








. Tuberculosis continues

: to affect millions of people

. in the world and the current
: form of the vaccine is not

. as effective as could be hoped.
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Immunology

The Immunology Department
focuses on the development of the

immune system, on the fundamental \

mechanisms of immune responses
and their regulation, on immunity
to infection and tumors, and

on physiological and pathologlcal
inflammation.

It has embarked on the development
of “humanized” mice to create '
murine models of human diseases,
and has become increasingly -
interested in clinical research through !
the creation of a Center for Human
Immunology.

Two teams from the
Infection and Epidemiology
Department and one

team from an Institute

of the International
Network of Instituts
Pasteur are associated
with the department.
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The department includes ten research units, four five-year groups,
a laboratory and a platform. A little under 200 people work

in the department. In addition, two teams from the Infection and
Epidemiology Department and one team from an Institute of the
International Network of Instituts Pasteur are associated with the
Immunology Department. Research conducted in the Immunology
Department encompasses everything from the most fundamental
work to clinical studies. It focuses on three main themes.

Three research themes

Development and homeostasis of the immune system
The immune system is made up of several cell populations
which are derived from hematopoietic cells. These cells
differentiate during embryogenesis. They circulate in blood and
lymphatic vessels and gather to form lymphoid organs. They
multiply during the immune response.

Research conducted in the department focuses on the
mechanisms that determine and regulate all these processes:
the differentiation of hematopoietic stem cells into lymphoid cell
precursors, the mechanisms that determine the differentiation
of NK and NKT cells, the somatic mutations that shape the
immune repertoire and regulate antibody affinity, the processes
that enable the constitution and organization of peripheral
lymphoid organs, the mechanisms that regulate lymphocyte
expansion and contraction during the immune response
and maintain the balance between the different populations,
and the programmed death mechanisms involved in the
elimination of autoreactive and transformed cells.

Innate and acquired immunity

We now know that we have “two immune systems”: an ancient
immune system, and an immune system that emerged more
recently. The primitive system confers an “innate” immunity.

It is made up of a set of cells that possess receptors for
structures borne by numerous microorganisms, through which
they can interact with and destroy pathogens. These cells

can be immediately mobilized and are functional. The innate
immune response is immediate. The modern immune system
confers an “adaptive” immunity, which is specific to a given
antigen. It is characterized by specialized cells which possess
unigue antigen receptors with high specificity. These are
lymphocytes. Lymphocytes capable of “recognizing” a given
antigen are few in number. They first need to divide to act on
the antigen. They must also differentiate, into antibody-
producing cells or cytotoxic cells for instance. Adaptive immune
response takes several days to develop.

But the new immune system has not replaced the old one.
Adaptive immunity in fact depends on innate immunity and two
critical moments of the immune response. Dendritic cells capture
and present antigen to T lymphocytes as peptidic fragments
associated with molecules of the major histocompatibility
complex. Antigen presentation by cells of the innate immune
system to lymphocytes is required for acquired immunity
to develop. When antibodies have been produced, they diffuse
throughout the organism. By binding to antibody receptors
expressed by a great number of cells, antibodies provide cells
of the innate immune system, which have no antigen-recognition
structure, with bona fide antigen receptors which resemble B
cell receptors. Antibodies can thus “enroll” cells of the innate
immunity into adaptive immunity.

Research conducted in the Immunology Department focuses
on various facets of these interactions. Some groups are
investigating the mechanisms involved in the development
of innate immune responses and their regulation, the cytokines
and growth factors involved, and the receptors and intracellular
signals that they produce.

45



Immunology

The department is also
turning towards clinical
research through the
creation of a Center for
Human Immunology.
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Others are studying the development of acquired immune
responses and their regulation, from antigen processing and
presentation by dendritic cells to the various effector mechanisms.

This research is conducted in murine and human in vitro
and in vivo models. It uses gene expression analysis techniques,
biochemical techniques, flow cytometry cell analysis techniques,
imaging techniques on sections of tissue and organs, and
intravital two-photon videomicroscopy techniques.

Immune responses and pathologies

Immune responses provide protection against infections,

and also against some cancers. Several groups in the department

are studying protective mechanisms in immunity to infection

and cancer. Others are developing various vaccination and immu-

notherapy protocols to render these mechanisms more efficient.
Immune responses, however, can themselves be pathogenic.

Mechanisms that can kill are indeed potentially harmful. This

occurs when they target the “wrong” antigen, as in autoimmune

diseases, or when they are of exaggerated intensity as

in inflammatory or allergic diseases. Immune responses must

therefore be tightly controlled by regulatory mechanisms.

Several groups in the Immunology Department are studying

these regulatory mechanisms, their dysfunctions and their

potential therapeutic use.

01. Embryo lymph node
02. Peyer’s patches.

03. Intestine.
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Of mice and men...

Gene inactivation and transgenesis techniques have enabled a
great number of genetically modified mice to be created. These
mice provide incomparable analytical tools for determining the
biological roles of immune molecules. It is therefore important
to develop murine models of human diseases and adapt them
to these genetically modified mice. Mice are not humans
however. The department is therefore involved in creating and
studying “humanized” mice in which key immune system
molecules, or even immune cells, have been replaced by their
human equivalents.

In this way, the mice whose major histocompatibility complex
molecules have been replaced by their human equivalents
become capable of presenting antigens in the same way as
humans. These mice will be invaluable for studying antiviral
immunity and for identifying peptides that are immunogenic
in humans and which could be used to produce vaccines.

Similarly, mice whose antibody receptors have been replaced
by their human counterparts can be used to study inflammatory
diseases induced by antibodies, such as allergies or some
autoimmune diseases. They will also be used to assess the efficacy
and toxicity of therapeutic antibodies and then optimize them.

Finally, mice, in which immune cell genes have been
inactivated (and which have no immune system), can be
“reconstituted” with human lymphoid cells and acquire a human
immune system. These mice are unique models for studying
human immune responses... in mice. They can also accept
human tissues, such as hepatic cells, and be infected by viruses
responsible for human diseases, such as hepatitis C, so that
the immune responses of human cells can be studied in vivo.

From fundamental immunology to clinical
immunology and from clinical immunology

to fundamental immunology

The Immunology Department is becoming more involved in
research in human immunology. It is, indeed, important to apply
the results of fundamental research, conducted in experimental
models or, in vivo, in animal models, to the reality of human
physiology and clinical issues.

For this purpose, a Center for Human Immunology (CIH) was
set up in early 2008 where researchers and clinicians will be
able to meet and work together. Not only does this project aim
to develop “translational” research, enabling concepts developed
in experimental models to be applied to clinical situations, it also,
and perhaps especially, seeks to develop experimental models
to answer questions raised by human pathologies. Pathologies
indeed often reveal a great deal about physiology. The CIH will
be an Immunology Department platform. It will be attached
to the Imagopole and will be open to researchers from all over
the campus, and interested clinicians outside the campus.
Research projects to be conducted in the center will be selected
by the CIH’s Scientific Council following submission.




kill 13 million
people throughout
the world every year.
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Infection and
Epidemiology
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A public health initiative

To apply this research successfully to humans, several clinical

and epidemiological trials are being carried out in cooperation with
clinicians working in national hospitals, the International Network of
Instituts Pasteur and the National Reference Centers (CNRs) and
WHO Collaborating Centers. CNRs represent an interface between
daily clinical reality and fundamental research.

Together with structures such as the Medical Center and the
Vaccine and Biomedical Research Center, they contribute to the
Institut Pasteur’'s commitment to public health, as Louis Pasteur
himself wanted. In particular, the Clinical Investigation and Research
Support structure assists units in the department and on campus
in successfully conducting their biomedical research. Other struc-
tures offer their technological expertise to the department and the
campus as a whole. This is particularly the case of the Histotech-
nology and Pathology Unit, which carries out both veterinary and
human histology studies, and the Genotyping of Pathogens and
Public Health platform, which works with the CNRs in the fields
of genetic typing, molecular identification, pathogen genetics
(bacteria, viruses, parasites, fungi) and the monitoring of pathogen
development.

There is also the Emergency Biological Intervention Unit, which is
called on in crisis situations caused by the resurgence of infectious
foci and epidemics all over the world.

Progress in 2007

Last year, new elements that are key to understanding the physi-
opathological mechanisms of infection were identified by the
department’s research units, using animal models of infection.

It was shown that the edema toxin of the anthrax bacillus
(Bacillus anthracis) down regulates type-IIA secreted phospholi-
pase A2 expression in alveolar macrophages. This study identified
a new molecular mechanism implemented by B. anthracis
1o escape the innate immune response of the host.

Research into the pathogenesis of Neisseria meningitidis, which
is responsible for meningitis and septicemia, is rendered difficult
due to the lack of experimental models. In fact, a major factor of
the infection is the uptake of iron by proteins that bind specifically
human transferrin but not murine transferrin. Therefore, a signifi-
cant advance has been the development of a new meningococ-
cemia experimental model using transgenic mice expressing
human transferrin.

Helicobacter pylori is a pathogenic agent of the stomach
responsible for ulcers and even gastric cancers. Activation of NF-
B in gastric mucosal cells during an acute infection was demon-
strated for the first time.

The polysaccharidic capsule of Cryptococcus neoformans is the
main virulence factor of the fungus. An UDP-glucose epimerase
and an UDP-galactose transporter have been identified as being
essential for C. neoformans virulence.

By using knock-out mice for Toll-like receptors (TLR), it was shown
that neither TLR4, TLR2 nor TLR9 contributed to the induction of
the TNF (Tumor Necrosis Factor) and interleukin-10 by Staphyloc-
cocus aureus. In the absence of TLR2, phagocytosis was shown
to be essential for cytokine production in response to S. aureus.

A study on Pseudomonas aeruginosa showed that its flagellum
plays a dual role through TLR5 in host defense and disease, and
suggests that death due to this bacterium may be biphasic with
flagellin playing a role early on in the disease.

Finally, the study of Influenza A virus sensing by human respiratory
epithelial cells revealed that TLR3 primarily regulates a proinflam-
matory response, whereas RIG-I mediates both type | IFN-
dependent antiviral signaling and a proinflammatory response.
The biomedical and public health research carried out within the
department has also provided an invaluable source of information
for studies conducted in collaboration with the medical world.
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Infection and Epidemiology

01. Healthy lung.

02. Bronchial hyperactivity model.
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A site devoted to hepatitis C research has been set up in Egypt,
in collaboration with the French National Agency for Research on
AIDS and Viral Hepatitis. Among the different findings, there is
the interest in the dosage of serum alpha fetoprotein as a predictive
factor in the response to treatment in patients suffering from
chronic hepatitis. In addition, the high level of triglycerides
observed in patients having spontaneously recovered from
such an infection suggests that high triglyceride levels at the time
of acute infection may facilitate viral clearance.

A new viral strategy of immune evasion for the human immuno-
deficiency virus (HIV) has been identified in patients chronically
infected with HIV. The cytotoxic activity of HIV-specific cytotoxic
T-lymphocytes (CTLs), required for eliminating infected cells, is
inhibited by the expression of specific inhibitory receptors, normally
expressed on Natural Killer (iNKR) cells, which block the activation
and functions of CTLs in response to HIV derived peptides.

The expression of INKRs is governed by the viral load, and is
in correlation with the development of the disease. In CD4+ T
lymphocytes from HIV+ patients, expression of the IL-7 receptor
alpha chain is close to normal but its function is impaired.

This defect reduces the immune response and impairs the loop
regulating the number of CD4+ lymphocytes by IL-7.

There are patients who have controlled their HIV infection for ten
years or more without any anti-retroviral therapy. In these patients,
it has been shown that HIV-specific responses are characterized
by a preserved compartment of memory CD4+ T cells, with IL-2
secretion capacity still intact and non-detrimental T cell immune
activation.

Hospital emergency and intensive care units are eager for early
markers of Bordetella infection. Some, such as procalcitonin and
soluble TREM-1 are available or envisaged. Unfortunately, it has
been demonstrated that the plasma rates of these two markers
can be increased during non-infectious processes, such as
in patients who have been resuscitated after a cardiac arrest.

A multicenter study has determined new prognostic factors for
cryptococcosis, and proposes new treatment for patients. Cases
of imported cholera were reported in 2007 in four people who
had traveled in India. These strains showed poor sensitivity to
fluoroquinolones, an antibiotic recommended for travelers with
infectious diarrhea in developing countries.

Finally, for the first time, contamination of a cat by a bat-derived
lyssavirus was reported in France.

Teaching activities

Many members of the department are involved in teaching
activities, either heading up courses given at the Institut Pasteur,
or teaching in French universities or abroad as part of international
teaching programs.

Applied research

Different patents were registered in 2007, including those
concerning biosensors, the diagnosis or screening of arbovirus
infection, and the molecular typing of Salmonella.



Infectious diseases and
human health at the
forefront of our activities.
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Clinical isolates from Bordetella
pertussis (the whooping cough
agent), collected in eight Euro-
pean countries, were analyzed
by pulsed-field gel electropho-
resis. It was observed that
some profiles have a greater
spreading capacity,

suggesting that some strains
have adapted to their immuno-
logical environment.

This illustrates the importance
of continuing with B. pertussis
isolate monitoring programs,
as both the reduction in
vaccine-derived immunity and
strain variation over time may
have a decisive role to play in
the persistence of whooping
cough.
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Microbiology

Microorganisms are used as
models to help us understand
the main mechanisms of the
living being and fight against
bacterial diseases.

Research particularly focuses

on microbial envelopes, the
interactions between microorga-
nisms and their environment

and the mechanisms responsible
for the pathogenic nature

of certain bacteria.

Various microbes, which are
important for ecology and/or
which might provide essential
components in the future

(new antibiotics, enzymes,
nanomaterials), are being studied.

Last year, the Bacterial
Membranes Unit obtained
significant results regarding
iron transport mechanisms.
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Understanding what makes bacteria pathogenic
Numerous pathogenic bacteria are studied in the department,
including Staphylococcus aureus (nosocomial diseases), Bacil-
lus anthracis (anthrax disease), Clostridium tetanii (tetanus),
Yersinia pestis (plague) and Helicobacter pylori (ulcers and
gastric cancers). The research conducted aims to clarify the
molecular mechanisms that give these bacteria their pathogenic
nature, in order to identify new therapeutic targets.

A new department team is therefore focusing on the role of
peptidoglycan, one of the components of the bacterial wall, in
pathogenesis. Peptidoglycan, which is made up of sugar chains
cross-linked by short peptides, only exists in bacteria. It is there-
fore rapidly identified as a foreign body by the infected organism
which develops an antibacterial response called innate immunity.
How do pathogenic bacteria break down this response?

By using Listeria monocytogenes, a bacterium capable of devel-
oping in human cells, as a model, researchers in the Biology and
Genetics of the Bacterial Cell Wall Team have been able to show
that this bacterium chemically modifies its peptidoglycan sugars
to prevent the infected cell from recognizing it. They have shown
that contrary to the wild bacterium, an L. monocytogenes mutant,
which was incapable of performing this modification, had difficulty
surviving in the macrophages, a condition which is essential for
its infectious nature. It remains to be established whether similar
resistance mechanisms exist in other pathogenic bacteria.

Another new unit is focusing on leptospira, spiral shaped bac-
teria that are responsible for leptospirosis. Their natural reservoir
is the rat, which excretes them in its urine and thus contaminates
water sources. If this contaminated water comes into contact
with broken human skin, the leptospira can enter the organism
and cause the disease. Until now, the factors responsible for the
virulence of these bacteria were unknown.

Researchers from the Biology of Spirochetes Unit have
developed an effective method for inactivating leptospira genes,
a world first. They have been able to isolate a mutant that is no
longer capable of expressing a protein whose function is
unknown to the bacterial surface. An animal model reproducing
the human disease has been used to show that after inoculation
with this mutant, the animal no longer presents with any sign

of the disease. In addition, by reintroducing the gene responsible
for the expression of this protein in the mutant, the bacteria
regain their virulent nature. This protein corresponds to the first
virulence factor identified in leptospira.

Iron in bacteria

Several teams in the department are carefully studying the
fundamental physiological mechanisms that have an indirect
but major impact on pathogenicity in bacteria.

Last year, the Bacterial Membranes Unit obtained significant
results regarding iron transport mechanisms. Iron, a key
element in energy metabolism, is essential for all living beings.
However, bacteria are confronted with a shortage of this metal,
both in their hosts and in the environment, where iron precipi-
tates as rust when it comes into contact with the air. Pathogenic
bacteria in particular have high iron requirements. A common
strategy used by bacteria to acquire iron involves producing
small molecules that present a high affinity for this element
and which, once loaded in iron in the external environment,
are captured by cell surface receptors and ingested. Heme (the
molecule containing iron and a co-factor in many cell reactions)
is the preferred source of iron for many pathogenic bacteria.

Researchers in the department have shown that several bac-
terial species secrete small extracellular proteins, called hemo-
phores (heme carriers), which capture the iron and transfer it to
bacteria by interacting with a receptor located on the surface of
their membranes. The structure of the hemophore (similar to
a fish shape) before and after heme binding has been determined. >>
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The mechanism whereby heme is transferred from the
hemophore to its receptor on the cell surface has been re-
created in a test tube and observed by analyzing the structure
of the heme/hemophore-receptor complex at atomic level.
Given the importance of iron for pathogenic bacteria, these
heme acquisition mechanisms could represent new targets
for research into antibacterial agents.

Microbes and the environment
Several units in the department are studying interactions
between microbes and the environment. Our department in fact
houses a cyanobacteria collection that is considered to be the
best in the world. Through their ability to fix carbon dioxide and
produce oxygen, cyanobacteria have a major role to play in the
biological balance of aquatic ecosystems. However, due to an
excess amount of mineral nutrients, arising from human activity
in many of these ecosystems, these microorganisms have
dramatically multiplied in fresh water sources. As some
cyanobacteria produce toxins, they can become harmful for
humans and animals. They can result in death and the cause
often remains unexplained by the local authorities. This was
particularly the case in the Tarn Gorge where, thanks to work
by Cyanobacteria Unit researchers, neurotoxic species were
identified. Together with Veolia Environnement, these researchers
have developed a new system for detecting toxic cyanobacteria
species to monitor their rise and assess the risks of toxicity.
Through molecular ecology approaches, researchers have also
shown that local environmental conditions have a significant
impact on the selection of cyanobacteria strains, which multiply
in these different ecosystems, and on the toxic potential of this
multiplication.

In the future, the department will continue its exploration
of the world of microorganisms and their specific mechanisms.
Numerous microorganisms are yet to be discovered, and some
may be responsible for diseases whose origin is currently
unknown. The genomes of more than 500 different micro-
organisms have now been sequenced, representing a veritable
goldmine for research into new molecules of medical
or industrial interest and for the discovery of new molecular
mechanisms preserved during evolution.

01. Efflorescence of cyanobacteria
(Microcystis aeruginosa) in a lake

in the Dordogne.

The blue color corresponds to the
pigments released by the dead cells.

02. Suspension of leptospira on
glass slide (electron microscopy).




Neuroscience

Research within the department
seeks to clarify the various organi-
zational levels of the nervous
system, from communication
between distant cerebral areas

to the synaptic molecular mecha-
nisms involved, and including
neuronal microcircuits, and
neuron-glial cell and neuron-sen-
sory cell communication.

The aim of this research is to gain
an understanding of the dynamics
involved in exchanges at each
organizational level (including
genetic variability and epigenesis)
and a formalized description
leading to a conception of the
integration of these various levels.
Another closely-related aim is

to clarify the pathogenesis of, and
design original preventive and
therapeutic approaches to, CNS
impairment, sensory disabilities,
metabolic diseases, psychiatric
diseases, drug addiction
(particularly nicotine) and aging.

03. Culture of neurons from the
black matter, infected with a
lentiviral vector for the specific
expression of a calcium flow marker
based on eGFP.
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Genesis of rhythmic activity in the bulbar circuit

By examining the temporal variations in electrical activity
triggered by sensory stimuli, the Perception and Memory Unit,
headed by Pierre-Marie Lledo, has demonstrated the impor-
tance of interactions between the main cells (mitral cells) and
the GABAergic interneurons of the olfactory bulb. Based on
different experimental approaches (morphometry, immunohistol-
ogy and electrophysiology), analysis of various different bulbar
components has enabled researchers to draw up a detailed
morphofunctional description of elements involved in synchro-
nous assembly formation. Electrophysiological exploration

of rhythmic activity (30-80 Hz) shows that GABAergic interneu-
rons are sufficient for producing and maintaining bulbar rhythms.
A specific type of GABAa receptor (expressing the subunit

1) is essential for producing these rhythms. We are currently
working towards understanding the unique properties of this
subunit that lie behind this function in the bulbar network.

Discovery of a new nicotine action mechanism

Little is known about the long-term effects of nicotine on
smokers’ brains. It is therefore essential to develop animal
models to find answers. It has been established that nicotine
increases the number of its own receptors in smokers’ brains
but analysis has especially focused on a specific type that
contains the subunit B2. However, the relative contribution of
the different receptor subunits is unknown. The Integrative
Neurobiology of Cholinergic Systems Candidate Unit, headed by
Uwe Maskos, has identified a new type of regulation for another
subtype, the receptor containing the subunit a7.

These receptors comprise this single subunit, therefore forming
a homopentamer. This regulation is characterized as long-term
homeostatic regulation of nicotine receptors. The Candidate
Unit has shown that — through a combination of molecular genet-
ics, in vivo electrophysiology and pharmacological manipulation
—a mechanism is established with two opposing processes,
which are managed differently by receptors containing 32 in
comparison with homomeric a7 receptors. The former, the “32”
process, desensitizes (inactivates) these receptors leading to

a fall in their contribution.



Neuroscience

These results offer

a new approach towards
understanding and treating
nicotine addiction.

01. Mouse hippocampus slice,
stained with two specific toxins of
nicotine receptor subtypes, in red
(granular) and in green (cell bodies)

02. Mouse ventral tegmental area
(VTA) slice, stained with an antibody
marking dopaminergic cells (red)
and the nuclei of all neurons (green).
RN, red nucleus. IP, interpeduncular
nucleus.
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The latter, process 7, opposes this inactivation by triggering an
increase in activity via these homopentamers.

These results offer a new approach towards understanding
and treating nicotine addiction and other neuropathologies in
humans involving these two types of receptors, such as
Parkinson’s disease, Alzheimer’s disease, ADHD (Attention
Deficit Hyperactivity Disorder) and schizophrenia. This should
be applied using new “nicotinoid” pharmacology, based on new
molecules acting as the nicotine, without causing dependency
or peripheral side effects. This new pharmacology will be
developed in partnership with the pharmaceutical industry.

A new pathogenic mechanism responsible

for neurosensory deafness

The endocochlear potential is the transepithelial electrical
potential difference that exists between the endolymphatic and
perilymphatic compartments of the mammalian cochlea.

Its value is approximately +80 mV. It has an essential role to play
in hearing as it is responsible for approximately half of the elec-
tromotive force that governs the mechanoelectrical transduction
current in auditory sensory cells. The endocochlear potential is
produced by the stria vascularis, a highly vascularized epithelium
lining the lateral wall of the cochlear duct. This epithelium com-
prises two layers of cells, separated by an electrically insulated
liquid compartment — the intrastrial space —, which has an
essential role to play in the production of endocochlear potential,
and which contains blood capillaries.

Mice deficient in connexin 30, a gap junction protein, no longer
produce endocochlear potential, which partly explains their
profound deafness. Cell loss in the auditory sensory epithelium
also contributes to this deafness. The Genetics and Physiology
of Hearing Unit, headed by Christine Petit, has examined the
ultrastructure of the stria vascularis in mice, and has identified
gaps in the capillary wall of the intrastrial space, whose endothe-
lial cells are normally linked by tight junctions. The loss of cell
barrier permeability has been confirmed experimentally through
the identification of a leak of blood protein to the intrastrial
space. These gaps establish an electrical shunt between the
intrastrial space and the blood compartment, and this may
explain the absence of endocochlear potential production
in mutant mice.

By comparing the stria vascularis transcriptome in wild and
mutant mice, researchers have been able to identify a molecule
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that is probably involved in pathogenesis. This molecule — homo-
cystein — is known for being responsible for endothelial dysfunc-
tions, and a local excess amount in mutant mice has been
confirmed by immunohistochemistry. We still need to understand
how the gap junction dysfunction in the stria vascularis induces
this excess amount of homocystein, and how this local excess

in turn has a deleterious effect on neighboring endothelial cells.

It is, however, the first time that an intrastrial endothelial barrier
rupture has been identified as a pathogenic mechanism of
deafness.

03. The stria vascularis comprises
the basal and intermediate cell layer,
and the marginal cell layer. These
layers delimit a liquid compartment
— the intrastrial space —, which
contains the blood capillaries.

The thick bars represent the tight
junctions, which also exist between
the capillary endothelial cells (not
represented). The double bars
represent the gap junctions, made
up of connexins 26 and 30.

EP is generated across the apical
membrane of the intermediate cells.
The concentration of K+ ions

(in mM) and the electric potential
value (in mV) are indicated.

57



Parasitology
and Mycology

concerns malaria, which
is responsible for millions
of deaths in developing
countries, particularly in
young children.




01. Adult Anopheles gambize.
This mosquito is the malaria vector.
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Department activities

The department is made up of seven units, one candidate unit,
one G5 group, one laboratory and one technical platform.

To date, 140 people work in the department, including

41 scientists, 22 post-doctoral researchers and 18 PhD students.
For most parasites studied in the department, completion

of their life cycle requires their ability to adapt to two separate
hosts — vector insects and mammal reservoirs.

The fight against these parasitic diseases therefore requires
action at parasite, host and vector level — three specific areas
studied in the department. The various biological features of four
parasites (Leishmania, Plasmodium, Trypanosoma, Toxoplasma)
and Aspergillus are being investigated together with some facets
of the physiopathology and immune response of host organisms
to infections by these pathogens. Work in the department
combines fundamental and applied research and is aimed
at controlling these parasite diseases. Approximately 60% of
research in the department concerns malaria, which is respon-
sible for millions of deaths in developing countries, particularly in
young children. Though far from being exhaustive, some specific
themes and achievements deserve a mention.

The ability to inactivate genes in Plasmodium berghei sporo-
zoites using the conditional mutagenesis technique, combined
with the construction of parasite strains expressing certain pro-
teins coupled with fluorescent proteins, has enabled researchers
to study the role of these proteins in infection of their mammal
host. Spectacular progress has also been made in understand-
ing the molecular mechanisms of antigenic variation in Plasmo-
dium falciparum, a strategy enabling parasites to survive and
evade defense mechanisms. Parasite-encoded ligands in the
infected erythrocyte membrane bind to endothelial cells and re-
sult in serious pathologies associated with malaria. Attempts are
being made to define an optimum antigenic structure on the
surface of infected erythrocytes for use as a vaccine that could
prevent the occurrence of a serious pathology in pregnant
women infected with Plasmodium falciparum.

Observations

It has been demonstrated that histamine-mediated signals
contribute significantly to malaria severity in murine models of
infection. In fact, mice deficient in histamine are remarkably
resistant to manifestations of cerebral malaria, one of the most
serious complications of infection by Plasmodium. Understand-
ing the mechanisms behind these effects of histamine could lead
to new therapeutic strategies for alleviating malaria. In severe
cases in African children, it has been observed that infected
erythrocytes can bind to infected and uninfected erythrocytes
thanks to the VarO adhesin molecule, which could be used
as a target for intervention. Sub2, a subtilisin family protease
involved in the maturation of merozoite proteins, could also be
an interesting therapeutic target for malaria.

Progress has been made in the development of a vaccine
against malaria. For example, one of the candidates, a merozoite
surface protein, is currently being developed. Other molecules
from asexual blood stages could also have vaccine potential. In
addition, a transcriptome study associated with immuno-proteomic
analysis has led to the characterization of liver antigens capable
of inducing protection against malaria. Interestingly, coinfection
by helminths makes malaria symptoms worse suggesting that
treatment against “worms” could facilitate acquisition of protection.

As the parasite responsible for malaria must be carried by
mosquitoes, it is generally acknowledged that transmission
of the parasite can be interrupted by targeting the vector. Within
this context, research is focusing on the development of a
vaccine that would block transmission of malaria by inhibiting
the development of Plasmodium in mosquitoes. A candidate
molecule, which has a role to play in both mosquito fertility and
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development of the parasite in mosquitoes, has been identified
in the vector. To enhance entomological studies in the depart-
ment, a unit led by an internationally renowned expert was set
up in 2007. It seems that a large number of wild mosquitoes are
resistant as they are capable of destroying the malaria parasites
that they ingest in the blood of infected people. The main objec-
tive of this unit is to understand how the resistant mosquitoes
kill the parasite in order to develop tools that can be used to
increase the proportion of resistant mosquitoes to the detriment
of the malaria vector ones. For this purpose, the gene regions
(loci) controlling anopheles’ susceptibility and resistance to
Plasmodium falciparum infection are currently being characterized.

African trypanosomes, responsible for trypanosomiasis, are
of great interest as they can be subjected to modern reverse
genetics technology. In this context, a gene essential for RNAI
has been identified in Trypanosoma. The flagellum is essential
to the trypanosome cell cycle and its motility. The mechanisms
specific to its formation and the genes involved have been char-
acterized. The role of the trypanosome flagellum in the tsetse fly
is currently being studied. The signaling pathways responsible
for Leishmania virulence have been successfully studied using
molecular strategies, such as the invalidation of some genes
(knock-out) or their over-expression.

A model of infection used to isolate cells during lesion
development, combined with the construction of fluorescent
parasites, provide powerful tools for studying the events leading
to Leishmania major parasite establishment and persistence.
Transcriptional signatures of the presence of Leishmania amazo-
nesis in phagocytes have been characterized.

Innate immune response elements, which have a role to play
in the development of T cell adaptive response to L. major, have
been identified. In fact, parasite interaction with TLR9 seems to
be important in the development of a protective response to
L. major. Leishmania DNA has been identified as being the TLR9
ligand and is responsible for dendritic cell stimulation and matu-
ration to a functional phenotype favoring the development of a
protective T cell response.

Aspergillus fumigatus is a fungus responsible for invasive
pulmonary diseases, which are most often fatal in immunosup-
pressed individuals. The cell wall is essential to the growth
of this organism and its resistance to environmental stress.

In this context, significant headway has been made in analyzing
the structure and biosynthesis of the cell wall in Aspergillus.

This will enable improved methods to be developed for diagnos- 01
ing and identifying new therapeutic targets.

o1.
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Virology

The Virology Department comprises
22 research units investigating
viruses and their molecular
organization, virus-host interactions
and pathogenicity determinants,
particularly in the case of human
viruses. There are few research
organizations in the world with such
a high concentration of virologists

in a single department. Our main
aim is to be at the cutting edge of
fundamental research while remain-
ing close to applications in public
health.

01. Aedes albopictus mosquito,
the Chikungunya virus vector.
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The department houses four WHO Collaborating Centers,

three of which are also National Reference Centers. In addition,
most department members are involved in teaching the virology
courses run by the Institut Pasteur. A number of scientists
working in the International Network of Instituts Pasteur are
also affiliated to our department.

Viral cycle
The research conducted by the department’s teams aims
to identify the molecular mechanisms involved during the
different steps of the viral cycle, for instance entry, intracellular
transport, genome uncoating, genome replication, particle
assembly, cell-to-cell viral transfer and exit. We are also study-
ing the dissemination of viruses within the organism and
the environment (transmission modes, vectors, entomology,
zoonotic transmission, identifying animal reservoirs,
conducting molecular and clinical epidemiology, etc.). The use
of retroviruses as vectors for gene therapy is also being devel-
oped together with imaging techniques to study the dynamics
of viral infection. Research is also focused on understanding
the innate immune and specific host responses to viral infec-
tions, both at infected cell and entire organism levels. This is
key to understanding viral pathogenesis. Another essential
aspect is the identification of human genetic determinants of
susceptibility or resistance to viral infection. This involves
population genetics. The resulting knowledge is paramount to
developing rational approaches for both preventive and curative
treatment. For this purpose, and in collaboration with Institut
Pasteur technological platforms, scientists in the department
are developing state-of-the-art screening assays to identify and
validate viral and/or host targets for therapeutic intervention.

The viruses that we study are diverse and include retroviruses
(HIV, HTLV and foamy viruses — as well as their simian counter-
parts), oncogenic viruses (including hepatitis viruses, papilloma-
viruses and herpes viruses), respiratory viruses (including influ-
enza virus and SARS coronavirus) and arboviruses (including
flaviviruses, alphaviruses and bunyaviruses). Other viruses stud-
ied include picornaviruses, rhabdoviruses and paramyxoviruses.
Highly pathogenic agents, such as Lassa and Nipah viruses,
are studied in the biosafety Level 4 facility in Lyon.

Following the recent outbreak of the Chikungunya virus
in the Indian Ocean, a task force was created featuring a dozen
research entities and involving the Institut Pasteur’s technologi-
cal platforms. This led to the development of an effective
network of synergies between the different teams and produced
results concerning the genomic evolution, cellular tropism and
physiopathology of the infection in humans. It also involved the
development of an animal model and research into the vector
transmission of this virus. The work and responsiveness of all
teams illustrates the type of collaboration and synergy that we
would like to develop in the department.

Future prospects
Our main challenge for the years to come involves the success-
ful integration of the various components of modern-day
virology (i.e. genomic characterization, regulation of gene ex-
pression, structural aspects, antigenicity, host responses, etc.)
in the context of overall viral physiology at cell and infected
organism level. This will require implementing new methods,
such as real-time imaging within a cell and within an animal,
under adequate containment conditions. Using systemic
biological approaches, we will investigate viral signaling
and interference with intra- and inter-cellular networks to
identify and validate the key host factors involved.
This strategy — which requires solid partnerships with
other departments — will draw on our ability to understand
pathogenic signals in major viral diseases.
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Virology

01. Interactions between a human
dendritic cell (inaccurate color
reproduction, pink) and a human
lymphocyte infected by the HTLV-1
virus (inaccurate color reproduction
color, green), shown in ultrastructural
microscopy.

(Epidemiology and Physiopathology
of Oncogenic Viruses Unit, with the
support of the Electron Microscopy
Platform/referenced article:
Ceccaldi et al., J. Virol., 2006).
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As most emerging viruses have a zoonotic origin, it is impor-
tant to understand the ecosystem and environmental factors
leading to interspecies transmission. Furthermore, identification
of the mechanism of viral adaptation to a new host represents
another key step that has to be further investigated. Such an
approach must be implemented in close collaboration with other
communities of scientists in France working on zoonotic viruses
(INRA and IRD).

For this purpose, the Institut Pasteur has entered into an
agreement with INRA and has allocated the necessary resources
to support joint research programs through Transversal
Research Programs. The study of viral transmission vectors,
for instance, constitutes an essential subject that must be
developed further at the Institut Pasteur. This includes research
into the innate immune response in mosquitoes, based on
knowledge already acquired on Drosophila. The complete
sequencing of A. Albopictus and A. Aegypti genomes ensures
the feasibility of this project. Through its work with entomologists
and technological platforms on campus and from other
institutions, the department is in an ideal position to meet
this challenge.

Technological developments are important for some projects
in the Virology Department. A systematic approach for identifying
the network of interactors of selected viral proteins within an
infected cell, comparing in particular proteins from virulent and
non-virulent strains, has been put forth by some of the groups
and needs to be consolidated.

A group dedicated to the discovery of new viruses, including
state-of-the-art resequencing chips and pyrosequencing
techniques, is currently being set up. It should enable the rapid
identification of viruses present in biological samples.

To conclude, we aim to bring the research carried out in
virology at the Institut Pasteur to the leading edge of the
discipline, at the frontiers with cell biology, immunology,
structural biology, epidemiology and other sciences,
implementing major synergies with other departments at the
Institut Pasteur and different groups of the International Network
of the Instituts Pasteur. We hope that in the next four years
the synergies illustrated by the Chikungunya project will be
consolidated and expanded to tackle other challenges in
contemporary virology.

Our main challenge for
the years to come involves
the successful integration
of the various components
of modern-day virology.
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HIV-1 virus

Over the last few years,
important results have been
obtained concerning interac-
tions of dendritic cells with
HIV-1 and other viruses
(dengue, HCV); SIV and non-
human primate models; the
effect of APOBEC molecules
on different viruses including
endogenous retroviruses,
hepatitis B virus, HTLV-1 and
foamy viruses; the discovery
and characterization of a new
human retrovirus (HTLV-3);

and the use of recombinant
measles virus vaccines and
lentiviral vectors for gene
therapy and vaccination.
Other important findings con-
cern the regulation of influenza
virus replication; the molecular
pathogenesis of the Rift Valley
hemorrhagic fever virus; the
role of chemokines and chem-
okine-receptors in papilloma-
virus and HIV infections, and
the characterization of genetic
suscepitibility to the Dengue virus
both in animals and humans.
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A Genopole bioinformatician
network has been created

to pool expertise and meet users’
IT requirements.
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Technological
Platforms

Biological and medical research
increasingly depends on complex,
costly and rapidly developing tech-
nology. The Institut Pasteur has
devoted significant resources to
the development of its technological
platforms — the Pasteur Genopole
lle-de-France, the Imagopole,
platforms offering tools and
expertise in biophysics, protein
sequencing and murine transgen-
esis, a software and databases
group, an animal facility, a Center
for Production and Infection

of Anopheles, and three collections
of microorganisms forming

the Biology Resource Center.

01. Constellation of clones in the
Listeria monocytogenes species
after comparison of sequences of
seven genes (chromosome probing
using the MLST method). Most clinical
strains can be divided into a small
number of clones which must be
identified and which are generally
characterized by one or two
specific serotypes, distinguished by
colors (Image: S. Brisse)
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Pasteur Genopole ile-de-France

The development of new molecular and genomic analysis
technologies has transformed biomedical research.

The Institut Pasteur has set up ten technological platforms

to increase access to these technologies and the expertise
required for their application. These platforms, which form the
Pasteur Genopole fle-de-France, reflect a coordinated approach,
ranging from genome sequencing to the study of their function-
ing and the characterization of proteins derived from them,
which are targets for modern drug and vaccine development.
Eighty researchers, engineers and highly qualified technicians
with different skills are involved in fundamental research and
health sector projects.

Analysis of genetic information is based on the sequencing of
complete genomes and the characterization of polymorphisms.
Targeted analysis of candidate genes has led to the discovery
of genes predisposing to different diseases in human beings
or animal models. Whole genome transcriptome analyses using
DNA microarrays have improved our understanding of microor-
ganism physiology and host response to infection.

These methods are also applied to fundamental issues, such
as the identification of regulatory micro-RNAs or research into
embryo development.

The Genopole provides a broad range of approaches for
analyzing proteins. The Production of Recombinant Proteins
and Antibodies platform must meet a growing demand for
proteins produced in eukaryotic cells.

Different proteomics technologies are available for analyzing
purified proteins or complex cell extracts — protein microse-
quencing, analysis by ProteinChip Arrays (Ciphergen) and mass
spectrometry (electrospray and MALDI) combined with protein
separation through 2D electrophoresis and multidimensional
liquid chromatography. These methods are used to approach
various different issues relating to cell regulations or the organi-
zation of macromolecular complexes.

The automation of protein crystallization has contributed
to the development of structural biology at the Institut Pasteur.
The Biophysics of Macromolecules and their Interactions
Platform enables us to study the energetics and dynamics
of biological macromolecules and their assembly using
13 advanced technologies.

The Genotyping of Pathogens and Public Health Platform,
supported by the French National Institute for Health Monitoring,
cooperates with National Reference Centers and French national
microbiological monitoring laboratories to type pathogenic
microorganisms and for population genetic studies.

This laboratory is also called upon in the event of a bio-
emergency and is part of the Institut Pasteur’s emergency plan
in case of a pandemic outbreak of avian influenza.

Information technology has a major role to play in processing
data produced by these high-throughput approaches.

The “Genome Analysis and Integration” team implements

IT methods to analyze and manage genomic and postgenomic
data in order to facilitate their analysis using various algorithms.
A Genopole bioinformatician network has been created to pool
expertise and meet users’ IT requirements.

Major investments have been approved this year. The
purchase of a Solexa high-throughput sequencer will provide
a new dimension in the analysis of pathogenic microorganism
populations, genetic expression and especially in the study of
genome modification and epigenesis. Applications range from
understanding the phenomenon of emergence to cancer
analysis. A Genotyping of Higher Eukaryotes Platform was also
set up to support human and murine genetics teams.
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Technological Platforms

The Imagopole received
additional funding

from the European Union
(FP7 programy.

Other Institut Pasteur
platforms and services

A Central Animal Facility
offers its services to all units.
The work involving mouse
genetics benefits from the
help of the Mouse Genetics
Engineering Center.

A Center for Production and
Infection of Anopheles, one

of only a handful of such
structures in the world, aids
research into parasitology.
Information technology plays a
major role in the work of the
Institut Pasteur. A Software and
Databases Group keeps copies

of the main public databases
and provides Institut Pasteur
scientists with a range of
specialist software. The group
offers expert help in using

the software and databases.

It is also establishing partner-
ships for projects requiring new
IT developments. Three
collections of microorganism
(bacteria, cyanobacteria and
fungi) allow centralization and
distribution of isolates charac-
terized at the Institut Pasteur
and all over the world. These
collections form part of the
Biology Resource Center.




Imagopole

Many of the Institut Pasteur’s researchers and engineers use

the Imagopole. This structure comprises about 25 permanent
research engineers and research technicians and focuses on
three main technological areas — photonic microscopy, electron
microscopy and cytometry. Resources (staff and equipment) and
applications are developed in line with the Institut Pasteur’s areas
of research. The structure ensures that the technologies available
are accessible to everyone thanks to expert advice and
continuing training programs. A total of 30 pieces of advanced
technological equipment are available, providing for around
35,000 hours of use per year. This equipment includes the latest
technological systems for molecular, cellular and small animal
imaging, housed in S2 and S3 biological security level laboratories
(see www.imagopole.org).

At the end of 2007, the Imagopole obtained ISO 9001 certification
for its photonic and electron microscopy, and cytometry services.
This certification confirms the Imagopole’s commitment to continu-
ally improving the quality of its services and relations with its users.

Infection imaging

The main examples of pathogens targeted by imaging technologies
currently include parasites such as Plasmodium (responsible

for malaria) and Leishmania (responsible for visceral leishmaniasis,
a disease which affects more than 12 million people in more than
88 countries). The structure also investigates infections by viruses
such as the AIDS virus (HIV), the hepatitis C virus and human
papillomaviruses. Infections by bacteria such as Listeria and
Shigella and the mycobacteria responsible for tuberculosis are also
studied. Moreover, imaging technologies are used in research into
emerging diseases such as SARS, avian influenza and Chikungun-
ya; wherein examination of infectious material requires imaging
equipment to be installed in high security biosafety laboratories.

Noteworthy projects

> Development of optical imaging methods to study bacterial
infection in small animals:

The Dynamic Imaging Platform is developing new fluorescence
and bioluminescence imaging methods to view infection in living
animals (mainly mice). The aim of this project is to apply optical
imaging technologies to experimental animal models of infection
to design and assess new drugs against antibiotic-resistant
pathogens, particularly for nosocomial infections. This project,
funded by the Tle-de-France region (Modexa project), includes
partnerships between academic partners and biotech companies.
> Development of improved methods for electron microscope
imaging and analyses of biological samples:

The Ultrastructural Microscopy Platform develops advanced
techniques for preparing and observing biological material

— cryosections. These sections of frozen vitreous samples are
observed at liquid nitrogen temperature (electron cryomicroscopy).
They enable analysis of broad biological structures, such as
organelles, cells and microorganisms at nanometer resolution.

> Development of a correlative microscopy approach:
Engineers from the PFMU (Ultrastructural Microscopy Platform
of the Imagopole collaborating with the Faculty of Medicine,
Geneva) are working on a correlative approach to combine data
obtained from fluorescence (cryo)microscopy with structural
information obtained in 2D using transmission (cryo)electron
microscopy and in 3D using (cryo)electron tomography.
Fluorescence-marked structures are directly localized on the
frozen sample using a new technique set up on the platform,
fluorescence cryomicroscopy. This correlative approach could
be applied to different areas at the Institut Pasteur, such as
research into isolated pathogenic bacteria or host-pathogen
interactions.
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> Technological developments:

The Imagopole’s engineers must sometimes develop completely
new technological solutions for research projects. For example,
they invented a unique technology known as “confocal axial tomog-
raphy” and “micro-rotation imaging”, increasing 3D resolution by
three to five times compared with conventional optical imaging
methods. This project, funded by the European Union, won the
2005 Engineers of the Year Prize. More recently, the Imagopole re-
ceived additional funding from the European Union (FP7 program)
o develop a new microscopy technique in collaboration with King’s
College London, the Fraunhofer Institute in Germany, and a number
of partners with expertise in electronic device manufacture and op-

tical system development.

01. The center image shows the 3D
reconstruction of the chromatin of a
living human cell during cell division
(metaphase). The other images are

fluorescence optical slices of the

same cell seen from different angles.

Micro-rotation of the cell is possible
thanks to a new tomographic
confocal fluorescence system
developed on the Dynamic Imaging
Platform at the Institut Pasteur.
(For more information, visit
www.pfid.org/automation.)

02. This image shows part of a
mammal cell, a melanocyte, which
has been vitrified by high-pressure
freezing, then cut into sections and
observed cold. The arrow indicates
a transversal microtubule section.
The inset has been magnified further
and we can see the protofilaments
making up the microtubule.
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Research
Applications

The world of research has recently
been confronted with the

blurring of the boundary between
Research and Development.

Tools involved in development

are now widely used in research
laboratories and increase the
resources available to researchers.
The world of industry is increasingly
turning to research to help it find !
new themes and consequently

pave the way for new innovations.
This trend is in line with the Institut
Pasteur’s long-standing approach

— to conduct high quality research
while concentrating on its

usefulness for public health.
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Distribution of revenue
by field

Revenue from research applications
amounted to €40.2 M in 2007.

1. Diagnosis €21.5 M 53.5%
2. Vaccines €4.3 M 10.5%
3. Therapy €4 M 10%
4. Brand contracts €6.2 M  15.5%
5. Other fields, including

R&D revenue €4.2 M 10.5%
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Invention Disclosures

Innovations are continually and systematically identified at the
Institut Pasteur and 74 Invention Disclosures were filed in 2007.
In close cooperation with business development managers
from the ten research departments, the Institut Pasteur patent
portfolio is assessed on a regular basis to ensure optimum use.
On average, one in ten Invention Disclosures becomes an
extended patent that is filed within 30 months.

In 2007, the Institut Pasteur funded 11 promising Pasteurian
scientific programs to speed up the proof of concept phase
and consolidate its intellectual property rights. This funding was
particularly aimed at projects studying host response, diagnosis
of parasite and viral infections, dynamic imaging, experimental
infection models, cancers and antiviral research.

Following examination of the invention disclosures, 33 priority
patents were filed. In addition, 70 biological materials were
registered in a specialized collection for the patents.

A major factor in the defense of Institut Pasteur intellectual
property concerns the opposition procedures filed by the Institut
Pasteur, or by a third party against the Institut Pasteur, to the
European Patent Organization or in the United States. These
procedures involved 30 files at the end of 2007.

Partnerships

At December 31, 2007, the Institut Pasteur patent portfolio
comprised 485 priority patents corresponding to 3,881 patents
and current patent applications. The Institut Pasteur owns
1,457 biological materials for industrial application, including
70 registered in 2007, and just over 40 research contracts
established between the Institut Pasteur and external partners
(including 24 new ones signed in 2007) have generated €3.4 M
in revenue. Moreover, around 20 consulting agreements demon-
strate the interest of our industrial partners in using Pasteurian
researchers’ knowledge to improve the effectiveness of their
research and development projects. Sixteen new license
agreements were signed in 2007.

2007 was marked by the signing of a collaboration
agreement with Sanofi Pasteur — the vaccine division of the
Sanofi-Aventis Group — to develop a vaccine against malaria.
The Institut Pasteur has discovered promising antigens
of Plasmodium Falciparum, the parasite responsible for fatal
forms of malaria. This partnership with Sanofi Pasteur will
increase the chances of achieving their joint goal — a vaccine
against this modern-day plague.

The partnership between EDF and the Institut Pasteur is also
continuing.

Finally, 2007 brought six new projects, which could give rise
to new companies. Within its start-up support activity, the Institut
Pasteur helped to find substantial funding (in the range of €2 M)
for a new company, TheraVectys. 2007 also enabled work on
a project to set up a fund for financing the proof of concept
for research conducted by Pasteurian laboratories.

Finally, two general cooperation agreements relating to start-
ups were signed by the Institut Pasteur, one with the university
of Paris 5 and the other with a major Japanese firm, Itochu.

The first agreement aims to train interested Pasteurian
scientists in business development through a university diploma,
and the second one will focus on commercial outlets in Japan
for start-ups created by the Institut Pasteur.

69



Medical research must
comply with a number
of constantly evolving
regulations.
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Clinical
research and
public health

Clinical research is closely linked
to fundamental research, providing
the general public and healthcare
authorities with new tools for
diagnosis, surveillance, prevention
and treatment. The Institut Pasteur
also provides public healthcare
services, including medical tests,
out-patients visits with specialists
and international vaccinations.
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The Institut Pasteur Medical Center (CMIP)
The CMIP has been part of the Necker-Pasteur Center for
Infectious Diseases since 2005 through an agreement with
Necker Hospital. The CMIP has adapted to the requirements
of the new French social security legislation, which lays down
a specific healthcare path. It has continued its work in the public
health sector, carrying out 85,308 vaccinations and 24,660
consultations with specialists, mainly in the field of infectious
diseases, and more than 2,000 consultations with anti-rabies
specialists. There were also more than 9,000 clinical biology
laboratory tests, and an interactive voice server provides
travelers with specific advice relating to their destination.

2007 witnessed increased activity in the field of HIV infection
and work in this area will be developed further. Therefore,
the Medical Center continues to collaborate with campus
researchers on clinical research projects. For example,
in 2007, six collaborative projects focused on very different
themes, including HIV, travel medicine, rabies and allergology.

Clinical research

Clinical research must comply with a number of constantly
evolving regulations. This is the responsibility of the Clinical
Research Committee which, since it was set up in 2003, has
examined 196 requests and approved the Institut Pasteur’s role
as sponsor for approximately a third of them.

The methods for launching a clinical research project have been
clarified and the rules standardized to simplify procedures for
researchers. Two structures, the Vaccine and Biomedical
Research Center (CRVBm) and the Center for Clinical Investiga-
tion and Research Support (ICARe), assist researchers in setting
up their clinical research projects and, if necessary, assume

the role of investigator and/or promoter.

Vaccine Research

Some vaccines, which are directly derived from Pasteurian
research, are developed at the Institut Pasteur. To date, eight
candidate vaccines are in the preclinical or clinical phases

of development. They mainly include vaccines against
“neglected” diseases (bacillary dysentery, or shigellosis, and
malaria) but also HIV infection, anthrax and cancer.

Encouraging the involvement of Institut Pasteur
teams in medical projects

The aim is to encourage research into some major pathologies,
including upstream research activities. Particular efforts are
being made in the area of infections contracted in the hospital
environment (nosocomial infections), which are a major public
health concern. These infections thrive on the fragile state

of patients, who may become infected by infectious agents
from the environment or their own commensal flora. Preven-
tive action currently includes hygiene measures and rational
use of antibiotics.

However, these methods are limited, and a better knowledge
of the pathogenic mechanisms and microbial populations
responsible will enable them to be improved, aiding prevention.

To enable Pasteurian researchers to get involved in this work,
a partnership has been set up with the Paris Public Hospital
Network (Assistance Publique-Hopitaux de Paris).

The aim of this partnership is to encourage research projects
involving networks comprising hospital staff (infectious disease
specialists and microbiologists) and one or more Pasteurian
researchers. This program promotes research into all aspects
of nosocomial diseases, including population genetics, epidemi-
ology and resistance to anti-infectious agents.
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National
Reference
Centers

and WHO
Collaboratmg
Centers

National Reference Centers (CNRs)
act as microbiological observatories !
for communicable diseases and :
play an important role in the Institut
Pasteur’s public health activities.
They are partners of the French :
General Directorate of Health (DGS)
and National Institute for Health i
Monitoring (INVS). Twenty-two Institut
Pasteur laboratories were appointed !
by the French Ministry of Health :
(2006-2010 term) for four years as
CNRs (20) or associated labora-
tories (2). World Health Organization :
Collaborating Centers (WHOCCs)
play a similar role for the World
Health Organization as part of

an international network of expert
laboratories. There are seven
WHOCCs at the Institut Pasteur.
CNRs and WHOCCs benefit from
the scientific environment of the
units within which they are based
and of Institut Pasteur structures .
to carry out their reference activities
and to develop new technologies
for surveillance and molecular
epidemiology.
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01. Shigella.
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A few significant events in 2007

Listeria CNR and WHOCC for Food-Borne Listeriosis

A 10% increase was observed in the number of human cases

of listeriosis in 2007. Aimost all of these cases were in individuals
over 60 with or without risk factors.

This trend, which was also observed in several other European
countries, demonstrates the importance of maintaining and
reinforcing the monitoring system, whose efficacy is recognized
internationally. Together with the French National Institute for
Health Monitoring (INVS), the Listeria CNR has heightened aware-
ness among the French Ministries of Health, Agriculture and

the Economy, and the French Food Safety Agency (AFSSA),
European Food Safety Authority (EFSA), European Center

for Disease Prevention and Control (ECDC) and the WHO as

to the need to investigate the causes of this rise.

In 2007, the Mycology and Antifungals CNR continued to
develop tools for the identification and molecular typing of fungi.
It also pursued its invasive mycoses monitoring.

These tools highlighted the following:

> the existence of a Candida tropicalis clone resistant to
5-fluorocytosine. This clone, detected in the Paris area, is
responsible for fungemia in patients suffering from hematological
malignancies. It is not associated with increased virulence and
seems to be gradually disappearing;

> the genetic relationship between yeast strains present in renal
graft preservation fluids and those responsible for infection at the
graft site.

These observations have led to the French Biomedical Agency
launching a national program to monitor fungal contaminations dur-
ing the removal of subdiaphragmatic organs for transplant purposes.

Finally, analysis of a multi-center prospective study on patients
suffering from cryptococcosis in France has enabled researchers
to establish new severity criteria associated with early mycological
treatment failure and/or patient deaths. In particular, induction
treatment associating amphotericin B and 5-fluorocytosine should
be prescribed when a high fungal load is detected following
staging (which should be systematic).

In 2007, the Antibiotics CNR mainly focused on resistance
to fluoroquinolones and aminoglycosides. A new mechanism
of plasmid-mediated low-level resistance to fluoroquinolones
(particularly norfloxacin and ciprofloxacin) — the quinolone efflux
pump — was discovered in the laboratory. Regarding resistance
to aminoglycosides, research into the armA, rmtA and rmtB
genes, which confer high-level resistance (methylation of 16S
rRNA), has been conducted on over 15,000 enterobacteria strains
of clinical origin, isolated between 2000 and 2005.
The dissemination of these genes is associated with that
of enlarged-spectrum B-lactamases, primarily of CTX-M-3 type.
The three associated laboratories have focused their work
on the following aspects:
> research into glycopeptide-resistant enterococci (GRE) by
identifying and characterizing resistance of 165 GRE strains. 2007
was particularly marked by the persistence of VanA E. faecium
epidemics in several hospitals in Lorraine, and the occurrence
of several small VanB E. faecium epidemics, which until then had
been rare.
The clones differed according to the sites:
> research into resistance in the intestinal and nasal flora
(nasal Staphylococcus colonization in hospitalized in-patients)
of individuals in the community;
> assessment of the prevalence of enlarged-spectrum B-lacta-
mases (ESBLs) and carbapenemases in Pseudomonas aerugi-
nosa. Eighty-five National Observatory of Bacterial Resistance
Epidemiology (ONERBA) affiliated institutions (including >>
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National Reference Centers
and WHO Collaborating Centers

21 teaching hospitals) took part in the study for a total

of 58,000 hospital beds.

One hundred and forty-three strains out of 2,205 (6.5%) were
identified as being resistant to ceftazidime. Genotyping of
strains producing ESBLs shows clonal diversity. The production
of transferable ESBLs or carbapenemases therefore remains
rare (< 1% of all strains) in France, unlike in neighboring countries
(Spain, ltaly).

Leptospira CNR and WHOCC for the Epidemiology

of Leptospirosis

2007 was marked by a sharp rise in leptospirosis in France with
a total of 692 cases. This figure, the highest since 1999, is linked
to a major increase in mainland France (327 cases compared
with 192 in 2006). Incidence in France was 0.53/100,000 inhab-
itants, which represents the highest incidence recorded since
2002. This increase occurred during the summer-autumn period.
The high rainfall in the summer of 2007 helped to disseminate
leptospira and thus increased human contamination.

For French overseas territories, the number of cases (365)

is stable in relation to previous years but there are, however,
variations and New Caledonia and French Polynesia have one
of the highest incidences in the world (23/100,000 compared
with 10 to 13/100,000 for other overseas territories).

Genotyping of Pathogens and Public Health Platform

In 2007, the Genotyping of Pathogens and Public Health Platform
launched the MLVA-NET system (www.pasteur.fr/miva), an
international database for the monitoring and epidemiology of
pathogenic microorganisms. MLVA-NET provides a common
language for strain genotyping and is already used by microbi-
ologist networks (e.g. for Salmonella ser. typhimurium, Escherichia
coli, Shigella or Listeria monocytogenes). The Escherichia coli
and Shigella CNR was involved in detecting and investigating

a Shigella sonnei shigellosis epidemic in Jewish schools

and day-care centers in the lle de France region (83 isolates
received). The strains were multiresistant to antibiotics.

In addition to known resistance to amoxicillin and cotrimoxazole,
the strains had acquired resistance to azithromycin, the antibiotic
recommended by the health authorities. The CNR helped

to analyze the mechanism of resistance to azithromycin.

In 2007 the Rabies CNR received and analyzed 1,154 animal
samples linked to suspected transmission of animal rabies to
humans. Two of these samples tested positive in the laboratory.
The first came from a bat and typing of the virus identified

a virus that is mainly isolated in French cases of rabies in
insect-eating bats. The second sample came from a domestic
cat. Genetic analysis of the viral strain identified a genotype

5 lyssavirus corresponding to the second virus subtype found

in bats in mainland France. This was the first case of chiroptera
rabies identified in a domestic carnivore in Europe. A health

alert was triggered in the area where the animal lived and local
preventive measures were implemented. The various people

that came into contact with the cat were also monitored.

At the same time, twenty suspected cases of human rabies in
patients presenting with signs of encephalitis of unknown etiology
were analyzed and all were negative. Finally, a surveillance audit
conducted by the French Committee for Accreditation (COFRAC)
enabled the CNRR to maintain its accreditation (ISO 17025) for
detecting the rabies antigen using direct immunofluorescence on
hippocampus, bulb or cortex impression smears, and isolating
the virus through cell culture on murine neuroblastoma.
Prevention of human rabies in France has therefore become
more complex due to new epidemiological developments and
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the risk of infected humans and/or animals importing the disease
into the country. All public health players are therefore required
to undergo training and carefully monitor the situation.

Vibrios and Cholera CNR

Four cases of cholera were imported into mainland France in
2007 by individuals who had traveled to India. All these cases
were due to Vibrio cholerae serogroup O1. Determination

of the antibiotic resistance profile of the strains showed reduced
sensitivity to fluoroquinolones, the last family of antibiotics for
which no resistance had been described up until recent years
(except in India and Bangladesh).

Their arrival in Europe was foreseeable and the circulation

of these strains must be highlighted as it can have an impact
on treatment of imported cases.

In 2007 the Rabies CNR
received and analyzed 1,154
animal samples linked to
suspected transmission of
animal rabies to humans.
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Chemoresistance

of Malaria CNR in the
Antilles-Guiana region

In Guiana, three species of
Plasmodium are responsible
for cases of malaria in humans,
P. falciparum (Pf), P. vivax (Pv)
and P. malariae (Pm).

Areas of malaria transmission
are mainly located along

the rivers where there is high
human activity due to gold
washing. 2007 marked a sharp
fall (approximately 35%) in the
number of malaria attacks

in Guiana, particularly for

P. falciparum (with 803 cases
declared in 2007 against 1,820
in 2006). This trend confirms
the fall in cases of Pf and the

rise in the number of cases
of Pv, observed since 2004.
A fallin cases of malaria

has also been witnessed in
Suriname since 2004.

The chemoresistance of
samples of Pf received by the
CNRCP is assessed for eight
molecules (chloroquine,
quinine, mefloquine, halofan-
trine, doxycycline, artemether,
atovaquone and lumefantrine).
Following a period of decline
between 2002 and 2005,

the average 1C50 for meflo-
quine has risen since 2005
with close to 22% resistant
isolates. There were also two
cases of in vitro chemoresist-
ance to atovaguone in 2007.
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Future

Develop technological facilities.
Consolidate se%uencing and genotyping
equipment at the Pasteur Genopole
[le-de-France. Increase imaging

and IT equipment for the Imagopole.
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A new research center
for emerging diseases
(Integrative Biology

of Emerging Diseases)
The Institut Pasteur is setting
up a new research center

for emerging diseases on its
Paris campus. Its purpose will
be to consolidate expertise
and create multidisciplinary
teams featuring cell, molecular
and structural biology special-
ists to implement experimental
and in silico (modeling and bio-
informatics) approaches and
provide teams with the most
advanced technologies.

The new building, covering

a surface area of 16,000 m2,
will house around 400
scientists, engineers and
technicians.

Work will begin in 2008 and

the opening is planned for 2011.
Its fields of research will
mainly include the emergence
of new diseases, such as

the threat of an avian influenza
pandemic and diseases trans-
mitted by mosquitoes, i.e.
dengue and chikungunya;
resistance to anti-infectious
agents; cancers, particularly
those of infectious origin

such as gastric, liver and
cervical cancers; and also
diseases linked to aging

of the population.
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Clinical research

Develop research into
microbiological diagnoses
in response to the
demands of clinicians
and health authorities.
Develop a partnership
with the Paris Public
Hospital Network
(AP-HP). Optimize
structures supporting

clinical research,

particularly concerning
candidate vaccines
(synthetic vaccines)

and physiopathological
research projects.

Set up new research
entities

Research units focusing

on microbiology and
neuroscience. Create
research groups headed up
by young scientists and
recruit young researchers.

Assistance with the
setting up of companies
Creation of an investment
fund to assist with the setting
up of companies arising from
Institut Pasteur research work.

Reinforced collaboration
with universities

Projects with the universities
of Paris 5, 6 and 7 to develop
a course for foreign PhD
students at the Institut Pasteur
with a diploma awarded jointly
by the university and the
Institut Pasteur.
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Future

At the end of 2006,

the Institut Pasteur
launched a 20-year
prospective study. In
addition to the scientific
forecasting initiative
conducted with the
departments, this study
looked into the different
possibilities for the
Institut Pasteur in the
future with the aim of
guaranteeing it a strong,
renowned and coherent
status over time.

On the initiative of the Board of
Directors, a prospective study
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A long-term
prospective study

was launched in late 2006 to
examine the challenges and
opportunities that the Institut
Pasteur could be faced with
over the next twenty years.

In what ways can we enable
the Institut Pasteur to conduct
its future work in the best
possible conditions? In addition
to the five-year scientific
forecasting initiative already
conducted with the research
departments, this study began
in January 2007 and was com-
pleted in early 2008 with a
report. The renowned prospec-
tivist Jacques Lesourne led this
study and he was assisted by

Ambitious
building
program

four people, including two
from the Institut Pasteur.

This team conducted various
interviews with Executive
Board members, department
heads, Pasteurians and
many people outside the
Institut Pasteur.

Two working groups
were created.

> The first one focused

on the strategic resources
required by the Institut
Pasteur, both in terms of
equipment and exchanges
with other scientific fields.
Its role was to answer

the following questions: Which
areas of expertise should the
Institut Pasteur have access to
in the medium and long term?
What will the synergies

of tomorrow be between
disciplines? What substantial
(individual or shared) equip-
ment will be needed?

What conditions are required
to attract the best possible
researchers at international
level? What will be the distribu-
tion of French and foreign
researchers? What are the
prospects in terms of financial
resources and how can more
funds be raised?
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By 2030, we need to assess the
developments expected in national
and international research and
decide how to increase performance
in a rapidly evolving world.

> The second group analyzed
international trends and the
situation of biological research
by examining organization
and business development
models, and competition

and cooperation issues, etc.
It set out the long-term
options for the Institut Pasteur
and provided answers,
guidance or alternatives

to the following questions:
Should the Institut Pasteur
extend relations with the
outside world? Regarding
future European and interna-
tional collaborations, what
areas and conditions will they
involve? What are the best
long-term organizational
models for the Institut Pasteur?
How can freedom be com-
bined with overall coherence?

Industrial application
is vital for promoting
discoveries and funding
research. What role will
the Institut Pasteur play on
the global stage? What will
be the consequences, ad-
vantages and disadvantages
of increased partnerships?
How should it position itself
abroad?

Within the context of this
working group, visits
were made to research
centers abroad:
Karolinska Institutet in Stock-
holm, Rockefeller University
in New York, EMBL in Heidel-
berg, Institute of Cancer
Research in London, London
Research Institute and the
Weizmann Institute in Tel Aviv.

A Committee for Prospective
Orientation was appointed

to oversee and assess the
procedure. This group was
chaired by Edouard Brézin, the
former president of the French
Academy of Sciences.

The Council of Department
Heads and the Pasteur
Scientific Advisory Board
were also consulted. The role
of this board, which compris-
es leading international fig-
ures, is to provide the Presi-
dent with an outsider’s and
independent view of the
Institut Pasteur’s strategic
and scientific policy.

It put forward an opinion on
the prospective report, which
was submitted to it at the end
of the procedure.

Following this assessment
period, which is just the first
stage in the process, the aim is to
prepare the Institut Pasteur for
predicted developments. And it
is now up to Pasteurians to set
out strategic policies and define a
project to be launched and
adapted over time. Eight essen-
tial short-term initiatives, the ma-
jority of which had already been
launched, were clarified by the
prospective committee and re-
sulted in specific working groups.
They concern reinforcing
support for teams working on
public research contracts,
developing relations with the in-
dustrial world, harmonizing and
consolidating medical

activities and public health,
implementing forward-looking
and individualized management
of research staff careers, intro-
ducing forward-looking manage-
ment for unit development, de-
veloping donations, legacies and
fundraising, studying the eco-
nomic and financial development
of the Institut Pasteur over the
2008-2015 period, and finally
representing and involving

the Institut Pasteur in decision
making as regards research and
innovation for life sciences.
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382 students
of 45 nationalities

250 young
researchers
studying for a PhD

8 lectures
focusing on Science
Mysteries

42 lectures

in connection with
the French Open
University network

9,260 visitors
to the Pasteur
museum

19 lectures
on the Mr Pasteur’s
Way theme
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Communicate and Exchange

Teaching
and training

The 23 courses proposed in 2007
and based on themes chosen

for their usefulness to public health
or on conceptual or technological
advances in a given field are
designed for graduates from univer-
sities, French teaching hospitals
(CHUs) and French grandes ecoles,
and also for foreign researchers
and students with the equivalent
level of study. The courses, which
last from 1 to 16 weeks, include
both theory and practical teaching
for 8 to 32 students. Scientists
come from all over the world

to give lectures. Seminars are run
by the students themselves under
the supervision of Institut Pasteur
researchers.




Pasteurian School of Infectiology
New courses are introduced regularly and the techniques
taught and equipment used are those that the researchers have
recourse to in the laboratory — this is what makes our courses
S0 unique. In 2007-2008, two new courses were set up within
the context of the Pasteurian School of Infectiology (EPI).

The first one — “Monitoring, early warning and investigation
of epidemics” — focuses on the current means of organizing and
implementing national and international epidemiological monitor-
ing. The second one — “Vaccinology” — is taught in English and
calls on a body of international specialists to present the different
fields making up this new discipline (from immunology of the

vaccine response to assessment of national vaccination programs).

A dynamic structure
devoted to high-quality
teaching.

F
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Institut Pasteur courses included

on university Masters curricula

Among the 23 Institut Pasteur courses, 11 are accredited

as teaching modules for the second year syllabus of the Research
Masters which is available at various universities in the Paris area;
this concerns 224 out of a total of 382 students. Each year, around
60 second year Masters students carry out their research training
at the Institut Pasteur’s research units. The Institut Pasteur also
welcomes around 250 PhD students for a minimum of three years,
offering a tutoring system.

Validation of Institut Pasteur courses: university
qualifications and doctoral school modules

As well as their contribution to Masters programs, Institut Pasteur
courses are recognized as university qualifications at Pierre & Marie
Curie (Paris 6) and Denis-Diderot (Paris 7) universities. Moreover,
PhD students at doctoral schools in the Paris area may take
lectures from courses arranged specially for them in specific
modules. In 2007, these modular courses attracted 151 PhD
students from 11 doctoral schools.

Creation of an Institut Pasteur and Conservatoire
National des Arts et Métiers (CNAM) School of Public
Health

The Pasteur/CNAM School of Public Health will welcome its first
Public Health Masters students in October 2008 (www.pasteur-
cnam.fr). The coordinators will be Arnaud Fontanet (Head of the
Epidemiology of Emerging Diseases Unit, Institut Pasteur)

and Jean de Kervasdoué (Professor, Chair of Economics and
Management of Health Services, CNAM).

The Institut Pasteur and the CNAM cover complementary fields.
The CNAM covers subjects such as health system management,
health economics and health law, and the Institut Pasteur offers
multidisciplinary teaching on infectiology, centered on public health,
an extension of the Pasteur School of Infectiology (EPI), which was
set up in 2003.

The Pasteur/CNAM School of Public Health will provide training
for engineers and researchers with a general knowledge of all areas
of public health and a specialization in fields such as quantitative
methods, infectious risks, non-infectious risks and social sciences.
This school also provides new opportunities for the International
Network of Instituts Pasteur and National Reference Centers by
consolidating the Institut Pasteur’s culture of public healthcare and
expertise in the area of epidemiology.

New teaching premises

The Teaching Center moved to the Louis Martin wing of the former
Institut Pasteur hospital a few months ago having been housed

in the Yersin building for 25 years. In order to host the Teaching
Center, the Louis Martin wing was fully refurbished last year except
for its outer walls, which retain their original appearance. This new
center is particularly geared to modern practical biology teaching
as it features three rooms for practical work, which can hold up

to twenty students, and two other rooms fitted out with 12 micro-
biological safety cabinets for procedures requiring sterile drapes,
such as cell cultures. Rooms featuring video projection equipment
and computers are used for courses, lectures and teaching
requiring IT resources. By combining teaching premises and the
necessary equipment in the same building on campus, the dynamic
structure devoted to high-quality teaching has been reinforced.
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Communicate and Exchange

Communications

In 2007, the Institut Pasteur pursued
its new communications strategy,
launched in 2006, to promote its
activities and consolidate its position
as a non-profit foundation in the
philanthropic world. It was a pivotal
year as regards the setting up

of lasting partnerships, which

will be reinforced as part of the
120" anniversary in 2008.




Pasteurdon media campaign

In 2007, various different initiatives were used to reinforce
the Institut Pasteur’s position (“against the diseases of our
time”) and promote communications. Two campaigns in

particular were conducted at strategic moments during the year.

Firstly, Pasteurdon was held from May 21 to 25 in collaboration
with France’s main radio stations. This first major media event
was used to publicize the need for donations and support,
and consequently increase the potential for fundraising.

The first Pasteurdon confirmed that the radio was effective

in mobilizing people and raising funds.

All'in all, the event reached out to a wide audience and

the appeal for donations was widely publicized thanks

to the involvement of the media.

Thanks to the overall organization (radio/press relations/press
adverts/web), the objectives were reached as the campaign
raised close to €800,000. Calling on their journalists and
making use of air time, the radio stations honored their

Danone and its
consumers supporting
the Institut Pasteur in
its scientific research
In September 2007, Danone
launched a campaign to
support the Institut Pasteur
by encouraging its consumers
to actively take part in an
operation in aid of scientific
research. Over a six-month
period, Donation Coupons
were printed on Actimel
brand packaging and Danone
paid 20 euro cents to the
Institut Pasteur for each
coupon sent back.
This operation was a simple
and effective means of raising
public awareness of the need
o A s . for private donations to

Institut Pasteur Annual Report 2007

Radios : 8 - Microbes : O

—
i
ru:l-uﬂ'E"'::i

guarantee Pasteurian research.

commitments and provided us with valuable support. The Insti-
tut Pasteur also received the support of the press in general with

free advertisements and numerous mentions, and the assistance
of partner companies, which communicated the information, and
effective patrons such as the well-known writer Marc Levy.

This first Pasteurdon would not have been possible without the
enthusiastic researchers who also took part in the event. The second
Pasteurdon will take place from September 20 to 27, 2008.

The second operation was slightly smaller and involved the re-
showing of the November 2006 communications campaign on
French TV. Mainly run on cable channels and in the written press,
it focused on holidays abroad. In addition, the 2007 campaign
included a survey on “the health of French people on holiday” in
collaboration with a renowned institute. These two initiatives large-
ly boosted fundraising, which increased by 25% in a year.

Regarding external communications tools, 2007 was marked
by the launch of the Pasteur le Mag’ magazine, targeting those
interested in science and medicine. This new magazine immedi-
ately found a readership and met a demand for quality informa-
tion. The Institut Pasteur also launched the new version of its
website in 2007.

It has been fully updated in terms of user-friendliness, design
and organization. 500,000 visitors currently consult 2.3 million
pages per month.

Other events in 2007

Finally, the Institut Pasteur continued to promote the work

of its researchers by informing the public of articles published

in scientific journals. Thirty-four press releases were issued,
giving rise to 450 articles and over 1,000 mentions of the Institut
Pasteur in the French media.

Again aimed at the general public, the eight Science Mysteries
lectures held on the campus drew much interest. Nineteen
themed Mr Pasteur’s Way lectures were given, along with six
external lectures. The lecture cycle, organized by Prof. Maxime
Schwartz, former President, and Prof. Frangois Rodhain,
attracted close to 3,000 people. As part of the 120th anniver-
sary celebrations in 2008, this cycle will be supplemented
by lectures given by numerous Institut Pasteur scientists.

The Institut Pasteur organized 31 scientific events and hosted
48 conferences and external events in its auditorium.

The museum in Paris received 9,260 visitors, and ten traveling
exhibitions and loans of collections helped to further promote
the Institut Pasteur and its history.

Regarding internal communications, the intranet designed
for Pasteurians was updated to provide a permanent reference
on all subjects specific to the Institut Pasteur. In addition, 2007
was marked by three meetings that brought together all Institut
Pasteur staff.

01. Frédéric Tangy, Head of the
Viral Genomics and Vaccination
Laboratory, answers Guillaume
Cahour’s questions in the RMC
studios.

02. Institut Pasteur website.
03. Pasteurdon, May 21-25, 2007.
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