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Learning objectives 

1. Understand the burden of malaria disease 

2. Be familiar with key clinical and biological aspects of human malaria 

3. Know the main tools used for malaria control programs 

4. Know how malaria burden can be measured 

5. Understand trends in global malaria epidemiology 

6. Understand key barriers to malaria control (and elimination) 
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Outline 

1. Some history and biology 
2. Disease in individuals 
3. Tool for malaria control 
4. Where are we at in 2019? 
5. Urgent threats to control (and elimination) 
6. Endgame thought (?) 
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Some history and biology 
malaria basics 

 
 
 

Yangon, Myanmar; ca. 1986 
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Some history and biology 
malaria basics 
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• Parasite of human RBCs 
• THE parasitic killer of human beings 

– 700,000 – 1.1 million deaths/year (>2000/day) 
– 216 million cases in 2010 

• 90% of deaths in sub-Saharan Africa 
• Transmitted by Anopheles mosquitoes 
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Sandfly 
>60,000 

Scorpion 
3,200 

Tick 
(?) 

Put another way: 
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Anopheles mosquito – eg MALARIA 
life-cycle 
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Lancet 2014; 383: 723–35 



09/11/2011 

 
• Plasmodium falciparum 
• Plasmodium vivax 
• Plasmodium ovale 
• Plasmodium malariae 
• Plasmodium knowlesi 

Some history and biology 
the vector 



Some history and biology 
the vector 

• Bite dusk to dawn 
• Only females 
• Inactive below 18° 
• Altitude sensitive 
• DEET and picaridin are the ONLY 

effective repellents 
• Permethrin-treated 

clothes/nets/curtains 
• Don’t like cities* 
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Some history and biology 
global map of dominant malaria vectors 
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Some history and biology 
where falciparum malaria occurred in 19th C 
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Some history and biology 
where falciparum malaria occurs now 
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Some history and biology 
where vivax malaria occurs 
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“Malaria is the strongest known force for evolutionary 
selection in the recent history of the human genome” 
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Some history and biology 
malaria is an old nemesis of humans 
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Some history and biology 
malaria is an old nemesis of humans 
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Severe malaria: new insights 

(P. vivax) 

(P. knowlesi) 
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Physiopathology severe malaria: P. falciparum 

• Severe hemolysis 
 
 



09/11/2011 

Severe malaria: hemolysis 

• Anemia  
 

• Jaundice 
 

• Splenomegaly 
 

• Thrombocytopenia (bleeding) 
 

• Acute tubular necrosis 
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Physiopathology severe malaria: P. falciparum 

• Severe hemolysis 
 

• Sequestration 
 
 



09/11/2011 
24 



09/11/2011 

Sequestration: cerebral malaria 

• Most important cause of death   
 

• Obstruction microcirculation in brain 

– confusion, stupor, coma 

– convulsions 

– retina bleeding : bad prognosis 

– no neck stiffness, normal 
cerebrospinal fluid 

– 5-10%  neurological sequellae 



09/11/2011 



09/11/2011 



09/11/2011 
28 

Sequestration: ARDS 



09/11/2011 

ARDS in  P. falciparum malaria     Day 1 to 5 



09/11/2011 

Sequestration: end-organ failure 



 
31 09/11/2011 

Physiopathology severe malaria: P. falciparum 

• Severe hemolysis 
 

• Sequestration 
 

• Sepsis 
 

Severe malaria DIC 



09/11/2011 

5% RBC parasitized by P. falciparum   

G6PD 28 days later was very low.  

Severe malaria: Black water fever 

N Engl J Med 2008 
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Disease in individuals 
complications according to age and endemicity 
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1. Some history and biology 
2. Disease in individuals 

• Malaria-HIV interactions 

3. Tool for malaria control 
4. Where are we at in 2019? 
5. Urgent threats to control (and elimination) 
6. Endgame thought (?) 

 
 

Outline 
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Disease in individuals 
malaria-HIV interactions 

“Where 2 elephants meet, there grows no grass“ 
African proverb 
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HIV (low CD4 count)   Malaria 

Parasitemia 

Clinical malaria 

Severe Malaria 

Antimalarial drug use 

Treatment efficacy 

Hemoglobin levels 

Impact of HIV on malaria: summary 
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Malaria  HIV 

Specificity HIV RDTs                    

Transient viral load 

Transient CD4 

Progression to AIDS  

HIV transmission              (high HIV prevalence)  

? 

Impact of malaria on HIV: summary 
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Outline 



Tools for malaria community-level control 

CONSULTATION MISSION 
(split into groups of 4-6): 
 
1. Determine 5 methods of malaria 

control you would propose to 
national programmes 
 

2. Rank them in order of priority 
 

3. What impact do you expect? 
 
 
 

(10 minutes) 
 



Tools for malaria community-level control 
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Lancet 2014; 383: 723–35 

SUPPRESSIVE 
TREATMENT: 
•disease 
•targetted Px 

• pregnancy 
• Infants? 

X X 

X 

anti-hypnozoite /  
anti-gametocyte 
treatment* 

X 
VACCINE 

X 
BITE PREVENTION: 
Bednets* 
Repellents 
Clothing 

X VECTOR 
REDUCTION: 
I.R.S. 
Others… 

Wait a minute, WHO do we treat? 
•Passive detection? 
•Active case-finding? 
•Mass Rx (MDA)? 
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“I myself have been 
infected with malaria 
only once in spite of 
nineteen years service in 
India and thirteen 
subsequent malaria 
expeditions to warm 
climates; I attribute this 
good fortune to my 
scrupulous use of the 
bed net” 
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Prevention 
repellent chemicals 
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Medical Letter Vol 47 (Issue 1210) June 6, 2005 “Deet alternatives” 

• Important for MANY diseases and discomfort 
– Malaria, dengue, WNV, many others! 

• Effective products: 
– DEET (use 35-50% solutions) 
– Picardin (use 20% solution, only 7% available is US)* 
– Permethrin on clothes and bednets 

• Much less effective: 
– Eucalyptus oil, 2% soybean oil 

• Not effective: 
– Citronella, ultrasonic devices, ankle/wristbands, geranium oil, baby oil 

 
 

 
CATMAT GUIDELINES: http://www.phac-aspc.gc.ca/tmp-pmv/catmat-ccmtmv/index-eng.php 
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Prevention 
wear this 
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7up “Uncola” ad campaign 
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Prevention 
don’t wear this 

Mumba D et al. J Infect Dis 2010 
Pictures courtesy E. Bottieau, ITM 
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Outline 
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Where are we at in 2019? 

• Chloroquine resistance emerged in 1970s and reversed 
much of the gains made in Africa over the 20th Century 

• Drastic increase in deaths and drug-resistant malaria 1970-
2000 

• MDGs and other initiatives in 2000 prompted concerted 
effort for control 
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Where are we at in 2019? 
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Where are we at in 2019? 
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Where are we at in 2019? 
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Where are we in 2019? 
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• This is not the comparative 
efficacy of each measure! 
 

• Reflects  
• coverage 
• time since implementation 
• Local epidemiology, age 

structure, and ecology 
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Where are we at in 
2019? 
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Lancet 2019; 394: 322–31 
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Where are we at in 
2019? 
 
(Vivax:) 
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Lancet 2019; 394: 332–43 
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Where are we in 2019? 
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Q: what does this mean for front line clinicians facing an ill febrile child? 

Q: Does ↓malaria transmission ↑ or ↓ need for diagnostic tools? 
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Where are we in 2019? 
post-Ebola syndrome 
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Where are we at in 2019? 
post-Ebola syndrome 

 
55 Lancet Infect Dis 2015; 15: 825–32 

(Compare these numbers to total Ebola deaths)  
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Urgent threats to control (and elimination) 

• Resistance in mosquitoes 
– Pyrethroid resistance now widespread in some areas 
– DDT resistance 

• Resistance in Plasmodium 
– ARTESUNATE RESITANCE 

• Complacency in the face of recent gains 
– Failing to “seal the deal” in the face of decreased prevalence 

• Diagnostics for submicroscopic disease 
• Establishing clinical impact of “subclinical” diasease 
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PLoS Med 10(6): e1001467. https://doi.org/10.1371/journal.pmed.1001467 



Additional cases detected with 
ultrasensitive RDT (10X ↑ sensitive) 

LOD for 
microscopy / 
standard RDT 

PLoS Med 10(6): e1001467. https://doi.org/10.1371/journal.pmed.1001467 
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The threat of artemisinin-resistant malaria 

Dondorp AM et al. N Engl J Med 2011 Dondorp AM et al. N Engl J Med 2009 
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Urgent threats to control (and elimination) 
artesunate resistance 

• Initially thought to be contained to small pockets SE Asia 
• Now documented to be widespread in SE Asia 
• New foci found in Guyana 
• Looming threat in Africa  
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Outline 
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Endgame thoughts 

• Malaria is one of oldest foes 
• Great advances made in last 15 years 
• Can be eliminated in theory 
• Major threats are present, however. 
• Endgame will require specific intensified concerted action 

despite decreasing cases 
– Much more $$ per case averted 
– Politically difficult to maintain 
– Morbidity of other species, submicroscopic disease  

63 



Thank you 
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