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Usutu and West Nile virus
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 Transmitted between birds and mosquitoes e ¢' ;“ .

e Antigenetically similar
« Qverlapping host range: 34 bird species that can get
infected with both
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Usutu virus in the Netherlands

Observed emergence phase:

Rapid communication

Widespread Usutu virus outbreak in birds 1n the Netherlands,

2016

'.] Check for updates
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Usutu virus in the Netherlands

Multiple wildlife surveillance schemes:
 Reported dead birds

Widespread Usutu virus outbreak in birds 1n the Netherlands, » PCR dead birds
2016 '.] Check for updates ) DCR ||Ve b”’dS
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« Bird population trends

Observed emergence phase:

Rapid communication

Eurosurveillance, 2016

Number of reported dead blackbirds
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Is the main victim solely responsible for transmission?

Country USUV detection (2012-2021)
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Angeloni G. et al. Epidemiology, surveillance and diagnosis of

Usutu virus infection in the EU/EEA, 2012 to 2021. Euro Surveill.

2023;28(33)

Mot specified
Molecular testing
Serological testing

Molecular and serological testing
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Issue 10, October 2015, Pages 609-618.



Leveraging wildlife surveillance data
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Model structure
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Transmission model

- Population dynamics
Q) B8 Abundance

Diapause

Model input layers

Abundance (arbitrary unit)

Mean monthly mosquito abundance
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Data: trap counts

Ibanez-Justicia, A., et al. National mosquito
(Diptera: Culicidae) survey in the Netherlands
2010-2013. Journal of Medical Entomology 52.2
(2015): 185-198.

Van Bortel, W, et al. MODIRISK: Mosquito vectors
of disease, collection, monitoring and longitudinal
data from Belgium. Gigabyte2022 (2022): 1-15.

Data: blackbird point counts

NL: Meetnet Urbane Soorten & Meetnet
Agrarische Soorten
FR: Common Bird Monitoring Scheme
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Transmission model

Model input layers

Bird movement

Daily ¢

ispersal (breeding vs non-breeding season)
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Data: Vogeltrekstation NIOO-KNAW ringing and
dead recoveries of blackbirds in the Netherlands
Hxbhkm



Transmission model

Infection dynamics
g Biting rate & extrinsic incubation period & mosquito
mortality

Model input layers Bird dispersal Transmission model
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Inference
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Model calibration

Approximate Bayesian Computation with SMC sampler

« (Calibration to multiple aspects of outbreak by using several types of blackbird surveillance data
 Use of summary statistics from full datasets

* |ncorporate observation process when known
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Comparing model versions visually

A. Blackbird only

Blackbird population size
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Comparing model versions visually

A. Blackbird only

Blackbird population size
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B. Blackbird &
high-disperser

Blackbird population size

Region
== North
== Middle

1.0+

Relative population size
o
(00]

0.6

2016 2017 2018 2019 2020 2021 2022

— — —  Model output

Observed data
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Birds, Sovon, Dutch Centre for Field
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Comparing model versions visually

A. Blackbird only B. Blackbird & C. Blackbird &
high-disperser nho Usutu mortality &
estimated adult lifespan

Blackbird population size

Blackbird population size

Blackbird population size

1.01

1.01

1.01

Relative population size
o
Relative population size
(]

0.6
0.6

2016 2017 2018 2019 2020 2021 2022

2016 2017 2018 2019 2020 2021 2022

Relative population size
o
oo

0.61

2016 2017 2018 2019 2020 2021 2022

one®

h e a I t h Data sources: Monitoring Scheme Breeding
p a Ct 0 Observed data Birds, Sovon, Dutch Centre for Field

Ornithology

— — —  Model output




Relative population size
o

Comparing model versions visually

A. Blackbird only

Blackbird population size
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Comparing model versions quantitatively

A Blackbird onl B. Blackbird & C. Blackbird & D. Blackbird & high-dispersal &
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Comparing model versions quantitatively

A Blackbird onl B. Blackbird & C. Blackbird & D. Blackbird & high-dispersal &
- Blackbird only high-disperser no Usutu mortality & estimated adult lifespan no Usutu mortality & estimated adult lifespan
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Contributions from reservoir population

Partial Re
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So much for the past -

what about the future?
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Future scenarios: Shared Socio-economic Pathways

High social
sustainability

Low @ g High ‘One Health’
environmental SSP2 environmental .
sustainability sustainabllity scenarios
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Future scenarios: Shared Socio-economic Pathways

OW Extreme weather events [ OW/
OW Pollution

| | OW Threats to biodiversity
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From SSP to transmission risk
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Impact of future scenarios on transmission risk
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Conclusion

Although blackbirds are most severely affected, blackbirds alone can not
explain the observed spread of Usutu virus.

3% Other (bird) species, that disperse further than blackbirds and develop more
Immunity, contributed significantly to Usutu virus transmission.

Y. Risk and size of Usutu virus outbreaks is expected to increase in possible
S future scenarios.
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Characterising the unobserved reservoir

Further dispersal than best estimate for blackbirds
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Reservoir species

Species with seroprevalence higher than

blackbirds in NL surveillance or Austrian
study by Meister et al. (2008)

Species Adult lifespan
blackbirds, 3
blackcaps (Sy/via atricapilla),
long-eared owl (Asio otus),
doves (Streptopelia decaocto),
jackdaws (Corvus monedula),
robins (Erithacus rubecula).
crows (Corvus corone),
magpies (Pica pica),

song thrushes (Turdus
philomeus)

wloo AN IoTTw BN

Estimate:
6.9 years (95%Cl 1.6 - 11.8)
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Also experimental study
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Model versions

Table 1. S5pecification of model versions

Virus Host species . .
introduction Characteristics other host species
Infection Lifespan Dispersal Fopulation
mortality distance distnbution
ratio
A South Blackbird NA MNA MNA MNA
a South Blackbird & Blackbird- Blackbird- I g Blackbird-
ou other like like NETEasEl ke
Blackbird & : Blackbird-  Blackbird-
C South other £erno Estimated like like
Blackbird & : Blackbird-
D South other fero Estimated Increased like
Sensitivity analyses”™
Blackbird & - Blackbird-
51  Everywhere other fero Estimated Increased like
52  South HEa il Zerno Estimated Increased  Uniform
other
Elackbi(d with Elackt_}ird— _
S3  South alternative Zero Estimated  eWith — Blackbird-
dispersal™ & alternative  like
o n e % other dispersal™
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equal breeding season movement.

* Sensitivity analyses were based on model D, because this was the besi-fitting model from options A-D.
** In the "blackbird-like with aliernative dispersal’ scenario, post-breeding season movement was increased to




Characteristics additional host species Sensitivity analyses
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. D: Reservoir host: increased dispersal &
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S1: Introductions country-wide
. S2: Uniform spatial distribution reservoir host
. S3: Alternative movement distances




All fits

A B
Relative number of dead blackbirds (untested) Blackbird population size
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Scenario input
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