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Background : 1- Immunogenetics in Eden

What explains the intra- and inter-specific variability
In susceptibility to zoonotic agents ?

Genetic attributes of the host are  important, especially immune genes :
Immune genes are known to influence the outcomes of Host-Pathogen interactions

e.g. intraspecific for humans: malaria, HIV, hepatitis, bilharziosis, ...

_ o * Immunotherapeutics and design of vaccines
Major applications = _ _ o
» Detection of resistance in livestock

But, ...




Background : 1-lmmunogenetics in Eden

Another less developed application of immunogenetics
= the assessment of emergent or re-emergent disease risks in natural populations

% A reason why hosts differ in their susceptibility/resistance to pathogens could
rely on the degree of matching between immune genes and pathogen antigens

- Between species : Which species can be a reservoir and which one can not ?

- Within species : Are there resistant / susceptible individuals for a given pathogen?

= Better assesment of epidemiology, important for modelling

Substitution G->T

Non reservoir
Or resistant

Reservoir
Or susceptible

Within species, the distribution of mutations at these target immune genes informs
At local scale: can zoonotic agents spread, persist locally ?
Immunogenetics could be included in epidemiological risk modelling
Across large geographical areas: where can emergence occur ?
Immunogenetics could be included in risk mapping




Background : 2- Immunogenetics and hantaviruses

In humans :

Several immune genetic factors Volume 47 Issue 3 Page 277-279, March 1998
affect the severity of the infection

with Puumala virus
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Volume 19, Number 3, 2006
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Brief Report

Tumor Necrosis Factor-a Genetic Predisposing Factors Can
Influence Clinical Severity in Nephropathia Epidemica

Scandinavian Journal of Inmunology

Association of HLLA B27 with Benign Clinical Course of
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Problematics and applications

Immune genes, rodents and hantaviruses
Journal of Medical Virology

Volume 74, Issue 1l ,Pages 180- 190

DIFFERENTIAL EXPRESSION OF IMMUNOQRE GULATORY GENES IN MALE AND
FEMALE NORWAY RATS FOLLOWING INFECTION WITH SEOQUL VIRU S

Sabral Klein!®, Amy Cemetich®, Sara Hilmer® Eric P. Hoffman? Alan L_Scott?, Gregory
E. Glass!?

W. Harry Feinstone Department of Molecular Microbiology and Immunology, The Johns
Hopkins Bloomberg School of Public Health, B altimore, Marsiand
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|- Pre-requisite : is there any evidence of selection mediated by Puuv on bank
voles ? Can we identify resistant rodents from experimental infestations ?

lla- Genetic characteristics of these ‘resistant’ rodents at immune genes ?

lIb- Genetic characteristics of hantavirus seropositive vs seronegative rodents in
the field at these immune genes ? Spatial variations at a local scale ?

lll- At a large geographical scale, can we partly explain the distribution of
Puumala virus from the distribution of the variability (susceptible and resistant
alleles) of immune genes ?




Genetic tools : MHC genes

MHC genes encode
cell surface glycoproteins
that present
peptides of foreign proteins
to T cells

Antigen peptide
chaines alpha-
beta du TCR

Antigéne

cellule

présentdtrice Iymphocyte T

Molécule du CMH

MHC gene characteristics

- Most variable genes known for vertebrates
- Selection maintains MHC gene variability
- Parasite mediated selection
A host with a higher number of MHC proteins may enable the
recognition of a larger spectrum of parasites
Mutant pathogens can escape from host MHC molecules




|- Pre-requisite : Selection mediated by Puumala virus on bank voles

Traditionally , hantavirus infections have been thought
to be harmless to their rodent hosts .

JYVASKYLA STUDIES IN BIOLOGICAL AND ENVIRONMENTAL SCIENCE
169

Eva R. Kallio

Experimental Ecology on the
Interaction between the
Puumala Hantavirus and its Host,
the Bank Vole

The over-winter survival

Ecology. 2007 Aug 88(8%1911-6

Endemic hantavirus infection impairs the winter
survival of its rodent host.

Kallio ER, Voutilainen L., Vapalahti O, Vaheri A, Henttonen H, Koskela E ,
MappesT.

Department of Biological and Environmental Science, P.O.Box 35, FIN40014,
University of Fywiiskyld, Finland. eva kallio@evira fi

of bank voles was influenced by PUUYV infection.

The Puuv infected individuals had significantly lower probability to survive
from October to May than the non-infected individuals.




|- Pre-requisite : Resistant bank voles identified from experimental infestations

Table 1. Bank voles used in the in vivo experiments

Infected individuals (detected by RT-PCR) are in bold. RGrs are shown with the number of days since removal of the donors in parenth-

eses. During these periods the RGr individuals were exposed to the donors’ beddings. F, female; M, male. The numbers after F or M repre-

sent the age of 1/

.mimalss (it weeks), at which they were exposed to the donors’ beddings.

Isolator RGrl RGr2 RGr3 RGr4 RGr5 RGr6 RGr7 RGr8 RGr9 RGr10 No. infected/
(0=3) (3-6) (6-9) (9-12) (12-15) (15-18) (18-21) (21-24) (24-27) (27-30) total
1 : F F 21 iz Fa b2z F 22 - - - - - 3/5
: F HE Figa MI18 MU 2l - — - — - 5/5 Infected V0|eS
: B F 18 F 21 F 21 K19 Fi9 - - - - - 3/5
: B Fis & 23 P i3 M 19 Fis - - - - - 3/5
: F P iz F21 F 15 - - - - - 3/5
2 : B Fiz MI12 F i8 F 21 M 21 - - - - - 2/5
7: M 21 M24 F20 M 22 F 22 F 22 - - - - - 0/5
& M 17 M20 F12 M20 M15 F 15 - - - - - 0/5
9 M 15 M 18 M 18 Bhi i2 F 15 F 15 - - - - - 1/5
10: M 15 MI12 M20 F 12 F 16 F 16 - — - — - 0/5
3 11: F 12 Pij F 10 F 11 F 10 F7 - - - - - 2/5
12: F 11 M7 F7 M 10 F7 F il - - - - - 1/5
13: F 11 M9 Pl M8 F 11 i 10 - - - - - 3/5
14: F 9 F 10 M 8 F7 M 8 M 8 - - - - - 0/5
15: F 8 F8 M9 F 9 M 9 M9 - - - - - 1/5
4 16: F 17 F 21 F 19 F 14 M 20 F 15 F 13 M 18 M 13 M 14 F 10 1/10
17: F 17 M1l M14 F 21 F 22 F 20 M 12 M9 F 11 M 12 M 13 1/10
5 18: M 17 riv Mi9 F 19 F 11 i 12 F 10 M 10 M 12 F 18 M 14 2/10
19: M 17 M 19 * M 11 M 11 F 11 F~ M 12 F 14 M 13 F 17 0/10
6 20: F 17 F 11 M 18 A 18 F 20 M 11 F 18 F 13 F 12 F11 F 10 1/10
21: M 17 Ml6 F21 MI19 MI19 M 19 M 16 F 19 M 20 F11 M 11 0/10
Total 21/21 5/21 6/21 7121 7121 7121 0/6 0/6 0/6 0/6 0/6 m
Jowsnal of General Miology (2006), 87, 2127-2134 Dol 1010994 win0 816430

Prolonged survival of Puumala hantavirus outside
the host: evidence for indirect transmission via the
environment

Eva R Kallio,"*® Jonas Klingstrém,®* Elisabeth Gustafsson,* Tytti Manni®
Antti Vaher® Heikki Henttonen' Olli Vapalshti®*®™ and Ake Lundhvist™*




lla- Genetic characteristics of these ‘resistant’ bank voles at MHC genes ?

SSCP results on DQA exon 2 gene

S04 DEM11gSSCPCQDoAT DQA-egll? QScore 0.0

o0t

10001

310 220 330 340 350 360 371 380
D04 050111gSSCRCODOAT DQA-eglZ8 C Score 0.0

Few alleles detected

I I I I 1
210 320 320 340 30 3E0 370 36D
E0& DED111gS3CPCgIQAT DOQA-egD29 Q Score 00

30 320 330 340 350 360 370 380
FOd4 080111g3SCPCDQAT DQA-egl30 @ Score:0.0

e No statistical

e differences between
o g oot o 2 i = infected and non-
o) infected individuals
ool at DQA and DRB
T w0 30 BT 30 30 3 360 genes

HO4 080111035CFCID0AT DQA-egl32 @ Scarz 00

(Guivier et al. in prep)




lIb- Associations between Puumala-seropositivity and MHC

@ Multivariate analysis of genetic dataset from two sites in finland

F2=19 % QA4 2
F2=19% -1_2_?;1_3 l _ 1'8_1'21'8
Puuv Ab+ _
- ~Susceptible =
— S F1=05%
Alleles that seem to be involved _
in experimentations ~Resistant
+Non Infected
Strong differentiation

between seropositive
and seronegative individuals

Identification of alleles

positively and negatively
associated with seropositivity




lIb- Associations between Puumala-seropositivity and MHC

@ We have found associations between alleles and Puuv-Ab in France
(Deter et al., IGE, 2008)

Genetic data Parasitological data

F2:26.8 % 1 ‘FFZ :26.8 % 025
1.5 Hiq 016 H40.15
DQA-10 -15 -0.25

Nem-Mm

Mites
DQA-05 poa.12 CostPg

He

DQAV DQA-14

7
/ DQA-09 AI-V
ponos /

LCPX-V

— Cest-Hh

DQA-08  F1:31.6%

Nem-Ta
Cest-Tt

—_—

F1:316%

Coinertia 9 « Susceptibility » e « Resistance »
Puumala / DQAO9 Puumala / DQA12
Associations Relative risk = 2.83 Relative risk = 0.57
between MHC Puumla / DQA11 Puumala / DQAO5

and roboviruses Relative risk = 2.07 Relative risk = 0.81




lIb- Associations between Puumala-seropositivity and MHC

Potential applications to modelling

2. Risk factors related to Puumala infection in Belgium

-l Include immunogenetics :

Human infection Resistant vs sensible voles

C~H(0).8,Np
| |

>

v
Number of new and prevalence 1n vole population

human cases A .
Transmission coefficient

Number susceptible humans that
can get into contact with virus

Environmental parameters related to PUUV infection in voles
) o Include
T g - / Gene flow between sites
=  risk model . .
- and immunogenetics

|

Genotyping is done

Analysis on
landscape and :
i Analyses in progress
features
Trapping sites Belgium @
¢ Long term field site
=] monitoring site H_“‘_'d_
Belgium

From K. Tersago, Eden 2007




Genetic structure of bank vole and Puumala virus in Fennoscandia: Results

Bank vole phylogeography

lineage

@® Ural o : _ N-SCA

lineage etrain

Asikainen et al. 2000

Deffontiaine ef al. In
preparation

Influence of the coevolution between My. glareolus and Puumala virus
on immune genes ?



lll- MHC genes at a large geographical scale

3- At a large geographical scale, can we explain the distribution of Puumala virus
from the distribution of the variability (susceptible and resistant alleles) of
immune genes ?

70 localities — 382 individus mmm) 6 Mitochondrial lineages

Analysis of molecular variance
(AMOVA)

Cytochrome B (V. Deffontaine)
Differentiation within group (®s.)  0.26

Differentiation between groups

(Pcr)
MHC gene

Differentiation within group (®s.)  0.38

Differentiation between groups

(Pcr)

Phylogeographic history does not explain the distribution of MHC polymorphism

Male et al., in prep, MBE; Deffontaine et al., 2005, Mol Ecol




lll- MHC genes at a large geographical scale

Comparing Puumala virus distribution and the geographic variability of immune
genes

Spatial analysis of molecular
variance

(SAMOVA)

Finds the best geographical
structure

Differentiation within group (@)

Cytochrome B
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lll- MHC genes at a large geographical scale

Spatial analysis of molecular
variance

(SAMOVA)

k=13

NoO genetic structure
associated with geography
for the MHC gene.

MHC gene

oooooo
v,

Indice de Différenciation

Male et al., in prep, MBE




lll- MHC genes at a large geographical scale

The presence of alleles does not depend on geography
MHC allele distribution does not explain
endemic vs non endemic areas

But the frequency of alleles is not included in these analyses
could it be an important factor ?

Pbl : impossible at the moment to estimate frequencies ...

But, in the future :
Application to risk mapping
Eg:

12
Geographic patterns of functional categories of HLA-DRB1 alleles: a new /
approach to analyse associations between HLA-DRB1 and disease \:,.ﬁf

M. Gibert*t & A. Sanchez-Mazast

D 2003 Blackwell Publishing Ltd, Eurapaan Journa! of Immunoganatics 20, 361-374

@ Group 2: 0344 (0.032) + Groups iy (000

Figure 2. Populations exhibiting high {black) and low {grey) frequencies of HLA-DRBT RSP ‘A’ alldles (DRB1*0101, 0102, 0401, 0404, 0405, 0408, and 1001]) associated with susceptibility to rheumnatoid arthritis
Populations are connected according to Delaunay's triangulation. The black line clusters the populations exhibiting the highest RSP frequencies (group 1). The grey lines (continucus and dashed) cluster the
populstions exhibitirg the lowest RSP frequencies (groups B and 7, respectivaly). Populations are listed inTables 1, 2 and 2. Group 1: 59, 61-65, 90, 86 and 100; group 7,48, B8, 87, 95 and §7; group 72 1, 3,
B7, 73, 76,79, 88 91 and 93; group & 8, 8,47, 72, 74-75, 78, 81 and 94; & = populations 2, 2 and 4; B = populations 9 and 10; C = populations 42 and 43; D = populstions 78 and 79.




Bilan

We have found associations between MHC class Il gene and Puumala-Ab

MHC class Il gene could be involved (directly or not) in M. glareolus
susceptibility to Puumala virus

At the moment, no geographic signal explaining Puumala virus endemicity

& Coevolution could lead to spatial fluctuations of selection

) £33 Prospects

® Compare associations found using ® Study other genetic factors involved
Experiments / Field TNF-a, INF, Intgr ...

@ Analyse spatio-temporal surveys of

. . Improve large scale risk mapping
MHC polymorphism in endemic areas

- Fluctuations ?
- Relation with Puumala infections ?

Emmanuel Guivier PhD
Improve small scale risk modelling 2007-2010




