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REVIEW OF PUBLISHED EVIDENCE ON EFFECTS
CLIMATE CHANGE ON DISEASE
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NUMBER OF GLOBAL ABUNDANCE AND LIFE-CYCLE

COMPLETIONS AEDES SPP.

« The change in the potential of
global abundance in A. aegypti over
the last century: estimated 9.5%
increase globally

* Further estimated increase of 20 or
30% by 2100

« Same pattern when looking at
(increased) number of life cycle
completions

Iwamjura et al, 2020, nature comm, 2020;
Liu-Helmersson et al, 2019
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CLIMATE CHANGE:

Changes in vector distribution and vector competence, but also:
changes in bird migration and resident bird populations

Threats to European—African migrants

Bird populations are in steep decline despite not migrating across

the blackspots of illegal killing. Habitat degradation and loss are likely the
most important causes, but climate change also affects populations.

Western European-
African flyway
Climate change R .
Earlier arrival at breeding 2 :
grounds causes ecological % .
mismatch between birds .y o s
and their insect prey. flycatcher . <
: ® '.
'. ..
.0. ) ..
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Habitat degradation
and loss
Increase in agriculture at
the expense of natural
vegetation affects birds
at breeding sites, winter
habitats, and along Turtle dove
migratory routes.
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Eastern European-

African flyway

Global warming moves plant
and insect phenology earlier
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West Nile Virus

B Viremia increases rapidly
in the bird population. C Culex mosquitoes feed

on and infect birds.

D WNV amplifies by vertical
transmission in mosquitoes.

A Cycle begins with the
infection of the bird population.
F Culex mosquitoes feed

on mammals, infecting
a dead-end host.

E Culex mosquitoes feed on
birds, infecting new hosts.

Erasmus MC




Conceptual model for system approach to
understanding vectorborne diseases
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Franklinos et al Lancet Infectious Diseases 2019
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ONE HEALTH SURVEILLANCE (1)

A. Introduction

B. Local circulation

C. Public health
consequences

"

e

Monitoring introduction of viruses and vectors

Sentinel surveillance

One health surveilance for local circulation

Response surveillance and actions

Erasmus MC



ONE HEALTH SURVEILLANCE (2)

o

~f ﬁk :
Integration with /Molecular diagnostics Serology

AlV monitoringsequin(?ing
Phylogenetics

Epidemiological monitoring
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MOSQUITO COLLECTION

Looking for overwintering sites Mosquito trapping on bird ringing sites
- Aspirator - - molasses fermentation-baited BG-pro traps

Erasmus MC
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WILD BIRD TRAPPING

Erasmus MC
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2020: DETECTION OF WEST NILE VIRUS IN THE NETHERLANDS

Sikkema et al Eurosurveillance, 2020

. Location of West Nile virus detection in
Common Whitethroat and Culex pipiens mosquitoes

Mosquito trapping location
X

Dead birds surveillance
Dead found wild birds sampled and tested

Captive birds: number sampled and tested per zoo
1-2
e 3-10
® 1-20
® 21-32

Live wild bird surveillance

Number of birds sampled and tested per municipality
0
1-2

Bl 3-10

B 11-30

I 31-90

B 91 - 221
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2020: DETECTION OF WEST NILE VIRUS IN THE NETHERLANDS

Common whitethroat, Utrecht, 22 August

2/44 Culex mosquitoes pools from regular surveillance, Utrecht, August and September

3/101 Culex mosquitoes pools from increased surveillance, Utrecht, September

Rapid communication & Open Access

First autochthonous human West Nile virus infections in the B3 o

Netherlands, July to August 2020 M) Check for updates @ Download

ol npl2 g FT Thijsen®3, Johan Reimerink?#, Piete

|
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ANALYSIS OF GENETIC INFORMATION

2000 2005 2010 2015 2020

» Sequences from the
Netherlands are closely
related: one introduction?

- Slovenia 2018,
Czech Republic 2013
. Germany 2019

- Austria 2015

e Czeoh Republic 2013  Clusters with Germany 2019
TS 016 sequences (origin?)

0.82

Austria 2016

0.9 - Germany 2019

Ghicken Netherlands .
gglr%)%on chiffchaff | Aug-Sep 2020 PredICted ancestor dates
S sparrow from (between Nov 2017-
Suiex Sep 2019, 95% CI)
ulex
s ! (moment of introduction?)

Oude Munnink et al, unpublished Erasmus MC
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WNV DISPERSAL EUROPE / INCURSION SOURCE NL

@ bird

© dog

© horse

© -human
® mosquito

Lu Lu et al, biorxiv, 2022

01-Dec-2003

\ed::

https://www.veo-europe.eu

Combined with other types of data as potential
explanatory variables

Mammal species richness

Bird species richness

Climate - time — temperature — precipitation
Human density

Farm/4/urban land density

Erasmus MC
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USUTU VIRUS AS A MODEL FOR WNV ?

0.05 subs/site

b USUV lineages
in dead blackbirds

* Africa 3.1
* Africa 3.2
¢ Africa 3.3

® Europe 3

USUV genomes from
the Netherlands

2016
2017
2018

Latest USUV identification,
by municipality
2016
3 2017
[ 2018

Oude Munnink et al, Sci rep, 2020

|
.

urope 1 Africa1
Europe 2

|I Europe 5

_'__(iuf‘ Af"c:f:ca 3

I Africa 3.1
Africa 3.2

)

Africa 3.3

|| Europe 4
El.frope 3

« Same virus family, as well as wild bird hosts
and mosquito species as vector

* Frequent detections in the Netherlands,
including in blood donors (Zaaijer at al)

« USUV much more prevalent
 Likely overwintering (but where?)

Erasmus MC
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WNYV IN THE NETHERLANDS - 2022

. . gggggeﬁgg.?_unitnwn_Madaga%%%_ 1978 TRI1S91291.0
» Partial genome of 479 nucleotides o T 1478221 unkiown SoihAfica- 1958
» Clusters with 2020 Dutch sequences

« Additional partial sequence information
confirms this connection

96

HM147823.1 unknown_Madagascar_T988 ]
KJ934710.T_Hyalommamarginatummarginatum_Romania_2013
%20?’?91 J_mosquito_| talyéjm_ 4
25721.1_Homosapiens_Russia_2007
HM147824.1 unknown_DemocraticRepublicoftheCongo_1958
EF429200. 1_Homosapiens SouthAfrica_1958
2HM052152T_equine_SoufhAfrica_1977
EF429199.7 Homosapiens SouthAfrica_2000
2 AY532665.1 StrainB956_EMCPosCHri2
= EF429 1_Homosapiens SouthAfrica_2001
EF429197 1 Homosapiens_SouthAfrica_1989
5dN39:3308.1 horse_SouthAfrica_2008
@5934’9.1_H0m05gpien5 Flungarg 2014
f_;] 96016.1_Culexpipiens Serbia_2010
%?‘9640.1 oshawk_Austria_2008

537483, Culexpiﬂensmosguitctnfool_GreeoejmD
496015.T_horse_Hungary_201

—1§J883346.1"I—|0mosapiens_Greece 2013
—3KC407673.1_northerngoshawk_Serbia_2012
F KF179639.1 Homosapiens Greece 2072
r . JKP780839.T_Nestomotabilis_kea_"Austria_2011
780838.1_Nestornotabilis_kea__Austria_2009
780837.1"Nestornotabilis_kea_Austria_2008
r KF6472511 Homosapiens Italy 2013
109692.1_TCulexpipiens_Austia_2014
858070.1_Homosapiens agie_SE' sex_male_ltaly 2011
I ¥P780840.T Nestornotabilis_kea Ausfria_2014
- KT207792.7_mosquito_Italy 2014~ ]
r M203861.T_Culexmodesfus_CzechRepublic_2013
203862.1 Culexmodestus _CzechRepublic 2013
t(ul\é1203863.1__Culexmodestus_ﬁzechRepublic:2013

L]
il i}
o0

22B01475 GreyHeron Netherlands_Hippolytushoef 2022-03-20

Erasmus MC
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CONCLUSION

« Arbovirus burden of disease Is expected to increase in
coming decades

 Arbovirus surveillance and research requires a One Health /
Ecohealth approach

« Animal and vector surveillance can serve as early warning for
WNV circulation

T Erasmus MC
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CAN WE PREDICT EMERGENCE
OF ARBOVIRUSES?

A Climate e Extreme rainfall and long term drought
e Temperature

e Groundwater upwelling

e Salt intrusion Changes in
A Water management  § Wetland development Disease risk

e Water storage in cities (e.g., roofs)

e Abundances
e Species composition

A Mosquitoes

A Birds * Species composition and abundance
* Movements

R

PANDEMIC & DISASTER Preparedness Center (PDPC)
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EFFECTS OF CLIMATE CHANGE ON VECTORBORNE
DISEASES: NOT ALWAYS STRAIGHTFORWARD

« Climate change can have direct effects on vectors, non-human hosts and humans

« This will in turn influence transmission dynamics, geographic spread and re-emergence
of vector-borne diseases

1. Temperature

» Higher (too high) temperatures can also have a negative effect
on vector competence (f.e. vector survival, adult body size and
feeding)

2. Precipitation
» can affect vector breeding habitat both in positive and negative
ways
3. Host abundance, behaviour and movement
» subsequent effect on dispersal and spread of vectors and viruses

crasmus MC



Birds and mosquito borne viruses (arboviruses)

 Wild birds are reservoir host for several arboviruses
West Nile Virus (WNV)
Usutu Virus (USUV)
Japanese Encephalitis Virus (JEV)

Equine encephalitis viruses (EEEV,WEEV,VEEV)
Sindbis Virus (SINV)
and more..

 Birds play a role in the introduction and spread of these
viruses

 Birds also carry ticks, which are transported along bird
migration routes

Erasmus MC
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