7 

• Standardization and harmonisation of techniques within a laboratory 

• Run time 

• First diagnosis versus follow up 

 



Clinical versus analystical sensitivity 

Method Parasites / ml Parasitaemia 

QBC1,2 60.000 0,001% 

Thick smear1,2 20.000 0,001% 

RDT5 50.000 0,001% 

LAMP3,4 2000 0,0002% 

qPCR3,4 2-50 0,000002% 

Much depends upon input volume4 
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5. Adu-Gyasi et al. Assessing the performance of only HRP2 and HRP2 with pLDH based rapid diagnostic tests for 
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https://www.ncbi.nlm.nih.gov/pubmed/1566296


Detection limits of molecular tests 
• Volume of blood analysed 1 

• Copy number of the amplified molecular marker serving as the template 

for amplification2 

• Single- or low-copy 18S rRNA genes 

• Mitochondrial DNA higher number of copies 

1. Imwong M, Hanchana S, Malleret B, et al. High-throughput ultrasensitive molecular techniques for 
quantifying low-density malaria parasitemias. J Clin Microbiol 2014;52:3303–9. 

2. Gruenberg et al. Plasmodium vivax molecular diagnostics in community surveys: pitfalls and 
solutionsMalar J (2018) 17:55 



Roth et al., Molecular malaria diagnostics: A systematic review and meta-analysis Critical Reviews in Clinical 
Laboratory Sciences, Volume 53, 2016 - Issue 2  

qPCR versus microscopy 

Sensitivity 100% Specificity 93% 

18S rRNA gene  



Prepatent period ↓ (10,5  7 days) 
Due to higher sensitivity of qPCR  potential earlier treatment and less complications 

qPCR with threshold 100 p/ml 100% sensitivity 



Species determination is also possible 
 



Various molecular methods 

 



LAMP against microscopy /PCR 

Roth et al., Molecular malaria diagnostics: A systematic review and meta-analysis Critical Reviews in Clinical 
Laboratory Sciences, Volume 53, 2016 - Issue 2  

Sensitivity 98% Specificity 97% 

Sensitivity 96% Specificity 91% 



Illumigene 
-POCT ( 60 min) 

-LAMP assay 

-Positive / Negative 

-No differentian various plasmodia 

-Our results; Se 76% & NPW 68% 

-Use in follow up 1 ? 

1. Jarra W, Snounou G. Only viable parasites are detected by PCR following clearance of rodent malarial infections 
by drug treatment or immune responses. Infect Immun 1998;66:3783–7 

Threashold 678 p/ml 

LoD 21 p/ml 



Roth et al., Molecular malaria diagnostics: A systematic review and meta-analysis Critical Reviews in Clinical 
Laboratory Sciences, Volume 53, 2016 - Issue 2  

These assays circumvent the need for DNA extraction 

Direct-on-blood PCR 

Sensitivity 93% and Specifity 90% 



Moleculair diagnostics; what about parasite stages 

Fever  
Tropic travelling 

Thick / thin smear 

Negative 

Repeat up to 3x 
Consider alternative diagnosis 

Positive Parasitemia 

 Not serious malaria 
tropica  
< 2% 
no serious symptoms  
no schizonts, 
gametocytes 

Serious malaria tropica  
> 2%, > 5%, schizonts, serious symptoms  

Hospital / ICU admission 
iv treatment 

Out patient treatment 
Oral treatment 

species 

1-2 hrs 



Studie van Hellemond 

 



Gametocyte densities are correlated with parasite 

densities 

Tadesse et al. Malar J (2017) 16:99 

Part of what we measure by diagnostic qPCR is gametocytes. 
Currently we do not differentiate. 



What about schizonts ?  

Parasite development; temperature sensitive event;  
-37 oC trophozoites  schizont in 6 hour 
-Temperatures of 39,8 oC and 17,0 oC prevent trophozoites development 
 
Stage specific gene transcription during erythrocytic developmen; MAEBL and AMA-1 
expression indicates schizogony 
 
No studies in diagnostic practise, but is it important? 

Invasion 

oC 



Current guideline 

Fever  
Tropic travelling 

Thick / thin smear 

Negative 

Repeat up to 3x 
Consider alternative diagnosis 

Positive Parasitemia 

 Not serious malaria 
tropica  
< 2% 
no serious symptoms  
no schizonts 

Serious malaria tropica  
> 2%, > 5%, schizonts, serious symptoms  

Hospital / ICU admission 
iv treatment 

Out patient treatment 
Oral treatment 

species 

1-2 hrs 



Quantification of clinical samples not evident 

Relation is confounded by multicopy nature of rRNA genes, variable 
number of these genes and multinucleated schizont stages 

Farcas et al., JOURNAL OF CLINICAL MICROBIOLOGY, Feb. 2004, p. 636–638 



Nog een studie over quantificering 

 



PCR Plasmodium spp. Radboudumc 

Two multiplex RT-PCR’s: 

1) MAL1(P knowlesi(CY500), P vivax(FAM), P falciparum(HEX en PhHV 

2) MAL2 (P malariae CY500), P ovale curtisi (FAM) en P ovale wallikeri (HEX) 

 

PCR is run on a Roche FLOW system 

Day time routine 

Runtime; DNA isolation 4 hrs and Amplification 2 hrs, pre and post sample 

handling 

Threashold 20 parasites / ml 

 

Quantitative results 



No information on  schizonts, differentation above 2% needs a dilution step 

Quantification of clinical samples 



Time to diagnosis 

Antigen 
-POCT  
-Negative result  30 min 
-Positive result 30 min 
-Microscopic confirmation 90 min 

120 min 

Microscopy 
-Highly qualified technician 
-Negative result  30 min 
-Positive result 90 min 

-Plasmodium type 
-parasitemia 

90 min 

Illumigene 
-POCT 
-Negative result  60 min 
-Positive result 60 min 
-Microscopic confirmation 90 min 

150 min 

PCR 
-Highly qualified technician 
-Currently day-time diagnostics 
-Negative result  240 min 
-Positive result 240 min 

-Plasmodium type 
-parasitemia 

240 min 



Koninck et al. , Malar J. 2017 Oct 17;16(1):418 

1 hr 

1 hr 

4-6 hrs 

https://www.ncbi.nlm.nih.gov/pubmed/29041927
https://www.ncbi.nlm.nih.gov/pubmed/29041927
https://www.ncbi.nlm.nih.gov/pubmed/29041927


Guideline malaria diagnostics in molecular 

time? 
Fever  
Tropic travelling 

LAMP (Illumigene) 

Negative 

Repeat up to 3x 
Consider alternative diagnosis 

Positive qPCR  Not serious 
malaria tropica  
< 2, no clinic 

Serious malaria tropica  
> 2%, > 5%, schizonts, clinic  

Hospital / ICU admission 
iv treatment 

Out patient treatment 
Oral treatment 

? 
? 



Guideline malaria diagnostics in molecular time? 

Fever  
Tropic travelling 

Negative 

Positive qPCR (species) 

 Not serious malaria tropica  Serious malaria tropica  

Hospital / ICU admission 
iv treatment 

Out patient treatment 
Oral treatment 

Clinical score: 
- Children/pregnant women 
- Consciousness 
- Dyspnoe 
- Thrombocytopenia, anaemia 
- Lactate 
- Coagulation# 
- Kidney function, hemoglobinuria 
- Metabolic acidosis 
- Hypoglycemia 



Conclusions 

• 18S rRNA gene was the most frequently used target 

• Superior sensitivity, low LoD 
• Superior sensitivity in detecting mixed infections 
 

BUT 
• Guideline in non-endemic settings will have to be adjusted 

• Clinical score 

• Quantification 
• Gametocyte markers 
• How to do follow up 

 
 Clinical studies are needed 


