
The Next-Gen in the Fight Against Malaria 

translating genome science into 
new tools for global health 

Bronwyn MacInnis 
on behalf of the Malaria Genetics Team and 
loads of other people at Sanger and abroad 



Host  Vector  Parasite  

Malaria…a tale of three genomes  

•  Children under 5,  
pregnant women most at risk 
•  Acquired immunity kicks  
in at age ~5-8 
•  Non-exposed adults are 
susceptible 

•  Anopheles mosquitoes 
•  ~50 species transmit malaria 

•  Plasmodium parasites 
•  P. falciparum and 3.5 other 
species cause human malaria 
•  single cell eukaryotes 



According to the World Health Organization (2008): 
•   250 million cases of malaria worldwide 

•   3.3 billion--half of the world’s population--at risk  

•   leading cause of death in children under 5 in Africa… 
          there a child dies every 45 seconds, >1m deaths each year 

•   direct economic cost of $15 billion USD/year 

Relative Global Burden of Malaria  

Some Scary Statistics 

World Map by Landmass 



Acute symptoms 
range from mild to severe… 
fever 
shivering 
fatigue, pain 
respiratory distress 
anemia 
retinal damage 
convulsions 
coma 
death 

Long term effects 
brain damage 
physical and cognitive impairment 

Malaria Illness 

Some kids die from malaria,  
some don’t even get sick 



just show them the video, explains it way better than you would!  

The Malaria Life Cycle  



Host  Vector  Parasite  

Malaria…a tale of three genomes  

Our work in these organisms 



Malaria is a treatable and preventable disease 



First Global Malaria Eradication Attempt  

Potent insecticide 
DDT 

Effective antimalarial drug 
Chloroquine 
Cheap, safe, effective orally 

1955-1965 



Global Malaria Eradication Programme 
1955-1965 

“Stamp Out Malaria” 
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First Malaria Eradication Attempt  

Potent insecticide 
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DRUG RESISTANCE 



Artemisinin 
the new ‘Silver Bullet’ against malaria  

Artemisia annua 
•  Chinese traditional medicine herb 
•  "rst described as an anti-malarial in 4 BC 
•  “discovered” by modern science in 1972/1982 

Super Artemisinin! 

Fast forward to today…a second chance 



Since 2007, a joint initiative of >500 other partners including  
WHO, UNICEF, UNDP, the World Bank and the Gates Foundation 

Targets for 2015 
•  Reduce malaria deaths to near zero 
•  Reduce malaria cases by 75% compared to 2000 
•  Eliminate malaria in 8-10 countries 

Eliminate, the new Eradicate 



Malaria Elimination Take 2 

Why bother with genomics??  

reading in malaria slides in                          
Sri Lanka during !rst                               

Global Malaria Eradication Campaign 

Tracking genome variation can 
provide effective system for global      
surveillance of the emergence and      

spread of anti-malarial drug, vaccine 
and insecticide resistance 

positive blood smear 







What’s the goal? 

Collect parasite samples and phenotype data from patients 

Sequence the DNA and analyze genome variation in their parasites 

Map genome variation and phenotype data in space and time 
using open access, user friendly software to share the data 

Track disease features like drug resistance 

Inform public health decisions and policies 

Our work in parasite (and vector) genetics 





www.sanger.ac.uk/MapSeq/ 
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Project Work#ow 



Geographical Mapping  
and Data Analysis 

MapSeq 



Surveying genome varia.on in field samples 
‐ challenges 

Sequencing clinical malaria samples 
is a big challenge 

•   we sequence what we get…samples are tiny, 
aren’t cultured, often >90 % human 

•   each sample is precious 

•   "eld sites lack basic resources 

•   samples are typically mixed infections 

•   the P. falciparum genome is really tricky  



Working with partners to collect malaria samples in Cambodia  

Sequencing clinical malaria samples 
is a big challenge 



but it works 

•   sequenced ~1000 P. falciparum clinical samples so far 

•   established robust analyses to identify SNPs and  
other variants, and to detect multiple infections  

•   new insights into global malaria genetic diversity 

With huge thanks to the R&D,  
Library Prep and Sequencing Teams!! 

Sequencing clinical malaria samples 
is a big challenge 



We can see patterns of global and 
regional population structure 

Papua New Guinea 

Cambodia 

Kenya 

Thailand 

Mali and 
Burkina Faso 

Africa 

South East Asia 



Chloroquine resistance variant PfCRT K76T 

Thai isolate Kenyan isolate Malian isolate 

We can detect known drug resistance mutations 



We can detect signatures of recent evolutionary 
selection at known drug resistance genes  

…and novel loci 

PfCRT 

DHFR 





•  With partners in >20 countries we have recruited ~13,000 cases of severe 
malaria and similar number of controls 

•  Published "rst Genome-Wide Association Study (GWAS) in African populations, 
of severe malaria in children in the Gambia* 

•  Identi"ed signals in the human genome that may reveal how genetic 
differences can naturally protect some kids from malaria 

•  Useful information for vaccine design 

Our work in host/human genetics 

QUESTION: In communities 
where every child is repeatedly 
infected with malaria, why do 
some kids die and not others? 

*Jallow et al, Nature Genetics 41: 2009 





By “we” I mean….  
The Sanger-Oxford Kwiatkowski Group 



Partner scientists and clinicians in >20 malaria endemic countries  
who share samples and data  

and… 
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