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Malaria parasite cycle

 Five species

 Falciparum

 Vivax

 Ovale

 Malariae

 Knowlesi (in Southeast 

Asia—the monkey 

malaria parasite ) 

 Transmitted by 

Anopheline mosquito

Alan F. Cowman & Brendan S. Crabb. Nature Biotechnology. 2002Anopheles freeborni © James Gathany / CDC 
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Global malaria distribution

Feachem et al. 2019, Lancet ;394(10203):1056-1112

Falciparum

Vivax
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Epidemiology

 249 millions cases in 2020 in 85 countries

 Incidence decreased by 27% between 2010 and 2015 
and < 2% between 2015 and 2019

 Increase in number of cases in 2019 due to COVID 19 
pandemic 

 Twenty nine countries accounted for 95% of malaria 
cases globally 

 Global mortality estimated at 627,000 in 2020

 Increase in number of deaths in 2020 due to COVID 
19 pandemic (68%), and new method of calculation 
(32%)

 Mortality decreased by 50% between 2010 and 2019

World Malaria Report, WHO, 2021

Malaria mortality

Malaria incidence
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Malaria cases & deaths by country 

55% malaria cases from 6 countries:
- Nigeria: 26.8%
- DRC: 12%
- Uganda: 5.4%
- Mozambique: 4.2%
- Angola: 3.4%
- Burkina Faso: 3.4%

51% of malaria deaths from 4 countries:
- Nigeria: 31.9%
- DRC:13.2%
- Tanzania: 4.1%
- Mozambique: 3.8%

World Malaria Report, WHO, 2021
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Use cases for malaria genomics

Golumbeanu et al. 2023, AJTMH, in press
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Multiplicity of infection (MOI)

 Higher MOI when using ScSeq compared 

to bulk sequencing

 Average MOI = 6 compared to 4

 Samples with extremely high MOI: up to 17 

different clones 

 Need highly diverse markers for routine 

surveillance with AmpSeq

Nkhoma et al. Cell Host Microbe. 2020;27(1):93-103.e4
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PCR correction

Koepfli et al. 2014; P N G Med J
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Analytical sensitivity
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Design molecular markers (Amplicon Sequencing)

Montero Salas . et al. in development
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Select the optimal marker (Amplicon Sequencing)

 Length polymorphic 

genes by CE

 Microsatellites by 

CE

 SNP polymorphic 

genes by TADS

Schnoz A. et al. Submitted. https://www.biorxiv.org/content/10.1101/2023.04.24.538072v1
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Monitoring  the emergence and spread of resistant parasites

Wasakul et al. Lancet Infect Dis. 2023;23(5):568-577 Conrad M. et al. N Engl J Med. 2023;389(8):722-732



Non-Malarial Febrile Illnesses 

(NMFIs)
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Definition

• Non-malarial febrile illnesses (NMFI) are infectious diseases affecting patients 

who show signs of indistinguishable fever thus necessitate use of malaria 

diagnostic tests, but these tests turn out to be negative for malaria

Nyaoke BA. et al. PLoS One. 2019; 14(6): e0217980
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Causes of fever in Tanzania

Boillat-Blanco N et al. Clin Microbiol Infect. 2021;27(6):913.e1-913.e7. 
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Causes of fever in Tanzania

Boillat-Blanco N et al. Clin Microbiol Infect. 2021;27(6):913.e1-913.e7. 



Why is there a need for 

metagenomics data in malaria 

endemic settings ?
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Antibiotic over prescription

Fink G et al. Lancet Infect Dis. 2020;20(2):179-187
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Limitations of currently used RDTs

Chappuis F et al. Clin Microbiol Infect. 2013;19(5):422-31. 
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Use of host biomarkers

 CRP can effectively exclude malaria and bacterial infection in febrile children

 Development of CRP/malaria combined RDT

Ngewngi Y. Et al.PLoS One. 2023;18(7):e0289012. 
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Metagenomics surveillance in LMICs

Mwakibete L. et al. PLOS Glob Public Health. 2023 May 3;3(5):e0001675.
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Use of clinical algorithm assisted with AI

 Most of fevers managed at 

community level/small health 

facilities

 Lack of adequate laboratory 

capacity

 Clinical algorithm for patients 

triage

 Clinical symptoms

 Host biomarkers

 Genomic surveillance data 

Tan R. et al. PLOS Digit Health. 2023 Jan19;2(1):e0000170.
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COVID-19 as an accelerator ?

https://africacdc.org/institutes/ipg/ Accessed 16.11.2023

https://africacdc.org/institutes/ipg/
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NGS capacity in Africa

Inzaule et al. Lancet Infect Dis. 2021;21(9):e281-e289



298th ICCMG Conference. 17 November 2023. 

Genomics laboratory and bioinformatics network structure:
Africa CDC

Inzaule et al. Lancet Infect Dis. 2021;21(9):e281-e289
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Way forward 

 Training laboratory staff in genomic analyses

 Training in bioinformatics

 External quality assurance programs 

 ISO certification



Thank you for your attention !

christian.nsanzabana@swisstph.ch

Department of Medicine
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