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People, Parasites, Pests, Places & 
Policy



Source WHO: estimated malaria incidence; cases/1000 people at risk



Source WHO: estimated country share of malaria burden





Overview

• Parasites: Plasmodium species
• P. falciparum; P. malariae; P. ovale; P vivax; P. knowlesi

• Mosquitoes: Anopheles species; females
• >3500 mosquito species

• >400 Anopheles

• ~50 can transmit malaria

• Most competent are: An. gambiae; An. funestus; An. coluzii; An. 
arabiensis

• Humans: susceptible (some Plasmodium species also infect 
birds and primates)



SOURCE: Kiszewski, A., A. Mellinger, et al. (2004). "A global index representing the stability of 
malaria transmission." The American journal of tropical medicine and hygiene 70(5): 486-498



SOURCE: US Centres for Disease Control & Prevention, 
https://www.cdc.gov/malaria/about/biology/index.html

Multiple stages of development 
in mosquitoes & humans

• Sporozoites injected by 
parasite-laden mosquitoes, 

• Blood-stage & liver stage

• Hypnozoites can form (and 
hide, thus recurring 
infections)

• Some merozoites form into 
gametocytes (sexual stages)

• Biting mosquitoes can pick 
these gametocytes (male & 
female)

• These form oocysts then 
develop further in mosquito 
gut as they move towards 
the mouthparts



Improving 
people’s health 
and wellbeing!



Signs & Symptoms

• Initially, may have headache, 
fatigue, body ache and 
abdominal pain.

• Fever (associated with feeling 
very cold (chills) and shivering).

• Nausea, Vomiting or Diarrhoea

• Severe malaria; may cause death

Impacts

• Loss of labor/Loss of productivity

• Absenteeism from schools & work

• Economic costs (individuals; 
households; communities; countries)

• ……..

• ……..

• ………



Diagnosis: a drop of blood
• Blood slides & microscopy
• PCR screening for Plasmodium DNA 

fragments
• Rapid-diagnostic tests screening for 

Plasmodium antigens



Source: 

https://www.etsy.com/listing/206154839/blood-
drop-necklace-boro-glass-
pendant?ga_order=most_relevant&ga_search
_type=all&ga_view_type=gallery&ga_search_q
uery=blood+drop+necklace&ref=sr_gallery-1-
1&frs=1

https://www.etsy.com/listing/206154839/blood-drop-necklace-boro-glass-pendant?ga_order=most_relevant&ga_search_type=all&ga_view_type=gallery&ga_search_query=blood+drop+necklace&ref=sr_gallery-1-1&frs=1


1. Eliminate 
breeding sites & provide 

protective dwellings

X

2.  Prevent 
mosquito biting

3. Treat infected 
people

5. Kill adult 
mosquitoes

4. Vaccine

Slide courtesy of Prof. 
Christian Lengeler, Swiss 

Tropical & Public Health 
Institute



Malaria in the world around 1900 (Celli 1913)



• In 2018, ~ 50% world's 
population was at risk of 
malaria. Most cases and deaths 
were in sub-Saharan Africa. 

• ~228 million cases of malaria in 
2018, and ~ 405,000 malaria 
deaths.

• The WHO African Region:  93% 
of malaria cases and 94% of 
malaria deaths.

• P. falciparum accounted for 
99.7% of estimated malaria 
cases in Africa

• Children under 5 years of age 
are the most vulnerable group 
affected by malaria; in 2018, 
they accounted for about two 
thirds of all malaria deaths 
worldwide.



Getting to 

Zero; -- with 

as few deaths 

as possible









Toxicity

Physical barrier

Repellency









Why are we not yet at 

zero? 

• Logistics

• Insecticide & drug 
resistance

• Costs

• Commodities over 
resilience

• Multiplicity of players
• Short-term goals 
• Vertical programs
• Domestic investments



Windows



Despite the overall growth in the housing 
sector, most low-income families still live 
in poorly constructed houses with gaps 

on doors, walls, eaves, 

windows



Kaindoa et al 2018





Tusting et al 2019



Expand coverage with existing techniques and strengthen systems to 
suppress disease

• Case management  

• Vector Control

• Behaviour change communication
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Cooking

Eating

Watching television

Selling and Buying

Telling stories

Anopheles arabiensis

Anopheles funestus

Correlation between outdoor activities and biting times of vectors



How would you protect yourself at times 

when you are not under bed nets?



By 2000, resistance 
had been reported in 
more than 100 
mosquito species 
including more than 
50 anopheles 
mosquitoes 
worldwide
(Hemingway and 
Ranson 2000)



• Mosquitoes survive doses of insecticides that would normally have 
killed them

• Wide-spread insecticide resistance in malaria vector populations will 
cause purely-insecticidal interventions to loose efficacy



Matowo et al 2020



• Use of insecticide-based interventions should be judicious, 
temporary and integrated with local practices in agriculture



• Control programmes should be supported by multiple 
sectors beyond health





Despite the overall growth in the housing 
sector, most low-income families still live 
in poorly constructed houses with gaps 

on doors, walls, eaves, 

windows





After 3,572 trap-nights, only one Plasmodium-infected 
Anopheles was found, resulting in overall PfEIR of 0.102 ib/p/yr.





Countries should promote local development and production of effective 

intervention tools 





A to Z netting, Arusha, Tanzania







• Domestic financing should 
gradually increase

• Use ODA for core interventions 
and commodities; but invest 
domestic funds in building 
resilience

• In Ghana, where malaria 
elimination is estimated to 
eventually cost 1 billion USD by 
2029, government expenditure on 
malaria control has been 
expanding, though this is still 
below 25% of the total funding 
(Shretta et al 2020)

Haankenstaad et al 2019



Other considerations

• Sustainability 

• Transition from insecticides to non-insecticides; 

• consider better mosquito-proof housing for all (compare costs 
with roads etc); 

• environmental management; 

• legal structures, subsidies and multi-sectoral approaches, 
public education and household incomes



• Countries should advance 
R&D programmes to address 
evidence gaps, accelerate 
progress and seek potential 
game changers





Careers in Malaria 

Elimination



• Public health authorities should cultivate effective public 
engagement practices to support vector control



Relationships with communities where we work

First, we must listen!



Q:

Our current best tools against malaria are also our oldest tools

1. False

2. True



Malaria Treatment In the 21st Century



Malaria Prevention In the 21st Century

1990s Tanzania 1300s Japan



Group 1: Insecticides, bed nets and medicines may 
slow malaria down, but real progress requires a 
more holistic approach

• Discuss!



Year 2000 Year 2010 Year 2018

600,000 
deaths

400,000 

200,000

0 deaths

585,000 deaths
(533,000 in Africa)

405,000 deaths
(380,000 in Africa)

Group 2: Before 2020, there had been significant 
progress made against malaria (see example in 
graph below). In which ways do you think the 
COVID19 pandemic will impact these trends?

• Discuss!



Research gaps



Current research gaps in diagnosis

• Blood-less diagnosis? 
• Non-invasive diagnosis?
• Detecting gametocytes
• Testing for drug resistance
• Detecting hypnozoites
• G6PD testing; during Mass Drug Administration
• Testing in pregnancy



62

DRUGS  

Current research gaps regarding drugs

• Drugs for Malaria Treatment, Prevention and 
Transmission Interruption

• Anti-Hypnozoite Drugs
• Seasonal Malaria Chemoprevention (SMC)
• Endectocides
• Novel Formulations



63

VACCINES

Current research gaps relevant to vaccines

• Vaccines to Prevent Clinical Malaria and Interrupt 
Transmission

• Vaccines that Only Interrupt Malaria Parasite 
Transmission

• Vaccines for P. vivax/P. ovale

• Adjuvants, Delivery Platforms, and Desired Human 
Immune Responses

• Prophylactic Biologics



64

VECTOR CONTROL

Current research gaps relevant to 

vector control

• Insecticide-based interventions & 
resistance

• Outdoor Targeting and Exploiting 
Vector Behaviour

• Environmental Management and Larval 
Source Management 

• Genetic Approaches 
• Sustainable vector control options free 

of insecticides



Thank you & 
welcome to 

Ifakara, Tanzania


