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Introduction

• Influenza, 
 

or 
 

flu, 
 

is
 

an 
 

infectious
 disease

 
caused

 
by RNA viruses

– Family:  Orthomyxoviridae

– Genus: Influenzavirus
 

A, B, C

– Type species: influenza A virus 
– Subtype: 

– on 

 
the 

 
basis 

 
of 

 
the 

 
two

 
main 

 
surface 

 glycoproteins

 
hemagglutinin

 
(HA) 

 
and 

 neuraminidase

 
(NA)

– 16 HA subtypes

– 9 NA subtypes
Credit Ying-Ta Wu, Academia Sinica., Taïwan

H5 N1



Genome
 

of H5N1 virus

• 8 
 

single‐stranded
 

RNA 
 segmentsencoding

 
10 

 proteins
 

including:

– The 
 

HA 
 

and 
 

NA 
 

genes
 encode 

 
the 

 
viral 

 
envelope

 proteins
 

responding
 

for 
 viral 

 
attachment

 
and 

 spreading
 

from
 

cell
 

to cell

– PB2, 
 

PB1, 
 

PA, 
 

NS1, 
 

NS2, 
 M1, 

 
M2 

 
and 

 
NP 

 
encode 

 viral 
 

internal
 

proteins
 required

 
for 

 
viral 

 replication
 

and assembly



History

Date Events in Animal Events in Humans

1996
Highly

 

pathogenic

 

H5N1 virus is

 

isolated

 
from

 

a farmed

 

goose

 

in Guangdong 

 
Province, China. 

1997
Outbreaks

 

of highly

 

pathogenic

 

H5N1 are 

 
reported

 

in poultry

 

at

 

farms

 

and live 

 
animal markets

 

in Hong Kong. 

Human

 

infections with

 

avian

 

influenza 

 
H5N1 are reported

 

in Hong Kong. 

 
Altogether, 18 cases (6 fatal) are 

 
reported

 

in the first known

 

instance of 

 
human

 

infection with

 

this

 

virus. 

Feb, 2003

Two

 

human

 

cases of avian

 

influenza 

 
H5N1 infection (one fatal) are confirmed

 
in a Hong Kong family

 

with

 

a recent

 
travel

 

history

 

to Fujian Province, China. 

 
A third

 

family

 

member

 

died

 

of severe

 
respiratory

 

disease

 

while

 

in mainland

 
China, but no samples

 

were

 

taken. 

World Health Organization

256 human
 

deaths
 

since
 

2003
Risk

 
of human

 
to human

 
transmission



Medical
 

context

World Health Organization

Majors problems: public heath, economics, society
 Epidemics: Asian

 
,Europe, Africa

 Pandemic
 

risk
 Growing

 
drug

 
resistance

Since
1 January

 
2009



What
 

is
 

the challenge?

Monitor any evolution of the disease

Involving many skateholders
 

in a common network:


 
International organizations WHO and FAO


 

National public health institutes an centers
 

for disease control


 
National surveillance networks


 

Research laboratories on infectious diseases

Collecting data and providing tools to process them

Being
 

able to launch
 

a prompt alert



Current partners

Biology/Veterinary research institutes


 
Institute of Biotechnology, Vietnam Academy of Science and 

 Technology (Hanoï, Vietnam)


 
National Institute for Veterinary Research, Vietnam Academy of Science 

 and Technology (Hanoï, Vietnam)


 
CIRAD (Paris, France and Hanoï, Vietnam)

Technical partners


 
CNRS (French National Research Agency)

– Laboratory: LPC Clermont‐Ferrand


 
Institut

 
de la Francophonie

 
pour l’Informatique

 
(Hanoï, Vietnam)


 

Institute for High Energy Physics (Beijing)


 
HealthGrid

 
Association (Pont‐du‐Château, France)

Strong interest to involve other chinese partners, 
particularly in the biomedical sector



New human

 
or bird

 
case

New virus strain

Genome

 
sequencing

Homology

 
modelling

Molecular
Epidemiology

Virtual 
Screening

« The only way to track down a virus history
Is through its imprint on the viral genome »



Added
 

value of Grid
 

technology

The grid provides the centuries of CPU cycles 
 required on demand

The grid provides the reliable and secure data 
 management services to store and replicate data

The grid offers a collaborative environment for the 
 sharing of data in the research community on 

 emerging and neglected diseases



Two
 

main activities

Structure‐Based
 

Virtual Screening
«

 
automatically

 
evaluating

 
very

 
large libraries

 
of compounds using

 
computer

programs

 
»


 

Evaluate
 

the resistance
 

to known
 

drugs


 
Identify

 
new active scaffolds

Molecular
 

epidemiology
« A science that

 
focusses

 
on the contribution of potential

 
genetic

 
and environmental

risk

 
factors, identified

 
at

 
the molecular

 
level, to the etiology, distribution and

prevention

 
of disease

 
within

 
families

 
and across

 
population

 
»


 

where
 

does
 

the virus come from
 

(and when)?


 
and how does

 
it

 
spread?



WISDOM

2005 2006 2007 2008
Wisdom‐I
Malaria 

Plasmepsin

DataChallenge
Avian

 

Flu
Neuraminidase

Wisdom‐II
Malaria 
4 targets

DataChallenge
Diabetes

Alpha‐amylase

EGEE, Auvergrid,
TwGrid, EELA, 

EuChina,
EuMedGrid

Embrace
EGEE

BioInfoGrid

SCAI, CNU
Academica Sinica of Taiwan

ITB, Unimo Univ,, LPC, CMBA 
CERN-Arda, Healthgrid, KISTI

GRIDS EUROPEAN PROJECTS INSTITUTES

WISDOM (World‐wide In Silico
 

Docking On Malaria) is an initiative
aims to demonstrate the relevance and the impact of the grid
approach to address drug discovery for neglected and emerging
diseases.



WISDOM partners

12

Univ. Los Andes:
Biological targets, 

Malaria biology

LPC Clermont-Ferrand:
Biomedical grid

SCAI Fraunhofer:
Knowledge extraction,

Chemoinformatics

Univ. Modena:
Biological targets, 

Molecular Dynamics

ITB CNR:
Bioinformatics,

Molecular modelling

Univ. Pretoria:
Bioinformatics, 
Malaria biology

Academica Sinica:
Grid user interface 

HealthGrid:
Biomedical grid, 
Dissemination

CEA, Acamba project:
Biological targets, 
Chemogenomics Chonnam Nat. Univ.

In vitro tests 

KISTI
Grid technology 



Oseltamivir is an 
antiviral drug

 
used

in the treatment
and prophylaxis

 
of 

Influenzavirus
 

A



Work
 

achieved
 

since
 

2005

8 variants

 

NA predicted
by homology

 

modelling

Combinatorial

 
library

 

Combinatorial

 
library

Number of 

dockings

CPU 

years

Real

Time
CPUs used

Produced

Data

size

Crunching

Factor
Distribution 

 efficiency

4 millions 100 1,5 months 1700 800 GB 900
50 % 

 WISDOM

>80% DIANE

ZINC substet
300,000

ZINC substet
300,000

5 known
inhibitors
5 known
inhibitors

Autodock

 

Docking

 

Tool Chemical

 

compound
database

Deployment
 

on EGEE grid…



Wisdom
 

production environment

AMGA
2. Post‐Processing

WMSWMS

3. Lab
 

Validation

User Interface

1. Virtual Screening

WISDOM 

 production 

 system

 

WISDOM 

 production 

 system

Job submission
CE & WNsCE & WNs

Job

SEsSEs

Software

Protein

Compounds

Results

Statistics

Job status / Resubmission

Statistics

WMS:

 

Workload Management System
CE: 

 

Computing Element
SE: 

 

Storage Element
DMS: 

 

Data Management System
SRM: 

 

Storage Resource Management
Inputs
Outputs

DMSDMS

SRMSRM



Results obtained

T06 T01 T02 T03 T05 T07 T13

DAN - - - - - - -

4AM - - + + - - -

49A + - + + + - -

GNA + - + - + - +

G39 + - - - + - +

Mutation 

 

effect 

 

on 

 the 

 

known 

 

inhibitors 

 docking scores.  
"+" sign: compound is 

 within top 5%
"‐”sign: 

 

compound 

 

is 

 not 

 

within 

 

the 

 

top 

 5%.

zanamivir oseltamivir

5 known 
inhibitors

 Quick evaluation of mutation effect on inhibitor binding



Molecular Epidemiology

 Classification of virus 
 strains

 Tracing of transmission 
 of a strain

 Analyses of outbreaks

 Analyses of pathogenesis 
 of virus infection in 

 humans



Influenza Virus 
Resource
NCBI

Influenza Virus 
Resource
NCBI

ISD
Los Alamos 

 
National Lab

 

ISD
Los Alamos 

 
National Lab

Influenza Virus 

 
Database

 
Beijing Institute 

 
of Genomics

 

Influenza Virus 

 
Database

Beijing Institute 

 
of Genomics

PHYLOGENY PACKAGES

•Freely available 
Phylip
BioNJ
PhyML
Tree Puzzle
MrBayes

• Commercial
PAUP
MEGA

PHYLOGENY PACKAGES

•Freely available 
Phylip
BioNJ
PhyML
Tree Puzzle
MrBayes

• Commercial
PAUP
MEGA

……

New sequence + informations 
added to databases

New virus New genome

Virtual 
Screening



Avian flu grid pilot architecture

Grid security authority

computations

Private influenza DB

Securit
 y

Interface
Job 

 submission

Avian Flu Grid portal

Public influenza DB

Update &
replication

exportation

Public grid infrastructures

Virologist



Conclusion

The proposed surveillance network would federate, 
 on grid, national data repositories on avian flu 

 together with international public repository

Two services will be offered to the research 
 community


 

In silico drug discovery


 
Molecular epidemiology

In case of pandemic alert, all information gathered in 
 the network will become available

PhD Vietnam/France: Mr. Doan Trung Tung 
“Towards a global surveillance network on avian influenza using grid technology”



Perspectives for 2009

• FCPPL
– Develop collaboration with IHEP
– Extend collaboration to other institutes

• EUChinaGRID‐PDA
– Project submitted March 17th 2009 to European 

 Commission
– Follow‐up on activities developed within 

 EUChinaGRID
– Work Package 3 mostly dedicated to biomedical 

 applications with focus on avian flu
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Thank you for your attention!
Ana Lucia DA COSTA

Research Engineer, CNRS-IN2P3
dacosta@clermont.in2p3.fr
breton@clermont.in2p3.fr

mailto:dacosta@clermont.in2p3.fr
mailto:dacosta@clermont.in2p3.fr
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