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Globalisation and Human diseases

1. Expansion of vectors

Q _ Tatem et al. PNAS (2615):

3. Higher prevalence of
infectious diseases

2. Expansion of pathogens

INVS (2007)
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The most important arboviruses

Chikungunya

Tanzania (1952)

Dengue 1
Japan (1943)



Transmission cycles

.

Non-human primates
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Arboreal canopy-dwelling

Aedes spp. Bridge vectors? Anthropophilic mosquitoes
Aedes aegypti
Aedes albopictus




The same epidemic vectors

- Aedes aegypti
B Aedes albopictus Y -

Houé et al. Emerg. Microbes Infect. (2019)

- Ae. aegypti and Ae. albopictus
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Aedes mosquitoes

Mosquito Aedes aegypti :% Aedes albopictus e o
species African S| Asian o
-
Ecology "F

Active time

Blood feeding
behavior
Distribution
Arboviruses Dengue, chikungunya, yellow | Dengue, chikungunya, zika,
transmitted | fever zika Japanese encephalitis
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What makes a mosquito competent?

Vector
competanca

i
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Shaw & Catterucia. Nature Microbiol (2019)
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Vector competence
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Bellone & Failloux. Front. Microbiol. (2020)
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Dengue: a threat for Europe

Presence of dengue
I High

[ Medivm

1 Low

J L R —

Guzman & Harris. The Lancet (2014)

DENV-1
DENV-2

1 million cases
1000 deaths

The 1927-28 outbreak in Greece
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Aedes aegypti in Europe

Today
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Schaffner & Mathis. Lancet Infectious Diseases (2014)

Tomasello & Schlagenhauf. Travel Medicine and Infectious
Diseases (2013)
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Aedes albopictus in Europe

Aedes albopictus
Current known distribution: September B2

= Racently prasent
W Absent

= Modata
Unknown :

Qutarmaost regions

= Azores (PT) f

= Canary Islands (ES)

= Madeira (PT) ¥
= Svalbard/Jan Mayen (NO)
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Tomasello & Schlagenhauf Travel Med Inf Dis (2013)
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A scenario of Ae. albopictus migrations

North

America
(1985)

Mediterranean
s Basin (1979)
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Pacific
Qcean
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Central

South . Africa (2011) .P.RS;
Main America MAs 5,y STD
Lineage (1986) La Réunion
M K1 (18th century)
0 K2
B K3
B K4 S .
B K5 CHIKYV dissemination efficiency (DE): ASIAz ECSA E1-226V > ECSA
B K6 CHIKY transmission efficiency (TE): ECSA E1-226V > ECSA = ASIA

Vega-Rua et al. Commun. Biol. (2020)
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DENV back to continental Europe in 2010

Aedes albopictus
Current known distribution: October 2014
m Established
Introduced
= Absent
= Mo Dota
Unkngwn

Cutermost regions

= Azgres (PT)

= Canary Ilands (ES)

= Madeira (FT)

= SvalbardiJan Mayen (NO)

2013, 2014
Marseille

Nimes
2015

PACA,
Occitanie
2018

PACA
2019

PACA,
Occitanie
2020
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Transmission rate (%)

European Ae. albopictus for DENV

France
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Vega-Rua et al. PLoS ONE (2013)

Diszeminated infection rale (%)
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Alessandria
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Comella Martorall Nica Saint-
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Bellone et al. Sci .Rep. (2020)
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Disseminated infection rate (%)

Aedes albopictus and dengue
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CHIKYV arrive in Europe in 2007

Aedes albopictus
Current known distribution: October 2014”
) = Established
|I Agian Introduced

= Absent
genotype = No Dota

Indie Unknown
1960s-1970s

Qulermest regions

= Azores (PT) T
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= SvalbardiJan Mayen (NO)
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African genotype
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Powers et al. J Gen Virol (2005) 2014
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Transmission rate (%)
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2010: CHIKV in France

M AA-INDIA

kM AL-South of France

3 6 9

Day post-infection

Vega-Rua et al. PLoS ONE (2013)

Transmission efficiency (%)
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Mariconti et al. Sci. Rep. (2019)
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Risk of Ae. albopictus-mediated CHIKV
transmission in Southern Europe
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Aedes albopictus and chikungunya

100

(0]
o

60

40

20

Disseminated infection rate (%)
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ZIKV emergence

.
o]
-fb. Uganda
O (1947)
" | French Polynesia Brazil "‘}’ .
(2013) (2015) ‘

B Locally acquired cases
or virus isolation

[] Serosurvey data only

Fauci & Morens. N Engl J Med (2016)
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May 2015: First cases in Brazil

100 1

Rio de Janeiro (Brazil)
June 2015 - May 2016

1,683 mosquitoes captured (720 @ + 963 &)

Number ZIKV-
Mosquito species captured Q /& | infected
pools
315 Q 2
Aedes aegypti 550
235 1
20 Q 0
Aedes albopictus 26
6 0
385 0
. Culex . 1107 ¥
quinquefasciatus 722 & 0

Ferreira-de-Brito et al. Mem Inst Oswaldo Cruz (2016)
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Chouin-Carneiro et al. PLoS Negl! Trop Dis (2016) ©
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Infection rate (%)
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Cx. pipiens complex and ZIKV

Infection

m Cx. quinquefasciatus m Cx. pipiens

Days post-infection

Dissemination efficiency (%)

Transmission efficiency (%)
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L
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Transmission

B Cx. quinquefasciatus  ® Cx. pipiens

3 7 14 21

Days post-infection

Amraoui et al. Eurosurveillance (2016) ©
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No transmission by Culex spp.

Head (Replication)

m Cx. quinquefasciatus Cx. pipiens
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Risk for Europe
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Jupille et al. PLoS Negl Trop Dis (2016) @
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Transmission efficiency (%)

Ae. albopictus France more competent for
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Vazeille et al. Emerg. Microbes Infect. (2019)
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Yellow fever remains a major public

health issue

2 lineages

5 lineages

$

Nigeria
1927

Wasserman et al. Int J Infect Dis (2016)

Each year:
« 200,000 cases
30,000 deaths
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Risk for Europe

Virus genotypes Denmark and France (2016-17)
@ Angola 3 confirmed
@ East Africa 1death
® South Amer!ca I France, Netherlands, Switzerland,
¢ %{’”mme;‘m ! Great Britain, Romania (2018)

est Africa?

1 confirmed in each country

2 deaths
—i- @ Vellow fever

spread

===+ Imported

China (2016)
. 11 confirmed
s 1death

Uganda (2016)
/B8 suspected
S 6 confirmed
4 0 deaths

Brazil (2016-18)
1530 confirmed
496 deaths

, Kenya (2016)

] 2 confirmed
/' ldeath

DRC (2016)

2987 suspected

Peru, Bolivia (2016-1
88 confirmed
32 deaths

Chile (2018) 81 confirmed
3 confirmed 16 deaths
2 deaths
Nigeria (2017) Angola (2015-16)
Argentina (2018) 358 suspected 4347 suspected
4 confirmed 32 confirmed 884 confirmed

0 deaths 9 deaths 377 deaths

Barrett. Science (2018)
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Emergence of arboviruses in two steps

1. Adaptation of the vector to a new biotope

\) First record of *
\ ‘ 2 % Adches afbopicts
Ky
“ Uninown or no
|||||
'-|L v = 1950-1580 }
. o 1581-1590
o 0 20m 1600 S s s <
I 2001 -present

Bonizzoni et al. Trends Parasitol (2013)

2. Adaptation of the virus to different vectors

Wessquen sy

Coffey et al. Future Microbiol (2013)
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