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Future?

• DNA isolation 1-6 

samples 15-20 minutes

• Reduce Your Run Times to 

Less Than 40 Minutes 

• Antigen test 15 minutes
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Plasmodium species specific PCR

P. falciparum P. ovale

P. vivax P. malariae

P. falciparum P. ovale

P. vivax P. malariae

Nested PCR targeting SSU rRNA gen

Sequencing of (partial) SSU rRNA gen



• Multiplex real-time PCR

• Plasmodium-species-specific forward primers and Plasmodium-specific reverse primer 

• An approx. 150-bp fragment Plasmodium-specific 18S sequences 

• Plasmodium-species-specific detection probes

• Detection limit 20 parasites/mL (tested for P. falciparum)

Plasmodium species specific PCR

Normal Po (two probes)

N: Nijmegen in duplo

Different results with different P. ovale probes
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• Type 1: P. ovale curtisi Christopher F. Curtis (1939–2008) 

• Type 2: P. ovale wallikeri David Walliker (1940–2007)

The geometric mean latency period in P ovale wallikeri was 40.6 days (95% CI 28.9 to 

57.0), whereas that for P ovale curtisi was more than twice as long at 85.7 days (95% 

CI66.1 to 111.1; p=0.002). 

Cross-reaction P. malariae PCR with other Plasmodium species?

• NCBI blast search probe sequence (18S)

– P. malariae

– P. malariae type 1 

– P. malariae type 2

– P. brasilianum

1316 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420(1316)

GACTAGGTGTTGGATGATAGAGTAAAAAATAAAAGGGACATTCATATATATGAGTGTTTCTTTTAGATAGCTTCCTTCAGTACCTTATGAGAAATCAAAGTCTTTGGGTTCPbras_AF130735 (530)

GACTAGGTGTTGGATGATAGAGTAAAAAATAAAAGAGACATTC----ATATGAGTGTTTCTTTTAGATAGCTTCCTTCAGTACCTTATGAGAAATCAAAGTCTTTGGGTTCPm_1_AF487999(1141)

GACTAGGTGTTGGATGATAGAGTAAAAAATAAAAGAAATATTCATATTAATGAGTATTTCTTTTAGATAGCTTCCTTCAGTACCTTATGAGAAATCAAAGTCTTTGGGTTCPm_AB489195(1068)

GACTAGGTGTTGGATGATAGAGTAAAAAATAAAAGAGACATTCATATATATGAGTGTTTCTTTTAGATAGCTTCCTTCAGTACCTTATGAGAAATCAAAGTCTTTGGGTTCPm_2_AF488000(1141)

GACTAGGTGTTGGATGATAGAGTAAAAAATAAAAGAGACATTCATATATATGAGTGTTTCTTTTAGATAGCTTCCTTCAGTACCTTATGAGAAATCAAAGTCTTTGGGTTCPm_AF145336 (530)

GACTAGGTGTTGGATGATAGTGTAAAAAATAAAAGAGACATTCTTATATATGAGTGTTTCTTTTAGATAGCTTCCTTCAGTACCTTATGAGAAATCAAAGTCTTTGGGTTCPm_M54897(1312)

-------------------------------------------------ATGAGTGTTTCTTTTAGATAGCT---------------------------------------Pmal89_XS_Q705 (1)

GACTAGGTGTTGGATGATAGAGTAAA-------------------------------------------------------------------------------------PmalF (3)

------------------------------------------------------------------------------------TTATGAGAAATCAAAGTCTTTGGGTT-PlasR (1)

Plasmodium malariae



The Microscopical Diagnosis of Human Malaria, 1963, Field et al

• Malaria parasites of primates resembling P. malariae

– P. hylobati (Java gibbon)

– P. inui (Asian macaque)

– P. giarardi (Madagascar lemur)

– P. brasilianum (Brazilian monkey)

• Malaria parasites of man through mosquitoes to monkeys or 

apes

– P. malariae (Laveran, 1881)

• Malaria parasites of lower monkeys through mosquitoes to man

– P. brasilianum (Gender & von Berenberg-Gossler, 1908)

• The high degree of DNA homology in the sequences of the 

SSUrRNA and msp1-like genes is consistent with other 

characterizations demonstrating a taxonomic relationship 

between P. brasilianum and P. malariae species. 

• Our results provide further evidence that P. brasilianum and 

P. malariae are virtually identical and should probably be 

considered to be a single malaria species.

• P. malariae = P. brasilianum
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Real-time P. falciparum PCR in pregnant women from Gabon (n=140) 

Akim Adegnika, Jaco J. Verweij et al

Malaria PCR in human volunteers studies

Method sensitivity

Thick blood film (expert) 50000   parasites/ml 0.001% 

Thick blood film (routine labs UK)* 500000 parasites/ml 0.01%

PCR (LUMC/Nijmegen) 20-50    parasites/ml 0.0000002%

* Milne et al.

Rob Hermsen et al



Plasmodium PCR Flores, Indonesia 2008

0%

20%

40%

4-9
n=213

10-14
n=181

15-19
n=151

20-29
n=158

30-39
n=197

40-49
n=253

50 >
n=263

P. falciparum % 2008

Low (Ct>35)

Moderate (30>Ct<35)

High (Ct<30)

Pf microscopy: 2.5%
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Plasmodium PCR Flores, Indonesia 2008

Pv microscopy: 0.7%

Pv PCR: 13.2%

Malaria PCR n=610 (% positives)

P. falciparum 85.6

P. ovale 4.3

P. malariae 9.2

P. vivax 0

85.6% of apparently healthy participants testing positive

All participants under 30 years of age testing positive

Multiplex real-time PCR for diagnosing malaria in a non-endemic 

setting: a prospective comparison to conventional methods

RHT Nijhuis, L. van Lieshout, JJ Verweij, ECJ Claas, E Wessels 

EJCMID in press

PCR + TS + TS - QBC + QBC - RDT + RDT -

Pf 39 35 4 34 5 37 2

Pv 6 6 0 6 0 5 1

Po 7 7 0 7 0 1 6

Pm 4 2 2 2 2 1 3

Total 56 50 6 49 7 44 12

PCR negative/RDT+ n=6 (one patient after treatment, five no history of malaria)

PCR negative and other methods positive n=1 (one patient after treatment)

PCR negative and other methods negative n=776



ETZ Multiplex real-time malaria PCR 
P. falciparum, P. vivax, P. ovale c/w, P. malariae, P. knowlesi, PhHV
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Validation in-house real-time PCR

In-house real-time PCR

Pf Pf/Pm Pv Poc/w Pm Pk neg

Micr/PCR

Pf 17

Pf/Pm* 3

Pv 9

Po 4/0

Pm 2

Pk 5

Neg/dub 13

* Mixed infection PCR only
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loop-mediated isothermal amplification (LAMP)

magnesium pyrophosphate, Mg2P2O7

Malaria LoopAMP® 

gold standard (real- time PCR corrected Cytochrome b nested PCR)



After 40 minutes, turbidity was measured by naked eye by 3 independent readers.

P. falciparum lower limit of 5 parasites/µL for 

both Pan and Pf primer sets, for P. vivax it was 

1 parasite/µL

Commercial available, good sensitivity and specificity

Point of care test? No species identification, no quantification.



Verification ETZ Illumigene Malaria

In-house real-time PCR

Pf Pv Poc/w Pm Pk neg

Ilumigene

Positief 7 4 1 2 3

Neg 1 5

Verification ETZ Illumigene Malaria

In-house real-time PCR

Pf Pv Poc/w Pm Pk neg

Ilumigene

Positief 7 4 1 2 3

Neg 1 5
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Conclusions

• DNA-based diagnostics highly sensitive and specific

• Know your assay

– What does it detect

– What does it miss

– Regular updates

• LAMP

– High NPV

– No species differentiation (Ilumigene)

– No quantification
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1298 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400(1298)

GCCGACTAGGCTTTGGATGAAAGATTTTAAAATAAGAGATTTTCTCTTCGGAGTTAATCTCTTAGATTGCTTCCTTCAGTGCCTTATGAGAAATCAAAGTCTTTGGGTTCTL07559_Pcynomolgi(1095)

GCCGACTAGGCTTTGGATGAAAGATTTTAAAATAAGAGATTTTCTCTTCGGAGTTAATCTCTTAGATTGCTTCCTTCAGTGCCTTATGAGAAATCAAAGTCTTTGGGTTCTL08241_Pcynomolgi(1297)

GCCGACTAGGCTTTGGATGAAAGATTTTAAAATAAGA-ATTTTCTCTTCGGAGTTTAT-TCTTAGATTGCTTCCTTCAGTGCCTTATGAGAAATCAAAGTCTTTGGGTTCTU03079_P_vivax(1095)

GCCGACTAGGCTTTGGATGAAAGATTTTAAAATAAGA-ATTTTCTCCTCGGAGTTTAT-TCTTAGATTGCTTCCTTCAGTGCCTTATGAGAAATCAAAGTCTTTGGGTTCTU83877_P.vivax (956)

GCCGACTAGGCTTTGGATGAAAGATTTTAAAATAAGA-ATTTTCTCTTCGGAGTTTAT-TCTTAGATTGCTTCCTTCAGTGCCTTATGAGAAATCAAAGTCTTTGGGTTCTU93233_P.vivax (955)

-CCGACTAGGCTTTGGATGAAAGATTTTA----------------------------------------------------------------------------------Pviv_F (1)

---------------------------------------TTTTCTCTTCGGAGTTTATT----------------------------------------------------vivax133 (1)

-----------------------------------------------------------------------------------TTATGAGAAATCAAAGTCTTTGGGTT--Plas-171Rrev (1)



Future of malaria diagnostics

Future of malaria diagnostics

• Microscopy

• RDT and microscopy

• LAMP and microscopy

– LAMP negative

– LAMP positive and microscopy

• Fast PCR

– It’s a matter of logistics
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Molecular diagnostics malaria

Thanks for listening

Questions?

Jaco J. Verweij

j.verweij@etz.nl


