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Origin of 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

Hepatitis Delta Virus (HDV)



(Chen, PNAS, 1986; Kos, Nature 1986)

HDV-RNA



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



Geographical distribution of the 8 HDV species

Le Gal et al. 2017. Hepatology



HDV origins ?

from Taylor et al. 2000. Adv Virus

§ Who ? § When ? § Where ?

Objective: To date and determine the origin of HDV and 

the timing of divergence events within HDV

Most recent 
common 

ancestor of 
HDV ?

Most recent 
common ancestor 

of genotype ?

?
?

?
?

?

?
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A Genomic approach
Genotypes distribution

482 complete genomic sequences 
HDV 

(Sampling date: 1976-2021)

HDV Sequences from French Delta 
National Reference Center (FDNRC) :

Geographical distribution of HDV

Sampling locations : 15 geographical zones 
(United Nations geoscheme)

233/482 Newly HDV genomes sequences 



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 )



Methodology

Bayesian estimates of 
evolutionary rate : 

Coefficient of linear 
regression :
R² = 0,0625 

No genetic 
recombination

(Dataset n=90)x3

(Dataset n=120)x3

(Dataset n=160)x4

Phylogenetic 
analysis

Evolutionary analyses

Dataset L-HDAg (n=482) 

Molecular 
clock dating

Phylogeographic 
reconstruction

üSubstitution model : 

     GTR+Γ+I

üMolecular clock : 

     Uncorrelated relaxed clock

üDistribution model : 

       Uniform

Maximum likelihood (ML)



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

(A) Phylogenetic analysis of 482 
hepatitis delta virus L-HDAg

sequences



Phase - 2 Dataset L-HDAg (n=482) 

(B) Bayesian estimates of evolutionary rate 

From 10 subsets
Evolutionary rate – prior :

(2E-05 – 6E-05) 

(B) Evolutionary rate ?   

4E-05 
nucleotides 

substitutions/sites/year



Phase - 3

Molecular clock dating Phylogeographic reconstruction

Time

Dataset L-HDAg (n=482) 

Parameters



Neolithic period : 10000 to 2200 years BCE
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Bronze age: 2200 to 800 years BCE
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Where ?

CENTRAL 
AFRICA

WESTERN 
ASIA

Root

4,496 yrs BCE

tMRCA of all HDV 
sub-Saharan strains

5,691 yrs BCE

First 
diversification 

into HDV-3 and 
the ancestor of all 
other genotypes

Origin of 
Human HDV :

5,741 yrs BCE

Origin of 
Genotype 1:

4,743 yrs BCE

Introduction 
of HDV-1 to 

Western Asia

3,878 yrs BCE

When ?



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

Phylogenetic distribution of 
HDV-1 L-HDAg codon 202

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

(S ; 64/70; 91.42%)

(A ; 62/86; 72.1%)

(S ; n=45, 68.2%)
(A ; n=19, 28.8%)



Cameroun

Gabon RDC

HDV-1

HDV-8

HDV-1, -5, -6, -7 et -8

HDV-1

Central Africa as a “hot spot” for HDV infection



Proposed scenario of HDV spread



Summary

Where : Origin of HDV in the human population (Central Africa);

HDV-1 : key role played by Eurasia in worldwide dissemination; 

When :Neolithic period (~5,500 BCE) and rapid diversification and radiation (~4,500 

BCE) into 8 genotypes ; 

HDV-1 : most ancient genotype in humans.

How : Unresolved points 

• HDV-3 in South America : one or two introduction(s) ? 

• HDV-2 in Southeast Asia –HDV-4 in Japan/Taiwan :  one or multiples exportation(s) –local divergence ? 

Who :Plant  ?  HDV-likes –zoonotic ?



Wille et al. 2018. Viruses
Hetzel et al. 2019. Mbio
Chang et al. 2019. Virus Evolution
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Bergner et al. 2021. PNAS

HDV-like genomes§ Who ?



September 2024

Wildlife

(1) Study of Genebank transcriptomes

(2) HDV & HBV by PCR on 10 000 samples 
from Central Africa : 
Bats, Primates, Rodents, Antelopes

Wildlife

(1) Study of Genebank transcriptomes

Next project
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