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Malaria incidence (cases per 10,000 people) in Cheringoma district, Mozambique,
from 2017 to 2023.

Data source: Courtesy of Dr. Candrinho, Mozambique National Malaria Control Program and NIH.
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Cheringoma

Malaria season usually
peaks in March every year
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Cheringoma

* Interannual variability

°* Beginning, duration and
intensity of the malaria
season might vary
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Why is malaria fluctuating?

Anopheles mosquitoes are
highly sensitive to climate

Climate drives interannual
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Home

OpenMalaria
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Our model: OpenMalaria

* Developed at Swiss TPH, maintained
by Swiss TPH and the Kids Institute

*  Financially supported by the Bill &
Melinda Gates Foundation

°  Writtenin C++
* Used for intervention modelling

* Has proven useful in supporting
decision making

https://github.com/SwissTPH/openmalaria/wiki
10



Our model: OpenMalaria

In OpenMalaria, transmission is
assumed to be strictly seasonal

Usually not an issue for comparing
interventions/no intervention

But some interventions are seasonal
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v
Seasonal interventions //// \

* Indoor residual spraying
* Insecticide-treated nets 8
* Seasonal malaria chemoprevention f \ y%
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Seasonal interventions

Easier to optimally deploy seasonal
interventions when seasons are optimal

Deploying seasonal interventions
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Seasonal interventions

* Real-life data are likely to have interannual
variations
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Seasonal interventions

* Real-life data are likely to have interannual
variations

* Interannual variations may interfere with
optimal deployment of seasonal
interventions

— Goal: include climate-induced
interannual variations into OpenMalaria

Deploying seasonal interventions
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In short...

It is important for a model to account for climate
and its induced interannual variations!

— Potential improvement for OpenMalaria
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In OpenMalaria

Entomological Inoculation Rate
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In OpenMalaria

Entomological Inoculation Rate
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Using VECTRI
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The VECTRI model

The OpenMalaria model

Building the hybrid model

Validation of the hybrid model
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The VECTRI model

The OpenMalaria model

Building the hybrid model

Validation of the hyk\id model

Main objective: merging models
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The VECTRI model

° Practically, a map is divided into grid cells.

* |n each cell, we collect information about
climate and surface hydrology.

* We can run the simulation for every cell
(independently).

A
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The VECTRI model

Development of larvae 1 >
\_ Adults lay eggs

Emergence
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Survival of larvae depends of 7
availability of breeding sites
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Additional notes on VECTRI

* Developed and maintained at the International
Centre for Theoretical Physics (ICTP).

*  Written in Fortran.
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Emergence rate
in VECTRI

Modelled emergence rate in Africa, 1990-2024 (larvae per square meter and day)
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Forced EIR
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Humans infectious
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The OpenMalaria model l
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Simulated EIR

Humans infectious
to mosquitoes

I

The OpenMalaria model
* Designed to integrate
interventions — flexible!
*  Within-host dynamics for the
human model
* Detailed health systems
— But emergence rate is only Emergence rate

St ictIy seasonal
; '

26




OpenMalaria and VECTRI

We can force the emergence rate in OpenMalaria to follow the
cycles of the emergence rate from VECTRI.
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OpenMalaria and VECTRI
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The hybrid model...

°* Runs for a specific location/study site. Extract climate data
(temperature and rainfall).

°* Runs a climate-driven VECTRI simulation. Outputs annual entomological
inoculation rate (EIR) and daily emergence rate.

° Runs OpenMalaria with constant year-round EIR values, using annual
cumulated EIR from VECTRI.

°* Forces emergence rate from VECTRI, as a larval control intervention.
* Accounts for climate and interannual variations.
° Might include other interventions.
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In short...

We developed an hybrid model accounting for
both climate and interventions.
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Model validation
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Cheringoma district
Grid cell used for simulation
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Model validation

2000 Cheringoma: Empirical data vs modeled incidence of
uncomplicated malaria episodes (calibrated)
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Future work

° Full calibration of the model using Demographic and
Health Surveys (DHS) data in Sub-Saharan Africa.

* Climate-interventions interactions.




Conclusion

* Development of OpenMalaria into a climate and
interventions-based model.

* Suited to analyzing the impact of seasonal
interventions.

* Accounts for geographical specificities.

— The hybrid model allows us to take the best out
of each model.
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Thank you for your attention!
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VECTRI: larval stage
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VECTRI: larval stage
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VECTRI: adult stage

- dAlAlA

N 111
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Emergence

* Mosquito survival rate and parasite development is (air) temperature-dependent.

* Successful gonotrophic cycles rely on human population and spatial heterogeneity.
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VECTRI: parasite in humans
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