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Introduction

Importance of risks associated with hantaviruses

Hantavirus infections affect humans and rodents throughout Asia

Number of hemorrhagic fever with renal
syndrom cases in Korea



Introduction

There is a close relationship between hantavirus and rodents,

which act as main reservoirs for these viruses

It is important to identify the hantaviruses / rodents that might cause health problems

These studies may aid the development of new strategies for the prevention and control 
of such emerging infections …

Species A

Not a priority for control policies
Time consuming
Waste of money

Species B

This is the target !!!



Introduction

Determine which animal species carry pathogenic hantaviruses for humans ?

Problems :

???

� Other solution = Provide keys that determine a priori
• the possibility for a rodent to carry a hantavirus
• the level of pathogenesis of a new hantavirus

� First solution = Screening of thousands of rodents, sequencing of hantaviruses…
• but in Asia, 7 genera, 35 species of murine rodents



Introduction

It does not depend on the environment :
Sympatric species carry different types of hantaviruses

Ex in Europe

Molecular differences between rodent species
for proteins involved in hantavirus entry ?

What determines the possibility for a rodent to carry a hantavirus ?

Puumala hantavirus

Tula hantavirus

No hantavirus

nice



Introduction

Integrins are heterodimeric receptors 
that could mediate hantavirus cellular entry

Part 1-
Rodent

integrins

There are similarities between 
integrin disorders and 

hantavirus pathogenesis
(e.g. Glanzmann’s disease
Goodpasture’s syndrome)

Hemorrhagic diseases are 
caused by permeability changes
within the vascular endothelium. 
β3 integrins on endothelial cells 

(v3) regulate vascular 
permeability.

Hantaviruses replicate in platelets
and endothelial cells



Introduction

The mechanisms of hantavirus cellular entry differ
between pathogenic and non pathogenic ones

Part 1-
Rodent

integrins

Pathogenic hantaviruses (Hantaan, Seoul, Puumala, Sin nombre) use αvβ3 integrin
Non pathogenic hantaviruses (Tula, Prospect Hill) use β1 integrin



Introduction

Part 1-
Rodent

integrins Pathogenic hantaviruses bind on the PSI domain of αvβ3 integrin



Introduction

Part 1-
Rodent

integrins

Objectives :

Analysis of the polymorphism of the beta 3 integrin PSI domain between Asian rodent sp.

Hypothesis 1:
Differences in amino acid sequences � Differences in protein structure

� Differences in possibility for hantavirus to entry

Hypothesis 2:
Differences in selective pressure acting on PSI domain

� Differences in possibility for hantavirus to entry

Ex: If only pathogenic hantaviruses induce coevolution with B3 integrin, we should
observe positive selection on rodent B3 integrin sequences only for rodents carrying
pathogenic hantaviruses

Ex: Mutation Asn�Asp on the 39e amino acid allowed infection of murine cells by 
hantaviruses



Introduction

Part 2-
Hantavirus The binding site of hantaviruses on integrins is a 

CNP motif on G2 glycoprotein



Introduction

Part 2-
Hantavirus

Objectives :

Analysis of the polymorphism around the CNP motif between Asian hantaviruses

Hypothesis 1:
Differences in amino acid sequences � Differences in glycoprotein structure

� Differences in possibility for hantavirus to entry

Hypothesis 2:
Differences in selective pressure acting on the region around the CNP motif 

� Differences in possibility for hantavirus to entry

Ex: If only pathogenic hantaviruses use the CNP motif to enter cells via B3 integrin, we
should observe positive selection around this hantavirus sequence only for pathogenic
hantaviruses



Datasets

Rodents with pathogenic hantaviruses
Rodents with antibody anti-hantavirus

No information

Beta3-Integrin

ML analysis (GTR+G), (RAxML software, Stamatakis, 2006
based on the combined analysis of cytb, COI and IRBP genes. See Pagès et al., submitted 



Methods

Sequencing of b3 integrins (exon 2 to exon 4) in 4/5 rodents of each
species (after molecular species-specific identification of rodents)

Phylogenetic analyses of these sequences (ML, RAxML software, 
Stamatakis, 2006)

Determination of amino acid discriminating groups of rodent species

Detection of selection over these sequences (3 methods implemented in 
Datamonkey, Kosakovsky Pond and Frost, 2005)

Determination of sites under selection

Part 1-
Rodent

integrins

Beta3-Integrin



Beta3-Integrin

Sequences
Part 1-
Rodent

integrins

PSI

We obtained sequences of 330 bp, for 15 Asian species and 62 individuals

60 variable sites (15 among rhe Rattus genus)

% divergence between species (p-distance) : 0 – 10% 
(max 3% inside the Rattus genus)



Phylogenetic analysesPart 1-
Rodent

integrins

Beta3-Integrin

ML analysis (GTR+G), (RAxML software, 
Stamatakis, 2006
based on 331 bp Integrin beta 3 / 34 sequences 

Perfectly consistent with the species tree

Bandicota

Berylmys



Amino acids discriminating groups of rodent speciesPart 1-
Rodent

integrins

Rodents known to 
carry hantaviruses

pathogenic for 
humans

Rodents that were
never found to be
seropositive for 
hantaviruses

Amino acids preventing the fixation of
hantaviruses pathogenic for humans ? 

Sequences of PSI 
domain of the b3 

integrin

Beta3-Integrin

39e aa



No selection detected when considering rodents that carry pathogenic hantaviruses

Positive selection detected when considering rodents that were never found to be
seropositive for hantaviruses

Part 1-
Rodent

integrins

Detection of selection

Only one amino-acid
is under positive selection
(evidenced by 3 different

methods)
30e aa

Beta3-Integrin



Part 1-
Rodent

integrins

� Verify that these 30th and 34th amino-acid changes induce changes in integrin functionality
Collaboration with Pr Law Sai-Kit (Singapore)

� Infer the status of other rodent species
Ex

Perspectives

These rodent species
may carry hantaviruses
pathogenic for humans

These rodent species may

carry non pathogenic
hantaviruses (antibodies

have been found)

Beta3-Integrin

Predictions

Amino acids supposed to interfer with the fixation 
of hantaviruses pathogenic for humans



Part 2-
Hantavirus

Datasets

142 sequences of G2 from the literature

CNP motif is conserved for all hantaviruses

Except for three hantaviruses isolated in China (motif SNP instead of CNP)…

Results

G2 glycoprotein



Part 2-
Hantavirus

One amino acid that differs
between pathogenic hantaviruses (Y)
and non pathogenic hantaviruses (F)

nice

Unknown ?

�Prediction 1 : Thai, Gou and Serang have a ‘Y’.
They should be pathogenic for humans

G2 glycoprotein

�Prediction 2 : Khabarovsk, Fusong and Muju have a ‘F’.
They should be non pathogenic for humans



Global conclusions

Part 1-
Rodent

integrins

Positive selection (30e aa) + G (34e aa)
*

Carry pathogenic
hantaviruses

Can only carry
non pathogenic

hantaviruses

Necessity to validate this hypothesis with Rattus exulans or R. argentiventer, 
and with Maxomys surifer.

S (30e aa) + N (34e aa)

Question: we expected positive selection on rodent B3 integrin sequences only for 
rodents carrying pathogenic hantaviruses / we observe the opposite pattern…

Expected patterns Observed patterns 



Global conclusions

Potential explanations :

associated with are also associated with

associated with are not associated with

Part 1-
Rodent

integrins



Part 2-
G2 of

Hantavirus

Global conclusions

����
����

Are pathogenic
hantaviruses

Are non pathogenic
hantaviruses

Necessity to validate this hypothesis with Khabarovsk, Fusong, Muju

Host=Microtus sp. � non pathogenic

with Thai, Gou and Serang

pathogenic, see Pattamadilok et al. 2006



Part 2-
Hantavirus

Perspectives

Part 1-
Rodent

integrins

?

Positive selection
*

����

����

Are non pathogenic H

Are pathogenic H

Are non pathogenic H

Are pathogenic H

Carry
non pathogenic

H

Carry pathogenic H

What are the consequences of
the different combinations ?

Do they all exist in natura ?

nice

?

Carry pathogenic HCarry
non pathogenic


