Evolutionary biology of
hepatitis viruses



Origin of new viruses?

Wolfe 2007, Nature

1.400 human
pathogens:

}

ca. 60% zoonotic

Woolhouse, 2005, EID



Relevant
reservoirs?

Homo
sapliens:
1 of 5500
mammal
species
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Bininda-Emonds, Nature 2007



Reservoirs:
relevant for different reasons
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Example exposure: hepatitis E virus

Dalton, Lancet ID, 2008



Example evolution:
HIV
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Longdon et al., PPAT, 2014
9 HIV-2 A — | HIV-1 Ound P Tebit, Lancet ID 201



Geeignete Saugetierreservoire fur humane Viren ?



Example Ecology:
Big rodent litters,
Invasive behaviour

Hanta viruses

Olkowicz, Wikipedia Rémi from Ratatouille, Copyright Pixar
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5 different hepatitis viruses
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Rasche et al., J Hepatol., 2019



Evolutionary Common Source

. . - . Transmission
origins ancestry of infection

HDV HCV HBV HAV

HEV

What can we learn from animal viruses?

Rasche et al., J Hepatol., 2019



First detections of hepatitis viruses in animals
were ground breaking — yet sporadic
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Rasche et al., J Hepatol., 2019



A new era of virus discovery
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Rasche et al., J Hepatol., 2019



Long evolutionary association with
vertebrates

Rasche et al., J Hepatol., 2019



Endogenous bird & reptile HBV
> 200 million years

Suh, PLoS Gen, 2015 Suh, Nat comm, 2013



Ancient HBV
>7000 years
similar to
contemporary
strains

Extinct genotype

Kahila Bar-Gal et al., Hepatology, 2012
Mihlemann et al., Nature, 2018
Krause-Kyoran et al., eLife, 2018



Eradication potentially possible —
if no reservoirs



Textbook: animal HBVs cannot infect humans
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Potentially zoonotic? A New World bat
HBV can efficiently infect human
hepatocytes

Tent-making bat
U. Bilobatum —
host of TBHBV

Immage: natalie's Life List,
inaturalist.org Drexler/Geipel et al., 2013, PNAS



From bats into primates?

Rasche et al. CoV, 2016



Brazil:
Highest primate diversity worldwide

<+ 118 species



New CMHBV

Dominguez/Konig/Rasche et al., J Hepatol 2018



Chronic infection? Core deletions and
no signs of inflammation

Dominguez/Konig/Rasche et al., J Hepatol 2018



Zoonosis? New World monkey
HBVs can enter human hepatocytes

Image: National Geographic Dominguez/Koénig/Rasche et al., J Hepatol., 2018



Fresh data on animal HDV:
no HBV — conservation of infection patterns?



Acquisition of insect precursors by
ancient insectivorous mammals?

HBV
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Gong/Han, Mol Biol Evol. 2018 Rasche et al., J Hepatol 2019



Hepatitis viruses origins beyond primates

Rasche et al., J Hepatol., 2019



Unclear origin of New World HBV/HDV
genotypes

Rasche et al., J Hepatol., 2019



Rooting the trees by new animal viruses —
surprising similarities

Rasche et al., J Hepatol., 2019



Introduction along human migration?

Dominguez/Konig/Rasche et al., J Hepatol, 2018



Evolutionary Common Source
origins ancestry of infection

HDV HCV HBV HAV

HEV
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Rasche et al., J Hepatol., 2019
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All human hepatitis viruses
were once zoonotic

The direct ancestors of human
hepatitis viruses remain
unknown

Biological properties we took
for certain are called into
question

Unique opportunities to
understand pathogenesis
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