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Anthropogenic changes and the global
. . Imperial College
expansion of Aedes-borne viruses London
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Dengue outbreaks last
month (10 Nov-10 Dec’23):

O Data HealthMap.org Map from Brady and Hay, Annu. Rev. Entomol. 2020

Dengue: 3.9 billion people at risk, 390 million infections per year, and 7 genomes per million cases (2023)

Context



Overview genome sequencing volume
for selected pathogenic viral threats
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Relatively limited genomic sequencing data available for chikungunya
(CHIKV), Zika (ZIKV), and Venezuelan equine encephalitis (VEEV) viruses.
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Exponential growth of genomic
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sequencing data for arboviral threats London

Large post-pandemic increase with 5,340 arboviral genome sequences shared in 2023 alone.
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Mapping sequencing capacity for key Aedes-
borne viruses — DENV, YFV, ZIKV, and CHIKV Loheion 2"

Whittaker & Faria (2023)
Data from NCBI GenBank (>=75% genome) (2023)
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How representative are arboviral
genome sequencing efforts worldwide?

Analysis of DENV sequencing metadata (NCBI)

« Ten countries produce 82% DENV data (Thailand,

Vietnam, China, Brazil, Singapore, Nicaragua,
Cambodia, USA, Venezuela, India).

« Unbalanced genome data per capita in relation to

dengue force of infection: identification of
undersampled hotspots of diversity
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Maximizing the public health benefit of
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genomic sequencing of arboviral threats Lonelon

— Pathogen identification, Providing epidemiological Dpsngn ?“d monltorlng of Investigating arpokus
© . - S : , diagnostics, therapeutics, emergence, persistence,
O | understanding origins of novel characterisation of lineages in : ) o : .
O outbreaks, spillover/spillback transmission hotspots vaccines, investigation of evolution and transmission,
’ phenotypic changes at different scales and cycles
@ . . -
= Pathogen-agnost_lc sequencing Non-random, e.g. climate-and In S'.I Ico assessment, Random representative
g_ of human, mosquitoes and non- mobilitv-informed samolin experimental work (e.qg., ooulation sequencin
&J human primate samples y pling CHIKV A226V) Pop g 9
AGACTAATT[ECGCT
O AGACTAATTECGCT o e
AGACTAATTINCGCT s0
AGACTAATT[ECGCT
AGACTAATT[ECGCT
O e L ocation X
o Location Y
Untargeted sequencing Targeted sequencing Population sequencing

Adapted from "A guide to implementation for maximum impact on public health”, WHO, 2021

Genomic epidemiology



Key components of pathogen
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genomic epidemiology London
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Optimizing the detection of Zika using
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climate-informed temporal sampling London

Targeted sampling and sequencing strategies using Aedes suitability and amplicon-based
sequencing to investigate introduction and persistence of Zika virus in Brazil.
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Implications for risk assessment — ZIKV






Genomic surveillance across mobility corridors with
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synchronized suitability of Aedes aegypti London

Zika silent circulation underlies underreporting Air travel linked to spread of
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Implications for risk assessment — ZIKV



Genomic data improves risk potential estimates
for long-term Zika virus persistence

Probability of persistence
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Arboviral transmission dynamics impacts
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detection and genome sequencing volumes London

« ZIKV has lowest viral titres compared to CHIKV, DENV and YFV (human samples).
* YFV high viral titres, particularly for non-human primate samples.
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Data from the CADDE Project (https://www.caddecentre.org/) generated at IMT-USP Sao Paulo, Brazil.

Implications for risk assessment — ZIKV


https://www.caddecentre.org/

Dengue transmission forecasting improves when
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considering genomic surveillance data London
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Implications for risk assessment — DENV



Real-time genomic surveillance reveals YFV
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transmission cycle at epicenter of large outbreak London
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Implications for risk assessment — YFV
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Climate and land-use shape YFV spread

Imperial College

London
» Collaborative effort across multiple institutions to triple amount of YFV
available data: nearly 15% of confirmed infected humans or NPs.
YFV sylvatic transmission at country-wide scale Hypothesis testing
Augus 2076 ‘ B =084
@ Human (H) @ H sequences ", P B 25 5o %
00154 © Mosquito (MO) 2015 4 H infections r © o . % =
" N v 03
o = 251 F250 S
L ‘\%Nd U)
Ar/j,& 0t . . )
20167 G/ES/RY 2016 1 8 2014 2016 2018
SP .
Ir?y:ﬁgaﬁlfgpgsts ?;Jp;e: 1501 B =0.51 —
I Dry broadleaf o r40 @
— [ Grasslands, shrublands Z 100 1 .g
| 0017 4 — I Moist broadleaf = L0 ®
2017 — August 2017 S 501 W\AN =
— m— Y 1 o
—— _ . 20
—— ] 2014 2016 2018
20181 2018 - E— -
——— 0019 B=-0.61 %
= 2018 @ 1001 5.0 H
-_—— 2017 E 8
2016 1 . ©
= 2015 g 25 3
20191 2019 | mm Viral lineage = >
—— dispersal direction: 0T 00 @
110 100 SN 2014 2016 2018
No. cases

Hill SC et al. BioRxiv under review 2023 (on behalf of the CADDE Project)

Implications for risk assessment — YFV



Pathogen-agnostic genomic survelillance
for arboviral "Disease X"?

Current low-cost (USD 30-55), portable and
sensitive untargeted sequencing protocols
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Final considerations



Pathogen-agnostic sequencing protocols identify
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multiple infections, host and vector species London

Epizootic YFV outbreak in Sao Paulo city Untargeted genome sequencing
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Final considerations



Summary and future areas for research
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« Optimizing the global detection of arboviral threats: climate, mobility, FOI-informed
sampling strategies, focusing on undersampled locations with high transmission.

« Modelling frameworks integrating genomic with other surveillance data (epidemiological,
serological, mobility, entomological, climate) to improve arboviral forecasts.

* Investment in low-cost and temperature insensitive diagnostic tools for known, and rare or
yet unknown arboviral threats to improve arboviral surveillance everywhere.

« Collaborative genomic surveillance as a key component of arboviral risk assessments
needs to be underlined by equity and inclusivity principles — and integrated across
sectors, emergency cycles, and geographic levels.

Conclusions
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