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Malaria: Challenges in its control efforts

Trends in malaria cases and deaths in 11 high burden countries, 2015-2021

Since 2015, there is a resurgence in
the number of malaria cases

Malaria cases in the 10 highest burden countries in Africa, 2010-2017

Distribution of the 5 million
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Implemented strategies

Indoor Residual Spray
Larvicides

Insecticide Treated Nets
Preventive drugs

Challenges

Insecticide resistance
Drug resistance
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So..

There is need for innovative malaria

control strategies
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https://www.afro.who.int/health-topics/malaria
https://www.mmv.org/malaria/malaria-facts-statistics

Microsporidia MB-mediated Plasmodium
transmission blocking
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Microsporidia MB-properties

Vector hosts :
* Anopheles arabiensis

* Anopheles funestus

* Anopheles coluzzi

v No significant effect on fitness
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The MB infection is transmitted to the next
generation (G1) (vertical transmission) 45-100%
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The MB infection is transmitted horizontally from
female to male and female to male through mating




Investigating the control potential of MB
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Method : System dynamics model

. components and scenario S~

Goal

Supporting the analysis of how targeted
Microsporidia MB release program can
contribute to reducing malaria case burden.

Conceptualisation " Inclusion of
- SD model \ real data

Calibration
Identifying : Simulations
system ' Sensitivity

analysis
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Developing the System Dynamics modade/
Humans are distributed into : e

\/ . I : ' Mosquitoes 4
v fnufZiing y - e ) Release policy is defined :
v | ﬁﬂ \/l 155\ l'“"’*‘"“"“l v Number of released
Recovered b o o N ] _ ,
s 3 — mosquitoes (per capita per
() year) (HOWAMENY)

v’ Release period and total

duration. |
v’ Release frequency (

IVM Interventions

Environmental factors :
v' Temperature

v’ Rainfall

v" Humidity

Additional integrated

strategies considers : Mosquitoes are disaggregated by :

v Insecticide Treated Nets v' Gender [2]: established at oviposition

v' Indoor residual spray v' Age [41]: time-based, starting from pupation

v Environmental v' Mating [2]: tracks female only, age-based probability, mate only once
management measures v' MB Intensity [4]: negative, low, mid, high CT; progress is time-based

v Plasmodium [4]: negative; gametocytes, oocyst, sporozoites
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Overview of the system dynamics model

The system dynamics model proposed Mosquito module
here is a highly aggregated mathematical | “ = == = ... —

model built using the software Stella |- ° ..~ . = = -
Architect. Human module | = ::

2 B0 0——0
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Calibration using Ahero, Kenya data

RMSPE =~ 1 and TBIAS = 0.6%

MB-prevalencelih@dultihosquitoes Totallosquitopopulation

30

Data in Ahero ,I !

* Mosquito data available from July 13, 2021 to L 3

December 27, 2023 (Day 194 to Day 650) n

 Malaria data available from July 2021 to
December 2023
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Metrics are RMSPE (Root Mean Square Percentage o

Error) and TBIAS (Mean Bias).
RMSPE = 0.2 and TBIAS =~ 3.2%

v RMSPE = \/% 2?21 (yt—yt)z Malaria prevalence / So \

Ye While the model
v TBIAS = \/%Z?ﬂ(}"t - V) cannot captur(_e shor_t
RMSPE (Root Mean Square Percentage Error) % Base run terms fluctuatl_ons, It
assesses accuracy relative to the magnitude of g SSRGS does appropriately
- . e .
observed values while TBIAS (Mean Bias) = capture the underlying
highlights the average deviation between observed K trends /
and predicted values.
www.icipe.org Figure 6. Malaria prevzgje(ic:lati: model calibrated to Ahero data. -
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Importance of the strain of MB

Effect of MB transmission rates

MB prevalence variation with transmission rates
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A sensitivity analysis of 1000 runs
where the vertical transmission, male to
female and female to male horizontal
transmission rates are  selected
following a uniform  distribution
between 0.1 and 1.

A low prevalence of MB-infected mosquitoes (<
20%) in adults can be explained either by a low
vertical transmission rate (< 0.5) or a high vertical
transmission (> 0.6 & < 0.75) with a low male to

female horizontal transmission rate (< 0.35).
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Importance of the MB
density in the mosquito

Effect of MB progress rates

EffectlofMB[density[progression@onBprevalence
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In the extinction case which might seem unexpected, the
progress rate from MB1 to MB2 and from MB2 to MB3 is very
low. Thus, most MB-infected mosquitoes have a low CT, which
Is lost from one generation to the next, this easily led to the

extinction of MB-infected mosquitoes.




Predicted impact of MB on malaria prevalence

For various release frequency
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So..
As expected, an increased prevalence of MB-infected mosquitoes contributes to malaria incidence reduction
The shorter the interval time between the releases instants, the better the effects.




Combining MB with other control methods

Effectloflintegrated(Strategies
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We evaluate the combination of MB-based
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MSP SIMULATOR - RELEASE STRATEGY AND IVM Main Page

MB RELEASE STRATEGY
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https://exchange.iseesystems.com/public/millenniuminstitute/msp-35/index.html#page1
https://exchange.iseesystems.com/public/millenniuminstitute/msp-35/index.html#page1
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Jarget areas for MB-based interventions (ongoing)
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Guiding malaria control policymakers

Summary Limitations
+ A system dynamics model was built to analyse the interactive dynamics of MB,
mosquitoes and humans.
v Aweb-interface was provided.
~Scenario analysis were performed

v Limited data

v" Non-assessment of current
implemented

v' Web-interface calibrated to

o Ahero
Key insights v’ Spatial analysis only based on
~ The strain is important as it defines the vertical and horizontal transmission rates climatic variables
~ The density is an important factor, which defines the extinction or persistence of the  v" Multiple vectors
symbiont
~ Climate has a strong effect on the outcome of spread of MB. Next

~ Competition between wild and MB-infected mosquitoes is critical for the success of the
intervention

~ MB alone cannot sustain malaria elimination and multiple releases are necessary but a Cost-benefit
Integrated strategies can sustain malaria elimination

» An increasae of MB-infected mosquitoes would contribute to malaria incidence reduction, analysis
but a cost-effectiveness analysis is necessary to identify the relevant target areas
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Thank you
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