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Ebola virus transmission

Bodily fluids
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Ebolavirus ecology: complex interplay between species

O Confirmed pathways

Modes of transmission

. Contact with feces of infected animal @ Contact with dead infected body Contact with living infected entity

. Meat of infected animal consumed (. Contact with infected medical Ingest fruit partially eaten by
equipment infected animal
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-Filoviruses and their outbreaks
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Why is Ebola virus special?

disease

Z0onoses

Human-to-human
transmission

Transmission
—) assso—

from reservoir

o Reservoir

100 days 200 days 300 days

@ 1976 DRC (Yambuku) ()~~~ {p——§
@ 1977 DRC (Bonduni) {) )4
€ 1994 Gabon (Mekouka) ()~~~ {4
@ 1995 DRC (Kikwit) (===~ i
© 1996 Gabon (Mayibout 2) { )~ {H——4
() 1996-1897 Gabon (Booue) )=~ =~~~ —4
@ 2001 Gabon/RC (Mekambo/Mbomo) -4l
© 2002-2003 RC (Mbomo) ()=~~~ {4
© 2003-2004 RC (Mbomo) {}~~{—4
(@ 2005 RC (Etoumbi) {)~-{—4
{ 2007 DRC (Bamoukamba 2) {)~===-~ E . |

{P 2008-2009 DRC (Luebo) } O s
{B) 2013-2016 West Africa (Meliandou) )=~~~ 4 7

2014 DRC (Inkanamongo) { -~
U
(D 2017 DRC (Likati) {)-~{—4
(D 2018 DRC (Bikoro) (}--{h—§ >600

days
{® 2018-present DRC (Mangina) ()~~~ ~~~ oS D
G Primary G Index ’ Final -~~~ Unrecognized transmission
case case case  —— Declared outbreak

Matson et al, 2020 EMI



Ecology between hosts

— Host interactions
— Ecological niches
— Transmission

Ecology within the host

— Immune response
— Virus mechanics
— Persistence
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4 Lymph node: infection

of macrophages and

L. dendritic cells leading
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¥ ofthe hostimmune
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Liver: infection or necrosis
of hepatocytes leading to
dysfunction and decreased
production of clotting
factors

Adrenal gland: infection
#%  or necrosis of adrenal cortical
cells leading to an impaired
synthesis of steroids

Lymph nodes
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Feldmann, H., & Geisbert, T. W. (2011). Ebola haemorrhagic fever. The Lancet



(Kemenesi etal. 2022; doi: 10.1038/s41467- 022-32735-w)
(Kemenesi etal. 2018; doi: 10.1038/s41426- 018-0067-4)
(Negredo et al. 2011; doi: 10.1371/journal.ppat. 1002304)

Lloviu virus

Schreiber’s bat
Miniopterus
schreibersii

(He et al. 2024; doi; 1010

Dehong virus

Leschenault's
rousette
Rousettus
leschenaultii

Marburg virus

Egyptian rousette
Rousettus
aegyptiacus

(Towner etal. 2008; doi: 10.1371/journal.pone.00007 64)
(Towner etal. 2009; doi: 10.1371/journal.ppat. 1000536)
(Ammann et al. 2012; doi: 10.137V/journal.ppat.1002877)

3/pnas. 2313789121)

Bats as Filovirus Hosts

(Yang etal. 2019; doi: 10.1038/s41564- 018-0328-
1Y

Méngla virus

Rousettus sp.

Bombali virus

Mops condylurus
Chaerephon
pumilus

(Lebarbenchon et al. 2022; doi: 10.3201/eid2812.220853)
(Kareinen et al. 2020; doi: 10.3201/eid2612.202925)
(Karan et al. 2019; doi: 10.3201/eid2509.190581)
(Forbes et a;. 2019; doi: 10.3201/eid2505. 1816 66)
(Goldstein et al. 2018; doi: 10.1038/s41564-018-0227- 2)
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(Agnarsson et al. 2011; doi: 10.1371/currents. RRN1212)



Ebolaviruses: Evidence for bats as the reservoir

>

O Sudan virus outbreak

Mops condylurus (Angolan free-tailed bat): host for Bombalivirus — Sierra Leone and Kenya



Ebolaviruses: Evidence for bats as the reservoir
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|| O Bundibugyo virus outbreak
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Ebolaviruses: Evidence for bats as the reservoir
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' Ebola virus outbreak]

Science

E. franqueti H. monstrosus

M. inflatus

Mineopterusinflatus (Greater Long-fingered bat): 25% EBOV genome
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Ecological niche mapping identifies putative bat host species for EBOV

Epomops franqueti

h 4 Myonycteris torquata

Hypsignathus monstrosus

2=

— Judson et al., PLoS Pathogens 2016



Marburg Rousettus host mapping shows clear spillover risk

Amman et al., EID 2023






Ebolavirus: changing spatial connectivity in Africa
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Ebolavirus, bats as bushmeat, DRC 2017




Ebolavirusoutbreak West Africa, Liberia
- Sexual transmission -

175 Days
155 Days
Oct. 3 March 7 March 27 April 28
S: Second blood Sand Pengagein  5: First semen S: Second semen
sample tests sexual intercourse sample tests sample tests
EBOV-negative EVD-positive; EBOV-negative
March 14 p. Djes from
S: Firslt btlo-:;ld 'SDcéx{ onset | May 2
sample tests : Exits - The
i March 19 S: Third
EBOV- t ETU
negate P: Enters 59"“9?
ETU sample
geEprEt:ri | tests
"ETU March 20 EBOV-
P: Blood sample negative
J tests EBOV-positive l
- L] L] - L] l -
September 2014 October 2014 November 2014- March 2015 April 2015 May 2015
February 2015
Sept. 9
S: Estimated
EVD onset
179 Days
199 Days

Christie et al., MWWR 2015
Mate et al., NEJM 2015



Multiple origins of Ebola virus Disease outbreaks

SUDV 1979 Nzara
SUDV 1976 Nzara
SUDV 2012 Luwero
SUDV 2000 Uganda
SUDV 2012 Kibaale
SUDV 2011 Uganda

SUDV 2004 Yambio
100 d

EBOV 2013 Guinea
{ EBOV 2021 Guinea
EBOV 2008 DRC
EBOV 2007 DRC
EBOV 2002 Gabon
EBOV 2003 ROC

EBOV 1995 DRC
EBOV 1996 Booue
EBOV 1996 Mayibout

EBOV 1994 Gabon

EBOV 2014 DRC
EBOV 2018 Equateur
EBOV 1976 DRC
EBOV 1977 DRC
EBOV 2018 North Kivu
EBOV 2017 DRC

100 TAFV 1994

100 [ BDBV 2012 DRC

L BDBV 2007 Uganda

0.2 Mate et al., NEJM 2015

Judson etal., JID 2023



Knowledge gaps and perspective

The diversity of filoviruses in bats / reservoir hosts is still poorly understood
The geographical “at risk” area increased dramatically overthe last decade
Multiple species are involvedin the circulation of Ebolaviruses

A better understanding of the drivers of Filovirusspillover are needed
Human-animalinterfaceis increasing

Better understanding of human survivors as a spilloverrisk
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