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> Global causes of deaths

Top 10 global causes of deaths, 2016

Deaths (millions)

Ischaemic heart disease

Stroke

Chronic cbstructive pulmonary disease
Lower respiratory infections

Alzheimer disease and other dementias

Cause Group
Trachea, bronchus, lung cancers

- Communicable, matemal, necnatal

Diabetes mellitus and nutritional conditions

Road injury

- Noncommunicable diseases

Diarrhoeal diseases B injuries
Tuberculosis

Sounpe: Global Health Estimates 2016: Deaths by Cawse, Aze, Se, by Country and by Resion, 2000-2016. Geneva, World Health Onzanization; 2018.

https://www.who.int/en/news-room/fact-
INRAZ sheets/detail/the-top-10-causes-of-death
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> Emerging infectious diseases

After WW Il : vaccine, antibiotics, hygiene
- infectious diseases fight is a matter of applying known measures of control

1980’s : AIDS, Antimicrobial resistance

- Emerging Infectious Diseases
(S Morse USA 1990)

of emerging diseases in
human are of animal origin

https://wwwnc.cdc.go
v/eid/article/10/12/ac-
INRAZ 1012 article
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https://wwwnc.cdc.gov/eid/article/10/12/ac-1012_article

2 Emergence of zoonotic diseases since 1900

AIDS 1981
HIV
50 0000 0000 [ ) 30 milg)ns deaths
10.000.000 Spanish flu 1918
HIN1 inflyenza Hong Kong flu 1968 Covid-19 2019
50 millions deaths H3N2 influenza SARS-Cov-2
_ 1,000,000 700,000 deaths @ > 250,000 deaths
% Asian flu 1957 A flu 2009 @
100,000 H2N2 influenza HINlinfluenza )
= 100,000 deaths 15,000 deaths
E 10,000 West Nile virus USA @ @ Ebola virus 2014
S ) 1999, 2,000 deaths 11,000 deaths
S Ebola virus 1976 ® SARS-CoV 2’002
- 1,550 deaths -0
% 1,000 ® ® 770 deaths
k) H5N1 influenza 1997 ~ MERS coronavirus
= 100 371 deaths — 2012, 54 deaths
Nipah virus 1999 H7N9 influenza 2013
250 deaths 44 deaths
10
Hendra virus 1994 @
. 4 deaths ® @ Zika virus 2016
1900 1920 1940 1960 1980 2000 2020
INRAZ Years HIN2, H7N7 influenza 1999
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From Lowenthal et al 2015. Emerging viral diseases



> Risk of emerging zoonosis in humans

Allen et al 2017 Nature communication
v Tropical forest regions
v High species richness in mammals
v Links with changes in land use

Fig. 3 Heat maps of predicted relative risk distribution of zoonotic EID events. a shows the predicted distribution of new events being observed (weighted
model output with current reporting effort); b shows the estimated risk of event locations after factoring out reporting bias (weighted model output

reweighted by population).



> Emergence of zoonoses

Animal viruses with

high host plasticity ?:;

>
R
re

Vectors

Figure 1. Pandemic properties of zoonotic viruses that spill over from animals to humans and spread
by secondary transmission among humans.

INRAZ
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> Source of pathogens

High biodiversity

Mammal species richness

200 P
150
100

50

cumlative no. of virus species

1920 1940 1960 1980 2000 2020
year

Woolhouse et al 2008. Proc Royal Soc Lond B
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High number of infectious diseases

2.38
I

Number of ID
2.34
|

2.30

2.26
|

Birds & Mammals

Estimation of 320,000 mammalian viruses
awaiting discovery (in nine virus families)

Anthony et al 2013 MBIO

p. 7
(Morand & Lajaunie 2017)



> Emergence of zoonoses

”Source” characteristics

Animal-to-human

spillover of
viruses

v’ Phylogenetic distance between hosts
v Pathogen characteristics

Animal — human contacts

v' Domestication & livestock
v’ Biodiversity & landuse changes
v" Wildlife consumption and trade

Vulnerability of humans

Figure 1. Pandemic properties of zoonotic viruses that spill over from animals to humans and spread
by secondary transmission among humans.

INRAS From Olival et al. Nature 2017 ; Kreuder et al 2015 Scientific Report
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> Livestock

WEIGHT OF VERTEBRATE
LAND ANIMALS

TODAY
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2 Importance of domestication

Nb of infectious diseases
shared with humans

Nb of years of
domestication

Morand & Figuié 2016. Emergence de maladies infectieuses.
Risques et Enjeux de société. Ed Quae

INRAZ
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> Livestock
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Fig. 1

A simplified schematic of fitness variation of a virus following

replication in a constant environment
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Value in US Dollars

B. Global trade of live animals
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Travoa & Nelson 2020 PloS Pathogens
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Drew et al 2011. Rev Scien Tech OIE



> Biodiversity loss

High biodiversity

Richesse en especes de mammiferes

Threat on biodiversity

Ylapupa! species at threat

. Emerging zoonoses
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> Biodiversity loss — Regulation loss

L ¥

INRAZ
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Lyme cases per 100 000
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> Biodiversity loss — Regulation loss

H2= 0.35
e Predation
'.-\_ - v Small Mammal
L Predators, P

N

.*.T \-," r?- .ﬁ\' Blacklegged tick
.----" H-.-r'-t\-?‘ #
. L

Ostfeld 2012. Ann Rev Syst Evol
Levi et al 2012. PNAS i
o N
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Dilution effect is robust accross biodiversity gradient involving biodiversity loss
Halliday et al BIORXIV
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> Landuse change

Virus Nipah, Malaysie 1998

Other fruit bat picks u Pteropus spp.-
MNiV from date palm sa

\\‘ %51 reservoirs of Ni

Deforestation for palm
tree plantation 2>

Fruit bats w"rth
NiV feeds on
date palm sap
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> Wildlife consumption and trade

Wet markets Bush meat consumption

For );r;ritive purposes

[ e S

Kurpiers et al 2016 In Problematic Wildlife, Springer

INRAZ
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> Wildlife consumption and trade

Legal trade lllegal trade

An
Incredible
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> Emergence of zoonoses

Pathogen factors
v' Infectious dose
v Shedding before symptoms

Animal viruses with Animal-to-human Amplification by
high host plasticity spillover of uman-to-human v Immune evasion
viruses transmission

Human factors
v" Crowding
v Promiscuity

. l Vectors %%
p A

Environmental factors
v" Poor health care

Figure 1. Pandemic properties of zoonotic viruses that spill over from animals to humans and spread
by secondary transmission among humans.

INRAS From Richard et al 2017 Curr Opin Virol
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> Emergence of zoonoses

Animal viruses with Animal-to-human Amplification by

high host plasticity spillover of human-to-human
viruses transmission

>
D
e

Vectors

Viruses

Global Spread

Figure 1. Pandemic properties of zoonotic viruses that spill over from animals to humans and spread

by secondary transmission among humans.

INRAZ
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> Global patterns of outbreaks

World
Global patterns of outbreaks of infectious diseases
0.8 1962 globalization of epidemics
0.7
-
T
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T U.G'
o
£
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0.4 local ! global
1940 H960 1980 2000 2020
year
Data source: Gideon
Morand 2015. Basics in human evolution; Morand & Walther soumis
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> Concluding remarks

v' 75% of emerging infectious diseases in humans are from animal origin
v" Human pressure on the environment intensifies exposure of wildlife to human
v’ Spread of diseases is accelerated through globalization

What can we do ?
» Early warning and action —> preparedness, cooperation
» Limit wildlife — human interface
* market / trade / bushmeat —> balance between prohibition, regulation and
support
* human disturbance of habitats —> reduce human footprint, relocalisation

» Need of integrated approach of health and ecological crises

» Foster resilient socio-ecosystems regarding sanitary and ecological risk

INRAZ
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> Thank you for your attention
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