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P. falciparum ςasexual stages



The essential pathological feature of falciparum
malaria is the sequestrationof erythrocytes 
containing mature forms of Plasmodium 
falciparumin the microvasculature of vital organs

Pongponratn et al. Am J Trop Med Hyg1991; 44: 168-75

Silamut et al Am J Path 1999; 145: 1057-69







ΧΧΦǎǳƎƎŜǎǘǎ ǘƘŀǘ alpha-TTPis a putative target for the early prevention of CM.
HerbasMS, Okazaki M, TeraoE, XuanX, Arai H, Suzuki H. alpha-Tocopheroltransfer protein inhibition is 
effective in the prevention of cerebral malaria in mice. Am J ClinNutr. 2010 ;91:200-7

ΧΧΦ ǿŜ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ǾŀǎƻŎƻƴǎǘǊƛŎǘƛƻƴ ŀƴŘ ǾŀǎŎǳƭŀǊ 
collapse play a role in murineCM pathogenesis and 
nimodipineholds potential as adjunctive therapy for CM.
CabralesP, ZaniniGM, MeaysD, FrangosJA, CarvalhoLJ. Murinecerebral malaria is associated with a 
vasospasm-like microcirculatory dysfunction, and survival upon rescue treatment is markedly increased by nimodipine. Am J Pathol. 2010; 176: 1306-15. 

ΧΧ oral activated charcoalprotects against ECM in mice, and does not interfere with the 
pharmacokinetics of parenteralartesunate. If future studies succeed in establishing the 
efficacy of oACin human malaria, then the characteristics of being inexpensive, well-
tolerated at high doses and requiring no sophisticated storage would make oACa relevant 
candidate for adjunct therapy to reduce mortality from severe malaria, or for immediate 
treatment of suspected severe malaria in a rural setting.
de Souza JB, OkomoU, Alexander ND, Aziz N, Owens BM, KaurH, JassehM, MuangnoicharoenS, SumariwallaPF, WarhurstDC, Ward SA, Conway DJ, Ulloa
L, Tracey KJ, FoxwellBM, Kaye PM, Walther M. Oral activated charcoal prevents experimental cerebral malaria in mice and in a randomized controlled
clinical trial in man did not interfere with the pharmacokinetics of parenteralartesunate. PLoS One. 2010; 5: e9867. 

ΧΧǿŜ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŀǘ ŀ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ŎƻƎƴƛǘƛǾŜ ŘȅǎŦǳƴŎǘƛƻƴ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ƻȄƛŘŀǘƛǾŜ 
stress and that this can be favorably modified by an interventional strategy that includes 
antioxidants in addition to specific rescue chemotherapy aimed at the malarial pathogen. 
Because oxidative stress is a pathogeneticmechanism in other syndromes of neurocognitive
injury and neurodegeneration, the findings may also be relevant to other systemic 
inflammatory syndromes with cerebral involvement.
Reis PA, ComimCM, HermaniF, Silva B, BarichelloT, PortellaAC, Gomes FC, SabIM, FrutuosoVS, Oliveira MF, BozzaPT, BozzaFA, Dal-PizzolF, Zimmerman 
GA, QuevedoJ, Castro-Faria-NetoHC. Cognitive dysfunction is sustained after rescue therapy in experimental cerebral malaria, and is reduced by additive 
antioxidant  therapy. PLoS Pathog. 2010; 6 :e1000963. 



Exp Parasitol. 2010;125:141-6. 
Modulation of cerebral malaria by fasudil and other immune-modifying 
compounds.
Waknine-Grinberg JH, McQuillan JA, Hunt N, Ginsburg H, Golenser J.
Department of Microbiology and Molecular Genetics, The Hebrew 
University of Jerusalem, Jerusalem 91120, Israel.

Abstract
Malaria continues to cause millions of deaths annually. No specific effective 
treatment has yet been found for cerebral malaria, one of the most severe 
complications of the disease. The pathology of cerebral malaria is 
considered to be primarily immunological. We examined a number of 
compounds with known effects on the immune system, in a murine model 
of cerebral malaria. Of the compounds tested, only fasudil and curcumin 
had significant effects on the progression of the disease. Although neither 
drug caused a reduction in parasitemia, survival of the treated mice was 
significantly increased, and the development of cerebral malaria was either 
delayed or prevented. Our results support the hypothesis that an 
immunomodulator efficient in preventing CM should be administered 
together with anti-plasmodial drugs to prevent severe malaria disease; 
curcuminand fasudil should be further investigated to determine 
efficiency and feasibility of treatment
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Interventions based on contemporary concepts of pathophysiology

Urea 
Aspirin
Heparin
Mannitol
Prostacyclin
Corticosteroids
Plasmapheresis
Pentoxiphylline
Desferrioxamine
Low dose quinine
Anti -TNF antibody
Hyperimmune globulin
High dose phenobarbitone
Exchange blood transfusion
Erythropoetin
Activated charcoal
L-arginine
Albumin

Harmful
Harmful
Harmful

Harmful

Harmful
Harmful
Harmful

Harmful

Harmful

aǳǊƛƴŜ ά/aέ
44/48 beneficial!





Artemisinins: rapid action, broad stage 
specificity, safe, easy administration.

White NJ, Science 2009



Quinine vsArtemether meta-analysis 
(n=1919)

Artemether-Quinine Meta-analysis Study Group, Trans R Soc Trop Med Hyg 2001



Pharmacokinetics of intramuscular artemether
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artesunate

Pharmacokinetics 
of artesunate  

(2.4 mg/kg)

Hien et al. Antimicrob Agents Chemother 2004

Davis et al. Antimicrob Agents Chemother 2001
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SEAQUAMAT
i.v. artesunate vsi.v. quinine in severe malaria

Study sites

ωBangladesh: Chittagong

ωIndia: Rourkela

ωMyanmar: several sites

ωPapua Indonesia: Timika

Coordinating centre:

ωBangkok, Thailand

{9!v¦!a!¢ LƴǾŜǎǘƛƎŀǘƻǊǎΩ DǊƻǳǇ [ŀƴŎŜǘ 
2005



Å1,461 Asian adults and children (202)

ÅQuinine mortality: 164/731 (22.4%)

ÅArtesunate mortality: 107/730 (14.7%)

Å34.7% relative reduction in mortality

ÅOdds ratio 0.6 (95%CI 0.45 to 0.79), p=0.0002

SEAQUAMAT



ΨbǳƳōŜǊǎ ƴŜŜŘŜŘ ǘƻ ǘǊŜŀǘΩ όbb¢ύ

ÅBurma 12.6

ÅBangladesh 11.1

ÅIndia 21.2

ÅIndonesia 16.6
Highly cost-effective; $148 per death averted
Lubell Y et al. Trop Med Int Health. 2009;14:332-7.

SEAQUAMAT



Thailand 2003, Newton et al CID,   

Vietnam 1997,  Cao et al, Trans R Soc Trop Med Hyg

Vietnam 1992,  Hien et al, Trans R Soc Trop Med Hyg 

Myanmar 1992, Win et al, Trans R Soc Trop Med Hyg

Meta-analysis post SEAQUAMAT



Compared to quinine, would
artesunate reduce mortality from
severemalariain Africanchildren?

The next question...


