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Hepatitis Delta Virus (HDV)

« Viroid of the Kolmioviridae family
* First detected in Italy in 1977
* Requires Hepatitis B Virus (HBV) for its replication

Rizzetto. 1977.Guts ; Lempp et al. 2017.Viruses



HDV-RNA
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Epidemiology of HDV

» Affects nearly 5% to 10% of
people with chronic HBV

infection globally

- Decreasing incidence since
the global HBV vaccination

programme (1980’s)

« Heterogeneous prevalence
and unknown in some

geographical zones

Research Article ) JOURNAL
Hepatology Viral Hepatitis -t OF HEPATOLOGY

ORIGINAL ARTICLE
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Geographical distribution of the 8 HDV species

Le Gal et al. 2017. Hepatology




HDV origins ?

* When? s \Where ?

Most recent
common ancestor
of genotype ?
Most recent —

i Evolution from a common
Evolution from host ancestor of |
viroids or HDV ? T

Ol precursor with
retroviroids ribozyme activity Root

& =

Combination of viroid genomes
and found in vertebrates

(DIPA) and invertebrates Objective: To date and determine the origin of HDV and

Ancestors m———)pPresent-Day

the timing of divergence events within HDV
from Taylor et al. 2000. Adv Virus
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A Genomic approach

300

N
o=
o

Genome (n)
(WY
U
o

100

54 69
50 ] 41
26 19
10 10
HDV1 HDV2 HDV3 HDV4 HDV5 HDV6 HDV7 HDV8

482 complete genomic sequences
HDV
(Sampling date: 1976-2021)
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National Reference Center (FDNRC):
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Sampling locations : 15 geographical zones
(United Nations geoscheme)



HDV molecular clock analysis
Full length genomes vs LHD gene

Hyper variable regions (prone to estimation biases) Conserved regions of the LHD gene (reliable but representative )




Phylogenetic
analysis

Maximum likelihood (ML)

IQ-TREE =+

Methodology

Dataset L-HDAg (n=482)

Evolutionary analyses

Coefficient of linear
regression :
R?=0,0625

No genetic
l recombination

Molecular
clock dating

Phylogeographic
reconstruction
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v'Substitution model :

_ Bayesian estimates of
= evolutionary rate :

GTR+I'+l

(Dataset n=90)x3
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Phase - 1 Dataset L-HDAg (n=482)

(A) Phylogenetic analysis of 482
hepatitis delta virus L-HDAg
sequences
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Phase - 2 Dataset L-HDAg (n=482)

(B) Evolutionary rate ?
Bayesian estimates

(Subset n=90)x3

(Subset n=120)x3

p-value=2.5x10"7

(Subset n=160)x4

(B) Bayesian estimates of evolutionary rate

From 10 subsets
Evolutionary rate - prior:
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Phase - 3

Parameters
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L-HDAg codon 202 : Geographical marker of HDV-1 dissemination

Phylogenetic distribution of

L-HDAg codon 202 reflects global
HDV-1 L-HDAg codon 202

spread of HDV-1
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Central Africa as a “hot spot” for HDV infection

HDV-1
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Proposed scenario of HDV spread

Western Europe

Northern America

« Green Sahara »
10000 to 3000 BCE

Oceania



Summary

- When:Neolithic period (~5.500 BCE) and rapid diversification and radiation (~4,500

/I) BCE) into 8 genotypes;
HDV-1: most ancient genotype in humans.

¢~ . Where: Origin of HDV in the human population (Central Africa);
[ J
J‘) HDV-1:key role played by Eurasia in worldwide dissemination;

? Unresolved points
o
\'r,  HDV-3in South America:one ortwo introduction(s)?

« HDV-2inSoutheast Asia-HDV-4in Japan/Taiwan: one or multiples exportation(s)-local divergence?
7

®
\f.J Plant ? HDV-likes-zoonotic?
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Odocoileus

virginianus

Peropteryx macrotis

PsemDV
Proechimys
semispinosus

DrDV-A
DrDV-B
Desmodus rotundus

Bergner et al. 2021. PNAS

Wille et al. 2018. Viruses

Hetzel et al. 2019. Mbio

Chang et al. 2019. Virus Evolution

HDV-like genomes
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Next project
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™ S . (1) Study of Genebank transcriptomes

Wildlife

7 h (1) Study of Genebank transcriptomes

-y Ty (2) HDV & HBV by PCR on 10 000 samples
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Virological part
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le Virus de I'Hépatite Delta
Associé au Centre National de Référence
des hépatites B, C et Delta

. z'.}/.'
Q\‘\’ &2 INSTITUT MONDOR
DE RECHERCHE
Bl

IOMEDICALE

-1
ko 7

Arper
Hl !nserm

La science pour la santé
From science to health

.
S
Al
>
=
=
'TL

Q

\

-
3 IMRB

////”]ig\\\

LONDON
SCHOOL of .
HYGIENE |(* e
&TROPICAL \ (1] D)
MEDICINE =

Stéphanie Tomba
Emmanuel Gordien
Ségolene Brichler
Athenais Gerber

Jean Michel Pawlotsky
Christophe Rodriguez
Slim Fourati

Stéphane Hué

Historical part
(Neolithic period)

l Hl nat :"I

Frédéric Gerber I]]]ap

‘ttll

A
UNIVERSITE PARIS 1

Jean Paul Demoule PANTHEON SORBONNE



