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Talk outline

1. Overview of research program

2. Review of malaria & mosquito 
modeling work

3. Application of close-kin mark-
recapture methods to mosquito 
populations

4. Opportunities for collaboration



Mathematical modeling of infectious diseases





Mathematical modelling of malaria
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What do you think the R0 for malaria is?

Ebola (2)      COVID (2.5)         HIV (4)               Mumps (10)                   Measles (16)
                              (2020)

More contagiousR0
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Basic reproductive number, R0, for malaria

R0 =                          R0,H→V                           x                             R0,V→H
             Average number of mosquitoes                     Average number of people 
        infected by a typical infectious person      infected by a typical infectious mosquito



Basic reproductive number, R0, for malaria

• Smith DL, McKenzie FE, Snow RW, Hay SI (2007) PLoS Biology 5: e42

R0 for malaria 
can be as high 
as 3,000

For highly-endemic 
areas in sub-Saharan 
Africa, R0 tends to be 
~100 (50-200)

Places with 
R0 < 10 have 
promise for 
elimination



Why we need new malaria control tools

• World Health Organization (2023) 2023 World Malaria Report



Current interventions are not sufficient

Not possible!

+

• Walker PGT, Griffin JT, Ferguson NM, Ghani AC (2016) Lancet Global Health



• Kiware SS, Chitnis N, Tatarsky A, Wu SL et al. (2017) PLoS ONE

Integrated vector management



Construct cuts recognition site
and serves as template for repair

Gene drive strategies for mosquito control

• Raban R, Marshall JM et al. (2023) Annual Review of Genetics



Predator Free 2050

• Esvelt KM, Gemmell NJ (2017) PLoS Biology



Modeling needs for gene drive mosquito projects

• Raban R, Marshall JM et al. (2023) Annual Review of Genetics



• Wu SL, Bennett JB, Sánchez HM et al. (2021) PLoS Computational Biology

Mosquito gene drive explorer model



• Carballar-Lejarazú R, Dong Y, Pham TB, Tushar T et al. (2023) PNAS

Inheritance models



• White MT, Griffin JT, Churcher TS et al. (2011) Parasites & Vectors

Mosquito life history models



• Wu SL, Bennett JB, Sánchez HM et al. (2021) PLoS Computational Biology

Landscape models
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• Griffin JT, Hollingsworth DT, Okell LC, Churcher TS, White M et al. (2010) PLoS Medicine 7: e1000324

Epidemiology models



Gene drive spatial simulation in São Tomé



Close-kin mark-recapture to estimate dispersal

• Williamson DH, Harrison HB, Almany GR, Berumen ML et al. (2016) Mol. Ecol. 25L 6039-6054



Close-kin mark-recapture framework

• Bravington MV, Grewe PM, Campbell RD (2016) Nature Commuications



Close-kin mark-recapture to estimate abundance

• Hillary RM, Bravington MV, Patterson TA, Grewe P, Bradford R et al. (2018) Scientific Reports



Mosquito life history model

• Sharma Y, Bennett JB, Rašić G, Marshall JM (2022) bioRxiv



Mother-larval offspring pairs

• Sharma Y, Bennett JB, Rašić G, Marshall JM (2022) bioRxiv



Mother-larval offspring pairs

• Sharma Y, Bennett JB, Rašić G, Marshall JM (2022) bioRxiv



Larva-larva full-sibling pairs

• Sharma Y, Bennett JB, Rašić G, Marshall JM (2022) bioRxiv



Larva-larva full-sibling pairs

• Sharma Y, Bennett JB, Rašić G, Marshall JM (2022) bioRxiv



Inference of demographic parameters

• Sharma Y, Bennett JB, Rašić G, Marshall JM (2022) bioRxiv



Inference of dispersal parameters



Ongoing field work in Singapore



Areas for collaboration

1. Variance estimation for close-kin mark-recapture studies

2. Application of close-kin mark-recapture methods to populations 
with seasonal trends

3. Sampling strategies to estimate propagule size for an invasive 
species (or allele)

4. Availability for co-advising University of Auckland PhD students

5. Current postdoc & researcher positions available at UC Berkeley



Detection of allele before it becomes too prevalent
● Explore optimal density & placement of traps & frequency of sampling to detect drive alleles, 

drive-resistant alleles or non-functional effector genes early enough to be managed.
● Expected to be a major cost driver.

• Rašić G, Lobo NF, Jeffrey Gutiérrez EH, Sánchez C. HM, Marshall JM (2022) Frontiers in Genetics



Trap placement to minimize time to detection

• Sánchez C. HM, Smith DL, Marshall JM (2022) https://pypi.org/project/MGSurvE/

● MGSurvE can inform trap numbers & 
distribution to detect unwanted spread of H or 
R alleles within a desired timeframe.

https://pypi.org/project/MGSurvE/
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