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Malaria diagnosis

ÅSymptoms 
ÅBlood sample +  dye  + microscope (GOLD STD)
ÅBlood sample + fluorescence
ÅPolymerase chain reaction 
ÅLoop-mediated isothermal amplification
ÅMagneto-optic ςRoyal Tropical Institute Netherlands 

and Exeter University (HZ)
ÅLaser desorption mass spectroscopy (HZ)
ÅFlow cytometry(HZ ςin monocytes) monocytesize
ÅELISA
ÅRapid diagnostic tests



Malaria Rapid Diagnostic Tests (RDT)

Plastic casette
Cardboard casette

Dipstick



Buffer

AG

AG

AG

Detecting 
antibody

Capture 
antibody

Rapid diagnostic test strip
immunochromatography

Control



RBC

Parasite

Malaria Rapid Diagnostic Test Target Proteins

HRPIIHRPII

HRPII

HRPII

HRPII

lactate

pyruvate

lactate
dehydrogenase

aldolase

haem 

Hb

hemozoine

Digestive
vacuole

glucose

F-1-6-P2

glyceraldehyde-3-Pglycerone-P

NADH + H+

NAD+

Malaria
Infected 
Red blood
cell



History of Pf. Lactate Dehydrogenase

Å1964 - Marker enzyme for infectious diseases Doldand 

ZysnoMed Welt (1964) 11, 97-101 

Å1973 - Isoenzymetarget Carter and VollerTrans R Soc TropMed Hyg(1973) 67, 

14-5; Carter and McGregor Trans R Soc TropMed Hyg(1973) 69, 263-7

Å1986 - Cloned Scaifeet al Parasitology(1986) 92, S119-137.

Å1993 - Maklerdiagnostic agent Maklerand HinrichsAm J TropMed Hyg

(1993) 48, 205-10 

Å1999 - Crystal structure Pf LDH, 2004 PvLDH and 
other species. Read et al J BiolChem(1999) 274, 10213 ς8.  Brown et al Biochemistry 

(2004) 25, 6219-29.



History of Pf. HistidineRich ProteinII

Å1983 - Antibodies show HRPII is associated with 
knobs KilejianJ. Parasitol(1983) 69, 257-61

Å1986 - HRPII secreted Howard et al J Cell Biol(1986) 103, 1269 - 77

Å1988 - Vaccine target in monkeys Knapp et al BehringInst Mitt (1988) 82, 

349 - 59

Å1991 - HRPII in plasma of patients with malaria Para et al J 

ClinMicrobiol (1992) 29, 1629 ς34

Å1993 - ParaSite-F test Schiff et al Trans R Soc Trop Med Hug (1993) 87, 646-8

Å2007 - HRPII persists after infection Fogget al Trans R Soc Trop Med 

Hyg(2007) epubNov 19,  Iqbalet al J ClinMicrobiol (2004) 42, 4237 - 41



History of Pf. aldolase

Å1959 - Marker enzyme in cerebral malaria 
Fuhrmannand Peltzer, Z TropenmedParasitol(1959) 10, 375-8.

Å1988 - Vaccine candidate Certaet al (1988) Science 240, 1036-8.

Å1989 - ELISA for diagnosis of malaria Srivastavaet al Trans 

R Soc TropMed Hyg(1989) 83, 317 - 21

Å1998 - Crystal structure Kim et al Biochemistry (1998) 37, 4388 ς96



RDT test comments

ÅHRPII 
+++ Most popular RDT and detects < 200 P/l˃
- - - HRPII persists, antigenic variation, Peru, 

prozone, P. falciparumspecific.
ÅLactate dehydrogenase
+++ detects P. vivaxand P. falciparum, does

not persist, NO antigenic variation.
- - - detects > 200 P/˃ l (not as good as HRPII)
ÅAldolase
++++ NO antigenic variation, not species specific
- - - detects  500 P/˃ l 



RDT test concerns

ÅTests are temperature labile

Åw5¢Ωǎ ǊƻǳǘƛƴŜƭȅ ŘŜǘŜŎǘ нлл ǇŀǊŀǎƛǘŜǎκl˃ and 
ideally we want to detect 100 parasites/˃l

ÅCross reactivity with human rheumatoid factor

ÅQuality control - WHO testing of RDTS 

ÅNeed to differentiate between species



Fishing for malaria proteins



Fishing forproteins with anti-peptide 
antibodies

Merck et al (2003)  J. Biol. Chem 278.
Dorinet al (2005) Molec. Micro. 55.
Reiningeret al (2005) J. Biol. Chem. 280.
Nuneset al (2007) Molec. Micro. 63.
Reiningeret al (2009) J. Biol. Chem. 284.
Hurdayalet al (2010) Peptides 31.
Halbertet al (2010) Euk. Cell 9.
Dorin-Semblatet al (2011) Microbiology



LDH amino acid sequence alignment to select peptide targets for diagnosis
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2

LDH peptide targets

Read et al J BiolChem(1999) 274, 10213 ς8.

Pf and Pv specific peptide

Common peptide
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Western blot IgY vs common epitope

Ni-chelate affinity column elution profile

12.5% SDS PAGE

Recombinant expression of PyLDH

Hurdayalet al (2010) Peptides 31
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Specificity of anti-peptide antibodies

Antibody
vs

commonepitope

Antibody 
vs
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Antibody 
vs

Pvepitope

Hurdayalet al (2010) Peptides 31
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Immunofluorescentdetection of PlasmodialLDH 
with anti-peptide antibodies





Final comments RDT 

diagnostics
ÅImprove RDT with new diagnostic candidates

ï[Protein]/ [Motifs] >>>> Pf LDH, Pf HRP II, Pf aldolase 

ïDifferentiates between species (peptide approach)

ÅReduce false positives

ÅIncrease temperature stability

ÅImprove detection signal

ÅRDTs estimated to avert 100 000 deaths and 400 

million non-malaria treatments

Å3 new diagnostic targets being evaluated
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