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Introduction to Incentive Programs at 
the Institut Pasteur 
Founded in 1887 and based in Paris, France , the Institut Pasteur is a private , non -profit 
foundation with four missions of public interest : research , public health , education , and the 
identification of research applications. 

 
Today , the Institut Pasteur is connected worldwide through the Pasteur Network (PN), a global 
research community of more than 30 members located in 25 countries across 5 continents . PN 
represents a unique asset in the world for interdisciplinary biomedical research and education. 

 
Within its Scientific Division , Institut Pasteur dedicated a whole department to implement the 
key ambitions of its strategic plan : the Scientific Programming and Incentive Actions 
Department (SPAIS). The SPAIS oversees an ecosystem of "Incentive Actions ", which are tools 
for steering and deploying Institut Pasteur's scientific vision. Internal calls for projects are launched 
every year, with the aim of selecting - thanks to evaluation and selection committees made up of 
international experts - projects of excellence, emblematic of Pasteurian research. 

 
With their cutting -edge approaches, these rigorously selected multi /interdisciplinary projects 
constitute a solid portfolio of innovations and skills, with multiple objectives for Institut Pasteur: 

 
• To develop transversality between the different research entities of the Institut 

Pasteur in Paris and within the Pasteur Network. 
• To match recent societal challenges by encouraging multidisciplinary 

research between the Campus teams 
• To contribute to major advances in knowledge and public health issues. 

The SPAIS aims to build a robust portfolio of multi -/interdisciplinary and innovative research 
projects, and to make them attractive for further development by partners/funders (public, private, 
industrial, or philanthropic). 

 
The SPAIS closely collaborates with other administrative and technical support departments in 
managing various Incentive Programs, including focused ones aimed at strengthening 
collaboration between Pasteur Network teams: ACIP (Inter-Pasteurian Concerted Actions ), and 
PTR (Transversal Research Programs). 

 
• ACIP calls aim to support research projects focused on a public health topic with funding of 
up to €50,000 for a maximum period of 2 years. 

 
• PTR calls aim to initiate exploratory research projects that are ambitious, innovative, and 
interdisciplinary with funding of up to €250,000 for a maximum period of 24 months. 

 
These two annual calls for proposals follow a well-defined process, from project submission to 
selection. 

 
Submissions are made online through a dedicated platform that establishes a direct link between 
scientists from the Institut Pasteur and PN, and the SPAIS. Projects are evaluated by international 
peer reviewers before being selected for funding by a selection committee. 

 
This book focuses on the ACIPs, and PTRs selected by the Institut Pasteur: 

 
• The projects selected in the last past call (2023-2024) 

 
• In the second part, short summaries of previously funded projects since 2014 in Annexes 

Number of Pasteur Network institutes across 
the 5 continents, including Institut Pasteur Paris,  
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INSTITUTES
Number of Pasteur Network institutes across  
the 5 continents, including Institut Pasteur Paris, 
involved in PTRs and ACIPs since 2019.29 

Number of PTR projects

funded since 2019 
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Number of collaborations for 
ACIPs and PTRs since 2019
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ACIP funding
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Keywords: Aspergillus fumigatus, antifungal, antifungal resistance, AMR, genetic 
diseases, invasive fungal, disease, treatment 
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the underlying pathophysiological mechanisms 
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 1 INCENTIVE RESEARCH PROGRAMS - SPAIS 

First investigation of Leptospira immunopeptidome 
associated with dendritic cells presentation: towards a 
cross-protective sterilizing vaccine against leptospirosis 
Project ACIP n° 623- 2023 LEPTIDOME 

 
 

 

SCIENTIFIC COORDINATOR 
Dr. Julie CAGLIERO, Leptospirosis Research and Expertise unit,  
Institut Pasteur Noumea, New Caledonia 
 
PASTEUR NETWORK COLLABORATORS 
Dr Catherine WERTS – Institut Pasteur Paris, France 
Dr Rosario DURAN- Institut Pasteur Montevideo, Uruguay 
Dr. Alejandro BUSCHIAZZO- Institut Pasteur Montevideo, Uruguay 

 

 

 
 

PROJECT SUMMARY 
 
 
 

 
` 

KEYWORDS 
Zoonosis, Leptospirosis, bacteria, immunity, immunopeptidome, dendritic cell (DCs), vaccine, 
lipopolysaccharide (LPS), immunopeptidomics, One Health, CD4+, immune answer, protein design, 
mass spectrometry, recombinant protein 
 
 
 
 
 
 

WHAT ARE THE ANTIGENS ALLOWING MORE EFFECTIVE VACCINATION 
IN THE LEPTOSPIRA IMMUNOPEPTIDOME ?

IMMUNOPEPTIDOME
Immunopurification of L. 

interrogans’ antigens exposed on 
human and mouse DCs

CHIMERIC PROTEINS DESIGN
Structure prediction of potential 

vaccine candidates

§ Novel technological cutting-edge approach against pathogenic Leptospira

§ First leptospiral immunopeptidome library

§ Novel potential candidates for efficient vaccination against pathogenic Leptospira
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DCs & CD4+ T cells COCULTURE
Selection of the L. interrogans

mutant that induces the strongest
CD4+ T cell response

LEPTOSPIROSIS BURDEN SUBOPTIMAL EFFICACY 
OF VACCINES POORLY KNOWN IMMUNE RESPONSE   

Worldwide bacterial zoonosis
(Leptospira interrogans) 

Rodent are 
the main
reservoir

1M severe cases 
per year worldwide 

(kidney complications, 
hemorrhagic 
syndrome…)

?
DCs

Activation

L. interrogans
encounters

dendritic cells (DCs)

Unknown L. interrogans’ 
antigens presented to

CD4+ T cells

CD4+• based on killed bacteria

• Short-lasting protection

• Restricted numbers of  
targeted serovars

MASS SPECTROMETRY
Recovering of L. interrogans’ 

antigens and identification

Antibody 
production

Immune 
memory

CD4+

DCs INFECTION
with the selected L. interrogans

mutant
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THE LEPTOSPIROSIS 
Leptospirosis is a worldwide bacterial disease that affects both humans and 
animals, particularly in tropical areas. It is caused by bacteria of the genus 
Leptospira. Rodents, especially rats, are the main reservoirs. They excrete 
the bacteria in their urine. The incubation period is generally between 4 and 
14 days for humans. Symptoms of leptospirosis are highly variable, ranging 
from mild flu-like symptoms to serious complications: kidney failure, 
hemorrhagic syndrome, neurological disorders and even death. This wide 
range of symptoms complicate the diagnosis. However, rapid diagnosis is 
crucial to initiate treatment, as only early administration of appropriate 
antibiotics can effectively treat the disease but may fail to eradicate renal 
colonization. 
 
LIMITED VACCINAL SOLUTION  
Vaccines against human leptospirosis are approved in very few countries, 
with suboptimal efficacy: based on killed bacteria, the triggered humoral 
response is mainly directed against the bacterial lipopolysaccharide (LPS), 
ultimately resulting in limited protection, and only restricted to the vaccine 
serovars from among the >300 serovars reported so far. In this context, a 
cross-protective, sterilizing, and safe vaccine against leptospirosis is 
therefore urgently needed. 
 

THE PROJECT 
It remains unknown how Leptospira-exposed immune Dendritic Cells (DCs) 
activate T-cell (lymphocyte). Indeed, the identity of the leptospiral peptides 
presented to lymphocytes remains unknown. Interestingly, innovative 
concepts in the field of next-generation vaccinology are based on mass 
spectrometry (MS) and structural biology. Identifying the different antigens 
presented at the dendritic cell surface (the immunopeptidome) is now 
feasible using Mass spectrometry. The goal of this ACIP is to implement, 
for the first time, the MS-based investigation of the Leptospira 
immunopeptidome. The consortium will then design vaccine candidates in 
silico, as a first step towards the development of a universal and sterilizing 
vaccine against Leptospira infection. 

Leptospirosis causes 
1 million severe cases and 
over 60,000 deaths 
worldwide each year 

Leptospirosis lethality is 
estimated at 10% of cases 
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Strategy for genomic surveillance of 
pathogens in wastewater 
 
Project ACIP n° 648- 2023 CLIMPATHIC 

 
 

 

SCIENTIFIC COORDINATOR 
Dr. Laura VAN POELVOORDE, Transversal activities in Applied Genomics 
- Sciensano, Brussels, Belgium 

PASTEUR NETWORK COLLABORATORS 
Dr. Myrielle DUPONT-ROUZEYROL, Unité de Recherche et d'Expertise 
Dengue et Arboviroses - Institut Pasteur de Nouvelle-Calédonie, Noumea, 
New Caledonia 

 
Dr. Erik KARLSSON MATSUI, Virology Unit - Institut Pasteur du Cambodge, 
Phnom Penh, Cambodia 

 

 
 

PROJECT SUMMARY 
 

 
 

KEYWORDS 
Norovirus, Dengue, Diarrheal diseases, One Health, Wastewater, Metagenomics, Virus, Fecal-Oral 
Transmission route, Gastroenteritis, Climate change, Endemic, Emerging Diseases, Reemerging 
diseases, Pandemic preparedness, Surveillance 
 
 
 
  

HOW TO INCREASE PREPAREDNESS FOR (RE)-EMERGING DISEASES WITH WASTEWATER SUVEILLANCE ?

ON THE FIELD 
EXPERIMENTATION
Wastewater collection

DEVELOPMENT OF
ANALYSIS PROTOCOL

PCR based methods combined with 
metagenomics and bioinformatic analysis

SKILL &TECHNOLOGY 
TRANSFER

Meetings, training courses, 
workshops

§ Scientific benefits: better understanding of pathogens, increased detection, surveillance and preparedness for emerging diseases

§ Economic benefits: improved efficiency of public health monitoring, reduced economic and social costs of outbreaks

§ Social benefits: vulnerable populations protection, increased awareness of the pathogen surveillance in environmental samples

KE
YS

 O
F 

C
O

N
TE

XT
Q

U
ES

TI
O

N
M

ET
H

O
D

S
BE

N
EF

IT
S

PATHOGENS 
SELECTION

Review of the literature to select pathogens 
in the context of climate change depending 

on available metagenomic data

WASTEWATER PATHOGENS
Study Cases

CLIMATE CHANGE AND 
(RE) EMERGING DISEASES

NEW TECHNOLOGIES AND WASTEWATER 
SURVEILLANCE SUCCESS

NOROVIRUS
685M yearly 

cases

Number of yearly death

tripled between 2021 

and 2022

DENGUE
2,8M cases 

(2022 Worldwide)

Responsible of 50,000 

child deaths worldwide

• >200 infectious  diseases aggravated

• Novel interactions between species

• Brings people closer to reservoir organisms

Ø SARS-CoV-2

Ø Polio

Ø Non-Polio enteroviruses
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CLIMATE CHANGE AND (RE)-EMERGENCES 
Climate change, with its rising temperatures and shifting precipitation 
patterns, has a profound impact on the distribution and transmission of 
pathogens, which poses a significant threat to public health. Furthermore, 
warmer and wetter conditions and more extreme weather variations 
resulting from climate change provide ideal conditions for the growth and 
spread of foodborne pathogens like norovirus, Salmonella, and 
Campylobacter. 
 
(RE)-ERMERGENCES AND MONITORING PUBLIC HEALTH 
An effective surveillance system using methods combining PCR, targeted 
next-generation sequencing and metagenomic approaches is essential to 
control the spread of endemic pathogens, and anticipate their 
(re)emergence in populations. Wastewater monitoring has already 
successfully guided public health decisions during the COVID-19 pandemic 
or in monitoring hepatitis A and poliovirus propagations. Implementing 
similar systems for other pathogens, combined with the consideration of 
environmental changes due to climate change, is an essential approach to 
proactively responding to infectious disease threats. This global approach 
will enable us to assess rapidly epidemics and contribute to the preservation 
of public health. 
 
THE PROJECT 
The goal of this project is to develop tools for genomic surveillance of 
(endemic, (re)-emerging) pathogens in the context of climate change. The 
full strategy for the detection of pathogens in wastewater, will be developed 
for the norovirus and dengue as proof of concept. The norovirus is a highly 
contagious virus commonly associated with outbreaks of gastroenteritis and 
is nearly certain to be found in wastewater due to its fecal-oral transmission 
route. Dengue, on the other hand, is mentioned as important to follow in the 
context of climate change and can also be found in wastewater. This 
project’s methods and information will be useful to develop an efficient 
strategy to detect emerging pathogens as well as certain mutations that are 
for example linked to vaccine escape. 
 

The direct damage costs  of 
climate change to health is 
estimated to be between 
USD 2-4 billion/year by 
2030. (WHO) 

Wastewater surveillance 
was used in almost 55 
countries worldwide to 
analyze wastewater samples 
for SARS-CoV-2 RNA from 
more than 2,690 sites.  
(FEMS Microbes. doi: 
10.1093/femsmc/xtad003) 
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AVERT-Cam: An Early Warning System for AIV Transmission 
and Gene Flow in Cambodia 
Project ACIP n° 676- 2023 AVERT_Cam 

SCIENTIFIC COORDINATOR 
Dr. Vijay DHANASEKARAN, HKU School of Public Health - Institut 
Pasteur Hong Kong, Hong Kong 

PASTEUR NETWORK COLLABORATORS 
Dr. Erik KARLSSON - Institut Pasteur Phnom Penh, Cambodia 
Dr. Sebastian DUCHENE - Institut Pasteur Paris, France

PROJECT SUMMARY 

KEYWORDS 
Genetic epidemiology, bioinformatics, avian influenza virus, one health, zoonosis, meta-analysis, 
avian, bird, poultry, genomics, review, AIV, H5N1, phylodynamic, surveillance, poultry, transmission, 
maintenance, emerging disease 

WHAT FACTORS INFLUENCE AIV TRANSMISSION AND MAINTENANCE? 
HOW EFFECTIVE ARE CURRENT CONTROL MEASURES?

META-ANALYSIS
Systematic review of 
mitigation strategies

PHYLODYNAMICS OF 
AIV GENE FLOW

Using genomes from routine surveillance

§ Implement an AIV early warning system in Cambodia to aid outbreak response and prevention
§ Enhance understanding AIV gene flow between birds, poultry, and humans
§ Strengthen capacity, collaboration, and coordination of research data
§ Reduce zoonotic transmission risks in endemic regions to prevent emergence of AIV with pandemic potential
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GENOMIC AND SEROLOGICAL 
SURVEILLANCE DATA INTEGRATION

Within poultry, wild birds, and human cases

AVIAN INFLUENZA VIRUS (AIV) BURDEN NEED FOR ONE HEALTH APPROACH CONSORTIUM EXPERTISE UNIQUENESS

AIV puts poultry
production, human
health, and wildlife
at risk

1997: H5N1 emerged in China poultry
2003-2005: Intercontinental spread
2014-2016: H5N6 & H5N8 emerged
Since 2018: Globally widespread

2023: number of poultry killed to contain
AIV outbreaks tripled globally since
2022

15 years of research
dedicated to influenza 

WHO vaccine strain
selection participants

Data collected since 2006
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AVIAN INFLUENZA VIRUS: A SERIOUS PUBLIC HEALTH THREAT 
Avian influenza viruses (AIV) pose a serious public health threat in 
Cambodia, with highly pathogenic avian influenza (HPAI) H5N1 viruses and 
multiple subtypes of low pathogenic avian influenza (LPAI) viruses 
circulating. H5N1 infection in humans can cause severe disease and has a 
high mortality rate. Since 2005, Cambodia has reported a total of 58 human 
cases of H5N1 infection to the WHO, of which 36 were fatal (CFR: 66%). In 
February and October 2023, Cambodia reported its two first human cases 
since 2014. 
 
 
UNDETERMINED MECHANISMS OF TRANSMISSION 
AND MAINTENANCE   
Human cases of Influenza A (H5N1) infection are often associated with 
close contact with infected live or dead birds, or contaminated 
environments. To date, HPAI H5N1 viruses do not efficiently spread from 
human-to-human, and human infection is primarily associated with poultry 
contact. According to the WHO, while the virus remains endemic in poultry 
populations, further human cases can be expected. Despite ongoing 
surveillance efforts, knowledge gaps remain concerning the factors 
influencing HPAI virus transmission and maintenance, and the effectiveness 
of current control measures. 
 

THE PROJECT 
This project aims to improve our understanding of AIV transmission and 
evolution within poultry populations, as well as its potential for spillover to 
humans. The consortium will develop an early warning system for AIV in 
Cambodia. This ACIP will identify factors that influence the transmission, 
maintenance, and diversification of the virus. Moreover, the teams will focus 
on the gene flow of AIV, specifically its transmission between wild birds, 
poultry sectors, and humans. Collectively, this data will furnish tools for 
assessing the effectiveness of AIV control measures. The ultimate goal is 
to provide evidence-based recommendations for the most effective 
mitigation strategies against AIV that can be communicated to stakeholders 
in the poultry industry, public health officials, and policymakers. 
 

Since 2003, 873 human 
cases have been reported 
with 458 deaths worldwide 
(WHO). 

in 2006, $45 million in 
international aid was 
allocated to Cambodia to 
combat the major avian flu 
epidemic then underway 
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An insight on tick-borne pathobiome in Central 
African Republic, Ivory Coast and Tunisia 
Project ACIP n° 692- 2023 TicPath

SCIENTIFIC COORDINATOR 
Dr. Carine NGOAGOUNI, Medical Entomology Laboratory- Institut Pasteur 
Bangui, Central African Republic 

PASTEUR NETWORK COLLABORATORS 
Dr Youmna M'GHIRBI- Institut Pasteur Tunis, Tunisia 
Dr. Amenan Claude-Aimée DIAHA-KOUAME- Institut Pasteur Yopougon, 
Ivory Coast 
Dr. Anna-Bella FAILLOUX, Institut Pasteur Paris, France

PROJECT SUMMARY 

` 

KEYWORDS 
Tick-borne diseases, TBD, emerging diseases, vector, Vector Borne Disease, VBD, One Health, tick, 
climate, epidemiology, meta-analysis, zoonosis, Crimean-Congo hemorrhagic fever virus, CCHFV, 
orthonairovirus, preparedness, ruminants, sequencing, serology 

HOW TO IMPROVE PREPAREDNESS AGAINST TICK-BORNE VIRUSES ?

RISK ASSESSMENT AND MAPPING
One Health approache to create an 

online platform

TICK-BORNE PATHOBIOME UPGRADE
Sampling and sequencing tick from
ruminants livestock and vegetation

§ Building of an updated tick-borne diseases map
§ Reinforced surveillance and control of emergence
§ Training course: knowledges and skills transfert
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RETROSPECTIVE ON TICKS AND TBDs
DATA COLLECTIONS

Litterature review and  pathogens mapping

TICK-BORNE HUMAN DISEASES: CRIMEAN-
CONGO HAEMORRHAGIC FEVER (CCHF)

NEED FOR ONE HEALTH APPROACH CONSORTIUM EXPERTISE UNIQUENESS

Orthonairovirus (RNA virus)

Fatality rate up to 40%

Prevention: controlling tick
and animals

No vaccine available

-Already produced report on the 
topic

-Runs regular session on tick
ecology, host-pathogen
relationships, modeling riskes, 
vector control…

RUMINANTS SEROPREVALENCE
Serum sampling to evaluate the 

human contamination risks

Tick Bite

è Transmission 
routes
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THE UNPRECEDENTED SPREAD OF TICK  
In human health, ticks occupy the second position after mosquitoes and in 
animal health, the first before mosquitoes as vectors of pathogens. Many 
tick borne diseases (TBDs) are zoonotic and infection in animals is often 
asymptomatic. TBDs are recognized as a serious and growing public health 
issue and a cause of major losses in livestock worldwide. Factor such as 
human activities (deforestation, land use, habitat fragmentation, etc.), 
international movement (animal trade, refugees, travelers, etc.), migration 
of ticks bearing birds from one country to another as well as from one 
continent to another in addition to micro and macro climatic changes lead to 
a redistribution and increase of zoonotic infections, both emerging and re-
emerging worldwide. 
 
 

THE TICK-BORNE DISEASE RISK FOR HUMAN HEALTH  
Ticks are known as carriers for a wide range of pathogens, including viruses, 
bacteria, protozoa and helminths. Tick-borne diseases (TBDs)s are 
emerging and/or reemerging due to the geographical expansion of their tick 
vectors, notably in north America, Europe, Asia as well as in Japan, where 
they are responsible for majority of the vector-borne diseases (VBDs).  
Among them, Bunyaviruses are the most frightening group of emerging 
TBVs.Crimean-Congo haemorrhagic fever virus (CCHFV) is one of them 
present in Africa, Asia and Europe. CCHFV affects the nervous system with 
neurological manifestations, which precede serious hemorrhagic signs with 
high case fatality rates (up to 40%) in humans. There is a lack of vaccine as 
well as specific treatment, so it would be crucial to develop research themes 
in public health to guide preventive strategies but also those of management 
of possible epidemics of TBDs. 
  
 

THE PROJECT 
This project aims to evaluate the risk of TBDs of medical interest, with a 
special focus on the circulation of the different arboviruses, bacteria, and 
parasites associated to human health in the Central African Republic, Ivory 
Coast and Tunisia by using new high throughput approach able to identify 
a wide range of tick-borne pathogens. The consortium will take advantage 
of existing databases and collection and will update TBDs common 
knowledges on detection and ruminants sero-prevalence. The ultimate goal 
of this project is to map the tick and TBDs risk to manage better healthcare 
decisions and preparedness.  

CCHFV infection can 
occur in human by direct 
tick’s bite, contact with 
infected animal tissues or 
through nosocomial 
routes. 

According to climate 
projections, the 
distribution of ticks will 
progress northwards by 35 
to 55 km per year. 
(doi: 10.1111/j.1365-
2664.2012.02112.x) 
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Genomic epidemiology of Acinetobacter spp. 
and phylodynamics of resistance spread 
Project ACIP n° 702- 2023 ACIPhylo

SCIENTIFIC COORDINATOR 
Dr. Séverine FERDINAND, LEMic - Institut Pasteur Pointe-à-Pitre, 
Guadeloupe 

PASTEUR NETWORK COLLABORATORS 
Dr. Julien COLOT - Institut Pasteur Noumea, New-Caledonia 
Dr. Marc MONOT - Institut Pasteur Paris, France 
Dr. Eduardo ROCHAT - Institut Pasteur Paris, France

PROJECT SUMMARY 

` 

KEYWORDS 
Bacteria, Acinetobacter baumannii, multidrug resistance, One Health, Acinetobacter spp., plasmid, 
nosocomial, phylogeny, resistance gene, virulence factor, metagenomic 

DO HOSPITAL-ASSOCIATED ACINETOBACTER SPP RESISTANT STRAINS ARE ENRICHED FOR ANTIBIOTIC RESISTANCE 
GENES COMPARED TO ENVIRONMENTAL ONES?

PHYLOGENY
Detailed gene flow associated with

Antimicrobial Resistance

SEQUENCING
Creation of annotated

Acinetobacter spp genome collection

MAPPING
Local distribution and genomic

background of Acinetobacter spp.

§ Gather Pasteur Network’s complementary forces: knowledges, training…
§ New and consolidated data on Acinetobacter spp
§ Better understanding of Acinetobacter spreading ways
§ Young researchers involvement in a One Health approach project
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SAMPLING AND DETECTION
Cell culture, Mass spectrometry

and antibiogram

ACINETOBACTER SPP AND HUMAN HEALTH ACINETOBACTER SPP NATURAL RESISTANCE ACINETOBACTER SPP LACK OF DATA

§ Part of the most problematic nosocomial 
pathogens: ESKAPE list (WHO) and CDC

§ Resist desiccation and disinfectants, oxydative 
stress, environmental persistence

§ Resist last-resort antibiotics

Meningitis
Pneumonia

Urinary-tract infection

Skin/ wound infection

Bloodstream infection

§ Unexplained origins in different sites

§ No data for Guadeloupe, New Caledonia and 
hexagonal France on environmental
vs clinical phylogeny

§ Resist last-resort antibiotics ?
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ACINETOBACTER spp 
Acinetobacter spp. are gram-negative, opportunistic and nosocomial 
bacteria. Acinetobacter spp. can be isolated from various habitats such as 
soil, sediment surface or wastewater. Side to humans, Acinetobacter spp. 
have been isolated from various species, including cattle, pigs, horses, 
dogs, cats, birds and reptiles. These bacteria can cause pneumonia, sepsis, 
meningitis, mastitis, bronchopneumonia, urinary tract and wound infection... 
80% of Acinetobacter spp. human infections are caused by the solely 
Acinetobacter baumannii. Infections can be therapeutically challenging, and 
the mortality rate of Acinetobacter baumannii varies from 19% to 54% 
depending on the severity of the infection and the patient’s underlying health 
conditions:. 
 
A.BAUMANNII’s MULTIDRUG RESISTANCE AND HUMAN 
HEALTH  
The World Health Organization (WHO) declared that A. baumannii is one of 
the most serious of the “ESKAPE”1 list. Indeed, A.baumannii’s main features 
is its ability to adapt and resist to antibiotic pressures. A. baumannii has a 
huge propensity to be multidrug-resistant or extensively drug-resistant. 
Indeed, this bacteria can change up to 3% of its genome to acquire 
multidrug-resistance genes. Today, A. baumannii is resistant to most first-
line antibiotics. Early identification of patients exposed to risk factors favors 
the effectiveness of therapeutic outcome. Acinobacter spp. diversification is 
partly linked to changes in habitat. Combine with its presence in livestock, 
veterinary and human medicine, the integrated "One Health" approach, 
currently poorly documented for Acinetobacter spp. genus, could be 
particularly relevant to fight against this pathogen.  
 
1 The most common multidrug-resistant pathogens are grouped in the 
acronym “ESKAPE”: Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and Enterobacter cloacae 

THE PROJECT 
This work will provide the first data on Acinetobacter mapping in 3 French 
regions. Firstly, the consortium will sample natural and hospital areas to 
detect and sequence Acinetobacter spp. strains present in humans and the 
environment. Sequencing will enable researchers to perform comparative 
analyses to identify and annotate Acinetobacter spp’s antimicrobial 
resistance genes and virulence factors. This work will give access to a 
comparative approach to Acinetobacter spp strains, enabling an integrated 
understanding of the phylogeny of these bacteria, and hence their dynamics 
of acquisition of antibiotic resistance genes, especially in the hospital 
environment. 

A. baumannii account for 
2% of all healthcare-
associated infection in 
USA and Europe. 

45% of A. baumannii 
isolates are multi-drug 
resistant 
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Prediction of human rabies based on blood biomarkers 
Project ACIP n° 711- 2023 PrediRab 

 
 

 

SCIENTIFIC COORDINATOR 
Dr. Laurent DACHEUX, ERI – Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Hachid AISSAM – Institut Pasteur Alger, Algeria 
Dr. Edgard Valéry ADJOGOUA – Institut Pasteur Abidjan, Ivory Coast 
Dr. Perrine PARIZE– Institut Pasteur Paris, France 
Dr. Sandrine AROS – Institut Pasteur Paris, France 
Dr. Milena HASSAN – Institut Pasteur Paris, France 
Dr. Pascal CAMPAGNE – Institut Pasteur Paris, France 

 

 

 
 

PROJECT SUMMARY 
 
 
 

 
 
CSF: Cerebrospinal fluid 
 
` 

KEYWORDS 
Rabies, virus, biomarkers, emerging infectious disease, EID, proteomics, metabolomics, healthcare 
monitoring, zoonosis, POCTs, prophylaxis, immunoassay, diagnosis, mass spectrometry, biocollection, 
blood, CSF 
 
 
 
 
 
 

CAN RABIES BE DETECTED MORE EASILY?

IMMUNOLOGICAL PROFILE
Deciphering immunological proteins

signature 

OMIC ANALYSIS
Metabolomic, lipidomic:

Identify predictive biomarkers

GLOBAL BIOINFORMATICS ANALYSIS
Statistics on heterogeneous

data integration

§ Large scale evaluation of predictive or diagnostic rabies biomarkers
§ Innovation on surveillance and control of rabies
§ New approach to develop Point Of Care Tests (POCTs) dedicated to human rabies.
§ Precise data on rabies incidence
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BIOCOLLECTION CONSTITUTION
Sampling human cohorts: blood and CSF

(rabid and non-rabid and healthy volunteers)

RABIES: A MODERN THREAT RABIES: RACE AGAINST TIME UNDERESTIMATED VIRUS IMPACT 

§ 95% of cases in Africa and Asia

§ 40% of the victims are under 15 years old

§ 60 000 human deaths per year

§ 29M people receive post-exposure
prophylaxis each year worldwide

§ T0: infection (dog bites…)

§ + 2-3 months: first general symptoms

§ + 2-10 days: neurological symptoms

§ + 1-14 days : death (100% fatal rate)

Poorly
informed

Population

Unreachable
reference

center

Under-
equiped
healthcare unit

DIAGNOSIS
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RABIES: STILL A HUMAN HEALTH THREAT 
Rabies is a zoonotic, vaccine-preventabl, viral disease affecting potentially 
all mammals, including humans, in over 150 countries and territories. Once 
clinical symptoms have appeared (central nervous system infection), rabies 
is always fatal. To date, this viral disease is still responsible for an estimated 
60,000 human deaths per year: 40% of victims are children under 15 year-
old. In 99% of cases, death is due to dog-mediated rabies. Prototype of 
neglected infectious diseases, it mainly affects the poorest populations in 
rural areas of low- and middle-income countries, mainly in Asia and Africa 
(95% of the victims). However, the real burden of human rabies remains 
largely underestimated so far. 
 
AN UNDERESTIMATED PUBLIC HEALTH ISSUE 
One of the main reasons for the underestimating of the rabies burden is the 
difficulty of confirming the diagnosis. This situation is mainly due to the fact 
that populations most affected are poorly equiped and informed about the 
disease. Moreover, diagnosis relies exclusively on laboratory analysis of 
specific biological samples (saliva, skin biopsy and/or brain biopsy). As a 
result, biological diagnoses, which are all too rarely carried out, are 
generally limited to geographical areas withi central laboratories acting as 
national reference centers for rabies. This virtual centralization of cases has 
a considerable impact on the effectiveness of rabies surveillance protocols. 
Indeed, most human cases occur in rural areas, and therefore go 
undiagnosed due tolack of access to suitable laboratories and/or difficulties 
in transporting samples (delays, preservation of the cold chain, etc.). 
Numerous studies have attempted to better estimate the burden of rabies 
using indirect methods, but more and reliable direct detection and 
surveillance are necessary gor effective rabies control. 

THE PROJECT 
The aim of this project is to identify biomarkers of rabies in blood samples. 
The teams will conduct complementary omics strategies applied to 
prospective cohorts of biologically confirmed encephalitis (rabid and non-
rabid) and control patients in Algeria and Côte d'Ivoire. This project will pave 
the way for the development of new, accessible devices to efficiency guide 
physicians faced with suspected cases of human rabies from conventional 
blood samples. 

Rabies is estimated to cost 
$8.6 billion a year. 

In 2013, Sambo et al. 
demonstrated that the 
estimated incidence of 
mortality in Tanzania was 
10 to 100 times higher 
than officially reported.  
Sambo et al. (2013) 
https://doi.org/10.1371/jour
nal.pntd.0002510 
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Miniature polymerases of archaeal viruses: a new class of 
enzymes with high biotechnological potential 
Project PTR n° 614- 2023 MINIVIRPOL

SCIENTIFIC COORDINATOR 
Dr. Ludovic SAUGUET, DNA Replication Group - Institut Pasteur Paris, 
France 

PASTEUR NETWORK COLLABORATORS 
Dr Mariette MATONDO - Institut Pasteur Paris, France 
Dr. Mart KRUPOVIC - Institut Pasteur Paris, France

CONFIDENTIAL PROJECT 
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Tackling antifungal resistant Aspergillus fumigatus with 
surfactant protein D 
Project PTR n° 617- 2023 ANTIFUN 

SCIENTIFIC COORDINATOR 
Dr. Vishukumar AIMANIANDA, Immunobiology of Aspergillus Group - 
Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Jessica Quintin- Institut Pasteur Paris, France 
Marcio-Lourenço RODRIGUES- Fiocruz Curibita,Brazil

PROJECT SUMMARY 
Note: X & Y stand for the actual names of compounds studied 

` 

KEYWORDS 
Aspergillus fumigatus, antifungal, antifungal resistance, AMR, genetic diseases, invasive fungal 
disease, treatment 

IS COMBINATION OF SP-D AND MMV1593537 COMPATIBLE FOR A BETTER ANTIFUNGAL STRATEGY ? 

A. fumigatus CULTURE & SCREENING
Test of X & Y dose effect and screening of

azole-sensitive and azole-resistant A.
fumigatus isolates

PROTEOMICS
The impact of the molecules on 

proteomics of A. fumigatus

MOUSE MODEL
Antifungal activity of the molecules on 

resistant/sensitive A. fumigatus 
infection in vivo

§ Exploration of a safer treatment route than existing ones (less pharmacokinetic concerns than azole drugs)
§ Reduction of the emergence of antifungal resistance
§ New strategy against Aspergillus fumigatus infection
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RNAseq
The impact of the molecules on
transcriptome of A. fumigatus

Aspergillus fumigatus BURDEN Aspergillus fumigatus LIFE-CYCLE NEW ANTIFUNGAL STRATEGY/MOLECULE

• Responsible of 80% of invasive 
aspergillosis

• Opportunistic infections with 40% to 90%
mortality rates in high-risk populations 

• A. fumigatus cited as one of the fungal
priority pathogens in the WHO list

Conidophore

Germination

Hyphal
growth

Conidiation

Hyphal
branching

X factor
from human

Y compound
Novel molecule with
fungistatic effect

Y coumpound
X factor

X factor 
Y compound

A. fumigatus azole
resistant/sensitive
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THE OVERLOOKED PATHOGENIC-FUNGI BURDEN 
Our perception about fungi is limited to edible-mushrooms although 
hundreds of microscopic-fungi cause fatal invasive fungal diseases (IFD).
Annually, pathogenic-fungi kill more than the deaths caused by malaria, 
nevertheless, IFD are overlooked. On the other hand, antifungal drugs 
available to treat IFD are limited, and the mortality rate associated with IFD 
remains high even after antifungal treatment. This poor prognosis is due to 
diagnostic delay lowering antifungal efficacy and antifungal resistance 
acquired by fungal pathogens. Therefore, there is a need to overcome these 
antifungal-associated issues to achieve better prognosis for IFD. 

INVASIVE ASPERGILLUS: A FUNGAL-DISEASE OF 
INTEREST  
Among IFD, invasive aspergillosis (IA) caused by pathogenic species of 
Aspergillus is of global concern. Aspergillus fumigatus is an opportunistic 
pathogen, and the major pathogenic Aspergillus species responsible for 
invasive aspergillosis (IA), worldwide. 

Azole drugs are the first line of antifungals for IA-treatment. They target 
lanosterol-14-demethylase, an essential enzyme in fungal membrane 
constituent. Nonetheless, the last decade has experienced the emergence 
of azole-resistance in A. fumigatus; of threat is the pan-azole resistance due 
to specific point mutations in the dedicated A.fumigatus DNA sequence. 
Agricultural application of imidazole fungicide and drugpressure due to long-
term treatment with azoles in chronically infected patients are the main 
reasons for the emergency of azole resistance. Therefore, alternative 
strategies are essential to treat invasive fungal disease caused by azole 
resistant A. fumigatus.  

THE PROJECT 
The consortium identified a protein (X), present in the human and having 
anti-A. fumigatus activities with distinct targets from the Y counpound, which 
is known to have an inhibitor effect on Candida spp. First, the teams will 
focus on understanding the anti-Aspergillus fumigatus mechanism 
associated with X and Y. This project will decipher antifungal potential of 
these two compounds, individually and in combination, against azole 
sensitive as well as azole-resistant isolates of A. fumigatus. Then, 
researchers will validate activities of X and Y compounds in vivo, using 
mouse model.

Annually, pathogenic-
fungi kill 1.6-million 
people globally. 

Aspergillus fumigatus is 
responsible for more than 
80% of human cases of 
aspergillosis. 
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Auditory neuropathies: new genetic models and audiological 
tests to decipher the underlying pathophysiological 
mechanisms 
Project PTR n° 618- 2023 NeuropatHEAR

SCIENTIFIC COORDINATOR 
Dr. Nicolas MICHALSKI, Plasticity of Central Auditory Circuits – Hearing 
Institute, Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Paul AVAN – CERIAH,  Paris, France 
Dr. Milena HASAN - Institut Pasteur Paris, France 

PROJECT SUMMARY 
Note: “Gene X” stands in place of the real name of the studied gene.

KEYWORDS 
Brain Connectivity Diseases And Neurodegenerative Diseases, hearing, diagnostic, model, re-emerging auditory 
brainstem responses, hearing deficit, transcriptomics, neural cell function, communication and signaling, 
neurotransmission, sensory system 

IS THE MOUSE MODEL Gene X +/-A GOOD PRECLINICAL MODEL 
FOR HUMAN AUDITORY NEUROPATHY? 

A NEW DIAGNOSTIC TOOL
Validation and translation from mouse 

model to patients

MOUSE Gene X +/-MODEL  
& PATCH-CLAMP ASSAY

Functional consequences of auditory
neuropathy in the central auditory circuits

§ Spatial transcriptomics, and genetic identification of auditory neuropathy
§ New non-invasive diagnostic tool testing auditory nerve neuron subtype.
§ New genetic mouse models of auditory neuropathy at Institut Pasteur to translate findings from the mouse to 

patients
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SINGLE CELL DEEP SEQUENCING
& SPATIAL TRANSCRIPTOMICS

Decipering the auditory neuronal circuits 
activated by Gene X - expressing neurons

HEARING LOSS IMPACT ON SOCIETY AUDITORY NEUROPATHIES 
NEURON SUBPOPULATION: 

Gene X- EXPRESSING NEURONS

• Hearing deficits affect 6% of the world 
population

• 700 million people will be affected by 
2050 (WHO)

• Auditory neuropathies: lack of
preclinical model mimicking human
pathology

Sound enters
the hear

sound transduced into
neuronal signal 

signal 
conduction 
to the brain

defects in cochlear synapses or auditory nerve 
è misconducted signal è auditory neuropathy

MOUSE MODEL 
Gene X +/- & -/-

highly susceptible to 
audiogenic seizures & 
auditory neuropathy
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HEARING DEFICIT IMPACT ON SOCIETIES 
Hearing deficits significantly impact global public health, affecting over 6% 
of the world population and projected to impact over 700 million people by 
2050 (WHO). The impact on social well-being is profound, with hearing loss 
linked to communication difficulties, cognitive impairment, delayed 
language development in children, and increased risk of mental health 
issues such as dementia and depression. Addressing hearing impairments 
is crucial for enhancing overall quality of life and mitigating the broader 
public health implications associated with these sensory deficits. The 
majority of these deficits stem from dysfunctional auditory sensory cells, 
particularly hair cells, resulting in abnormal auditory thresholds. However, 
there is a growing recognition that deficits in the auditory nerve, known as 
auditory neuropathy, contribute substantially to hearing impairments, 
accounting for at least 10% of cases. 
 

 
AUDITORY NEUROPATHIES 
Auditory neuropathies encompass a range of congenital and acquired 
disorders disrupting sound transmission from the inner ear to the brain, 
affecting the encoding of temporal fine structures and sound intensities. 
Individuals with neuropathies often have near-normal auditory thresholds 
but struggle to understand speech, especially in noisy environments, 
leading to social challenges. Additionally, patients may experience auditory 
distortions like tinnitus and hyperacusis, reducing tolerance for moderate 
sound levels. Despite the severity of disabilities caused by auditory 
neuropathies, the field lacks preclinical animal models reliably mimicking 
the human pathology, precluding the identification of neuropathy markers 
for diagnosis, the deciphering of the underlying pathophysiological 
mechanisms and involved neuronal circuits, as well as the development of 
treatments. 
 
THE PROJECT 
The consortium aims to develop reliable models to mimic the human 
pathology to decipher its underlying mechanisms, identify biomarkers and 
develop new diagnosis tools. Researchers will develop a new cutting-edge 
non-invasive audiological test, which specifically probes the activity of 
subtypes of auditory nerve neurons. The teams will also provide the first 
genetic model for deficits of subtypes of auditory nerve neurons. Using 
recently developed single cell spatial transcriptomics methodologies, the 
consortium will decipher the auditory circuits activated by each neuron 
subtype of the auditory nerve. 

 

Hearing impairments will 
be the seventh leading 
cause of burden of disease 
by 2030. 
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Iron-Sulfur Clusters Biogenesis 
Polymorphism and Virulence in Shigella 
Project PTR n° 619- 2023 ShigeFeS 

SCIENTIFIC COORDINATOR 
Dr. Sarah DUBRAC, SAMe - Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Pr François-Xavier WEILL - Institut Pasteur Paris, France 
Dr. Gianni PROSSEDA- Institut Pasteur Roma, Italy

PROJECT SUMMARY 

` 

KEYWORDS 
Shigella, iron sulfur clusters, biomarker, bacteria, polymorphism, gene decay, evolution, Fe-S, SUF, 
ISC, phylogeny, genomics, stress resistance 

HOW DOES FE-S BIOGENESIS BIODIVERSITY RISE SHIGELLA ‘S PATHOADAPTATION ?

BACTERIA SURVIVAL TEST
To test efficiency of suf loci

polymorphisms on Shigella survival

PHYLOGENY
Fe-S loci and core Shigella genome
Novel in silico typing tool for Shigella

HUMAN CELL INFECTION
Deciphering Fe-S mechanisms

on the Shigella invasion process

§ Deciphering Shigella genomic adaptation, virulence, and Fe-S biogenesis.
§ New perspective on the balance between Fe-S systems and their contribution to pathogenicity.
§ Identification of stress-resistant Fe-S variants in Shigella 
§ New route for development of antibacterial targeting the Fe-S pathways in Shigella, tackling antibioresistance
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GENOMIC
To assess genomic diversity

of Fe-S loci in Shigella

SHIGELLOSIS DISEASE GENE DECAY STRATEGY SUF LOCUS: UNEXPECTED DECAY

A    C T G G    G C    A 

• 65 000 children deaths yearly

• Few bacteria are enough to cause 
the disease (10-100)

• Human is the only reservoir

• No vaccine available

Adaptation by gene inactivation over time

§ >80 genes are commonly decayed in Shigella

§ Mechanisms concerned: anti-virulence, carbon
utilization, cell motility, transporter, membrane 
proteins…

Fe-S clusterISC SUF

Housekeeping
gene

Active if 
stress conditions

(gene decay)

Essential for Shigella: supposedly conserved
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SHIGELLOSIS: A BACTERIAL DISEASE 
Shigellosis stands as a spectrum of diarrheal disorders, varying in intensity 
from mild to severe manifestations. The symptoms involve abdominal pain, 
fever, and profuse diarrhea, often with traces of blood and mucus. This 
disease is endemic in developing countries, exploiting the fecal-oral 
transmission route, facilitated by poor-hygiene and contamination of food 
and water sources. Shigellosis is caused by Shigella bacterial genus, 
comprising four distinct species: Shigella sonnei, Shigella flexneri, Shigella 
boydii, and Shigella dysenteriae. Shigella sonnei is the most common 
species worldwide, mainly causing the milder forms of shigellosis; while 
Shigella flexneri is the most virulent protagonist, carrying a fatality rate up 
to 20%. 
 
Shigellosis raised public health attention due to the escalating emergence 
of multi-resistant Shigella strains in annual reports. 
 
 
AN INTRUIGUING GENETIC EVOLUTION  
Fe-S clusters stand as one of the most ancient inorganic cofactors, they are 
essential for all living cells. Fe-S are ubiquitous over a large array of 
biological contexts in Shigella: bioenergetics, gene modulation, metabolic 
orchestration, and the intricate pathways of biosynthesis within bacterial 
domains. Shigella, as all enterobacteria, has two Fe-S production pathways 
named ISC and SUF. ISC is the housekeeping system, whereas SUF is only 
active under stress conditions encountered by Shigella throughout infection. 
Usually, such an ubiquitous system is highly conserved. But, among 
Shigella genus, the consortium identified an unexpected polymorphism 
within the DNA locus governing SUF. This polymorphism was obtained 
through an evolutive mechanism named “gene decay” and its evolutive 
advantage is intriguing in the context of a bacterial pathogen. 

THE PROJECT 
By focusing on the essential central process Fe-S based biology, this project 
will provide a molecular, metabolic, evolutive, and cellular characterization 
of the virulence of Shigella strains. This project aims at exploiting Shigella 
biodiversity to investigate evolution of Fe-S cluster biogenesis systems and 
their impact on virulence. Based on consortium’s preliminary data, the 
project will (1) recapitulate how Fe-S biogenesis gene decay arose in 
Shigella populations; (2) study functional consequences of the inactivation 
of the SUF biogenesis system, thought to be important for Shigella infection 
(3) assess the impact of gene decay within Fe-S biogenesis factors on 
Shigella virulence and on stress adaptation 

Shigellosis is estimated to 
cause 200 000 deaths each 
year. 



1 INCENTIVE RESEARCH PROGRAMS - SPAIS 

Structural membrane dynamics and enzymatic 
activity of lipoprotein modification enzyme Lgt 
in the presence of peptide inhibitors 
Project PTR n° 626- 2023 ENDPOINT 

SCIENTIFIC COORDINATOR 
Dr. Nienke BUDDELMEIJER, Biology and Genetics of the Bacterial Cell 
Wall Unit- Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Alexandre CHENAL - Institut Pasteur Paris, France 
Dr. Laurence MULARD- Institut Pasteur Paris, France

PROJECT SUMMARY 

` 

KEYWORDS 
AMR, Acinetobacter, Escherichia coli, Helicobacter pylori, Pseudomonas aeruginosa, membrane, 
bacteria, lipoprotein, post-translational modification, Lgt, HDX MS, mass photometry 

DOES THE ENZYME Lgt IS A SUITABLE TARGET FOR NOVEL ANTIMICROBIAL TREATMENTS ? 

PEPTIDE DESIGN
Synthesis and production of Lgt inhibitors

§ Characterized substrate specificity of Lgt from various bacterial species.
§ Demonstrated peptides' potential as inhibitors of an essential enzyme in Gram-negative bacteria.
§ Offered detailed insights into enzyme dynamics in a phospholipid environment and peptide inhibition effects.
§ Aims to develop antibiotics against Gram-negative bacteria while preserving microbiota.
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GEL-SHIFT ASSAY & LIPOPROTEOME
Description of enzyme 

kinetics of Lgt in bacteria

ANTIMICROBIAL RESISTANCE BACTERIAL LIPOPROTEIN  MODIFICATION 
PATHWAY: AN ATTRACTIVE TARGET

Lgt: AN ENZYME OF INTERREST

CIRCULAR DICHROISM, FTIR
Description of functional biophysics of 

Lgt and inhibitors in phospholipid
environment

MASS SPECTROMETRY/ 
PHOTOMETRY

Lgt inhibitors characterization

Nosocomial, transportation 
spreading

Misuse or 
poor quality

of medication

Poor sanitation, 
contaminated environment, 
poor population education

Contaminated food

Membrane 
biosynthesis

Specific to 
bacteria

Necessary
for virulence

Accessible for 
treatments

§ Membrane Enzyme

§ Involved in the 1st reaction of post-
translational lipid modifications

§ Deletion lethal for Gram- negative
bacteria

P
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THE ANTIMICROBIAL RESISTANCE’S BURDEN 
Antimicrobial resistance (AMR) is on the top 10 of global health concern with 
significant implications for health, food security and development. Bacteria, 
viruses, fungi, and parasites have undergone transformative adaptation, 
reshaping themselves into resistant stains towards current medicinal 
interventions. This situation is the result of a confluence of factors 
encompassing the inappropriate and excessive used of antibiotics and the 
absence of novel antimicrobial breakthroughs. The consequences of AMR 
are severe, and include higher mortality rates, increased healthcare costs, 
decreasing quality of life… 
Therefore it is crucial to adress this issue. 
 
HOW ANTIMICROBIAL RESEARCH CAN EVOLVE?   
The World Health Organization (WHO) recently pinpoint a list of priority of 
concern pathogens: the so-called ESKAPE list. The majority of these 
bacteria have cell envelopes composed of two membranes (diderm). 
Antibiotic treatment of these species is particularly difficult due to poor entry 
of molecules into the pathogens cells that have a robust efflux mechanisms 
of drugs and intrinsic resistance to antibiotics. In general, two basic 
approaches are used in antibiotic discovery: phenotypic and target-based 
screening. Both approaches depend on large compound libraries, 
composed of small chemical molecules or natural products that either inhibit 
bacterial cell growth, or inhibit the function or enzymatic activity of a crucial 
pathogen’s protein. The use of unexplored biochemical pathways as targets 
for novel antibiotics is one way to combat AMR. 

THE PROJECT 
The concortium has access to structural and functional data of a lipoprotein 
modification enzyme (Lgt) that is essential for viability and pathogenicity of 
diderm bacteria. The teams will explore the potential of specific inhibitors of 
Lgt using combination of their expertise in biochemistry, biophysics, 
molecular dynamics, chemical biology and peptide chemistry. The 
ENDPOINT project has the objective to find in Lgt a novel target for broad-
spectrum antibacterial agent. In this context, they will describe the molecular 
involvement of Lgt in the pathogens, and check if it is conserved among 
bacteria. Then, they will look for stable peptides able to inhibit Lgt activity to 
open new route for new treatments. 
 

The worldwide economic 
cost of AMR by 2050 is 
estimated at $100 trillion. 

WHO estimate that 700 
000 deaths are annually 
dued to AMR. 
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Using Comparative Patho-Metabolomics To Decipher How 
Intracellular Bacteria Subvert Macrophage Immuno-Metabolism 
Project PTR n° 651- 2023 METABACT

SCIENTIFIC COORDINATOR 
Dr. Pedro ESCOLL, Biology of Intracellular Bacteria Unit- Institut Pasteur 
Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Sandrine AROS - Institut Pasteur Paris, France 
Dr. Slimane BEN MILED- Institut Pasteur Tunis, Tunisia

PROJECT SUMMARY 

* immune cells that fight infection

KEYWORDS 
AMR, vaccine, cytokine, immunology, intracellular bacteria, host defense, macrophage, Legionella 
pneumophila and Salmonella enterica Typhimurium, metabolomics, immune-phenotyping, 
computational analysis, drug, mitochondria, 

CAN WE TARGET THE METABOLISM OF INFECTED CELLS AS A NEW ANTIMICROBIAL STRATEGY ? 

IMMUNOPHENOTYPING 
& METABOLOME

Analysis of cytokines and 
metabolome of infected cells and 

comparison between L. pneumophila and 
S.Typhimurium infection

TEST OF NEW 
ANTIMICROBIAL TARGET

Targeting of general and 
pathogen-specific mechanisms

§ Comprehension on how intracellular bacteria alter macrophage metabolism
§ Therapeutic Potential: identification of new antibacterial treatments
§ Insights into general and pathogen-specific mechanisms
§ Technological sharing within Institut Pasteur.
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HUMAN MACROPHAGE 
INFECTION

Primary cell culture (hMDMs) and infection 
with L. pneumophila or S.Typhimurium

LEGIONELLA PNEUMOPHILA AND
SALMONELLA ENTERICA INTRACELLULAR BACTERIA METABOLISM OF INFECTED CELLS

AND DRUGS?

S. enterica Typhimurium
Salmonellosis

Foodborne

L. pneumophila 
Legionnaire’s disease

Aerosol

INVASION
Human macrophages 

infection *

SURVIVAL
They survive the 

antibacterial actions of 
macrophages

REPLICATION 
They reproduce

inside macrophages 
and diseminate

Intracellular bacteria obtain nutrients
from infected cells for bacerial growth

Targeting macrophage metabolism might
alter nutrient availabity and reduce
bacterial replication
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BACTERIA OF INTERREST ON HUMAN HEALTH 
Legionella pneumophila and Salmonella enterica serovar Typhimurium are 
two bacteria with significant impacts on human health though distinct modes 
of transmission. Legionella pneumophila causes legionellosis, commonly 
known as Legionnaires' disease. This severe form of pneumonia is 
transmitted through the inhalation of contaminated aerosols, from water 
systems like cooling towers, hot tubs, and plumbing systems. Legionellosis 
exhibits severe respiratory symptoms, including high fever, cough, and 
breathlessness, and in some cases, it can be fatal. Salmonella 
Typhimurium, conversely, is a major contributor to foodborne illnesses in 
humans: undercooked poultry, eggs, and unpasteurized dairy products. 
Infection leads to gastroenteritis, characterized by symptoms like diarrhea, 
abdominal cramps, vomiting, and fever. While most Salmonella infections 
resolve on their own, severe cases can result in bloodstream infections 
needing urgent medical intervention.  
 
LEGIONELLA PNEUMOPHILA AND SALMOLELLA 
TYPHIMURIUM: INTRACELLULAR BACTERIA  
Legionella pneumophila and Salmolella Typhimurium are intracellular 
bacteria. Intracellular bacteria have evolved to live and replicate within host 
cells. Because they can only take nutrients from the infected cells, to grow 
in these host cells intracellular bacteria have to hijack the metabolic 
pathways of infected cells.The intracellular niche provides also protection 
against immune system surveillance and antibiotics, making them 
challenging to eliminate. Understanding the strategies that intracellular 
bacteria employ to evade the immune system and manipulate host cellular 
processes is essential for developing effective treatments. Moreover, 
Legionella pneumophila and Salmolella Typhimurium infect macrophages 
during disease progression. Macrophages are immune cells in charge of 
fighting infection and they  reprogramm their metabolism to exert their 
antibacterial actions. Therefore, Legionella pneumophila and Salmolella 
Typhimurium are particularly relevant organisms to elucidate the impact of 
various virulence strategies on bacterial growth inside macrophages, such 
as nutrient salvaging, metabolic interactions with macrophage 
mitochondria, or the regulation of autophagy during intracellular infections. 

THE PROJECT 
The main objective of the project is to identify which metabolic pathways are 
specifically used by intracellular bacteria to grow inside macrophages. To 
accomplish it, the teams will analyze and compare the immunometabolism 
and phenotype of human macrophage infected with Legionella pneumophila 
or Salmolella typhimurium. Thanks to this strategy, they will be able to 
identify common mechanisms across the intracellular bacteria, and they will 
also be able to pinpoint specific’onesof each bacteria during the infection. 
This project will allow gaining important new, fundamental knowledge on the 
host response to infection, but it is also pivotal for the finding of new 
antimicrobial strategies to fight infection by intracellular bacteria, a research 
area gaining importance given the unpreceded increase of antibiotics 
resistance of many bacterial pathogens. 

Legionella death rates 
vary from 5% to 10% in 
general population and 
can rise up to 80% in case 
of untreated immune-
suppression patients. 

Approximately 1 billion 
people are at risk of 
infection with obligate 
intracellular bacteria. 
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Genetic drivers of anti-dengue immune 
response in Oceanian populations 
Project PTR n° 653- 2023 GEDIPOP 

SCIENTIFIC COORDINATOR 
Dr. Catherine Inizan, Unité de Recheche et d’Expertise – Dengue et 
Arboviroses - Institut Pasteur Noumea, New-Caledonia 

PASTEUR NETWORK COLLABORATORS 
Dr Yoann MADEC- Institut Pasteur Paris, France 
Dr. Lluis QUINTANA-MURCI- Institut Pasteur Paris, France 
Dr. Milena HASAN – Institut Pasteur Paris, France

PROJECT SUMMARY 

KEYWORDS 
Dengue, biomarker, functional genomics, transcriptomics, immunity, cytokine, single cell, population 
genetics 

WHAT ARE THE GENETIC FACTORS IN ANTIVIRAL IMMUNE RESPONSE IN OCEANIC POPULATIONS?

IMMUNE RESPONSE TO 
DENV-STIMULATION

Stimulation of PBMCs from the cohort
with dengue

LOW COVERAGE GENOME 
SEQUENCING

Description of the genetic architecture of 
Melanesian and European populations from

New Caledonia

SINGLE CELL 
TRANSCRIPTOMICS and CYTOKINE 

PROFILING
Population-specific immune response to 
DENV and identification of its genetic

regulatory variants

§ Knowledges building: genetic drivers of anti-DENV immune responses in Melanesian and European populations
§ Adapted Public Health strategies to reduce dengue risk, especially in the South Pacific region
§ Towards the development of personalized medical care for Pacific Islanders
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SAMPLING FROM RELEVENT 
NEW CALEDONIAN COHORT 

100 individuals of Melanesian ancestry and 
100 individuals of European ancestry

Blood and Saliva sampling 

DENGUE BURDEN CURRENT GENOMIC DATA ARE NOT 
REPRESENTATIVE OF HUMAN GENOME 

DIVERSITY

A    C T G G    G C    A 

DENGUE VIRUS (DENV)
§ Arbovirus 

Vector: Aedes aegypti)

§ 2,8M cases in 2022 Worldwide (WHO)

§ 55% of the human population at risk
for dengue worldwide (WHO)

THE SPECIFIC CASE OF
NEW CALEDONIA (NC) 

European Asian Other

≃ 20%

≃ 70%

Repartition of the ancestries in 
human genomic studies

§ 270,000 inhabitants

§ Dengue seroprevalence: 60% (2013)

§ Incidence highest in areas mostly
populated by populations with
Melanesian ancestry
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DENGUE VIRUS: A MAJOR THREAT TO HUMAN HEALTH 
Dengue virus (DENV) is an arbovirus transmitted to humans by the bite of 
an infected mosquito from the genus Aedes. Dengue has been listed by the 
World Health Organization as one of the 10 major health threats to the 
human population. There is currently no effective anti-viral therapy 
targeting DENV and only two vaccines are licensed.. Dengue's clinical 
presentation varies from asymptomatic to severe cases, with symptoms like 
sudden fever, nausea, vomiting, muscle and joint pain, and sometimes a 
rash. Severe dengue can lead to complications like plasma leakage and 
organ failure. Our understanding of drivers of dengue clinical spectrum 
is still incomplete. Several factors including virological, clinical, 
immunological as well as human genetic features may condition the 
susceptibility to symptomatic dengue and dengue clinical presentation. 
While our understanding of these factors is incomplete, studying them could 
help develop adapted prevention strategies and tailored medical care for 
dengue. 
 
 
POPULATION GENETICS: A POTENTIAL DRIVER OF ANTI-
DENGUE IMMUNE RESPONSE 
Pacific Islanders have borne the brunt of dengue virus infections since it 
was imported in the 19th century, and turned persistent since the Second 
World War. Today, this region is a hot spot for dengue virus transmission. 
In New Caledonia (NC), a French overseas territory in the South Pacific 
region, dengue outbreaks have become more frequent over the past 
decade. These outbreaks involved several DENV serotypes and resulted in 
more severe cases over the last outbreaks. For example, in 2013, the DENV 
epidemic in NC recorded over 10,000 cases, 5 deaths and a cost of 13 
million euros. Northeastern NC, which is mostly populated by Melanesians, 
exhibits a higher dengue indidence. Studies have been carried out to 
identify the genetic variants and their biological mechanisms linked to the 
occurrence of symptomatic and severe dengue. However, the limited 
inclusion of Oceanian populations in these studies limits their potential 
benefit for Pacific Islanders, even though they are particularly at risk.  
 
THE PROJECT 
The teams hypothesize that the specific demographic and adaptive history 
of Oceanian populations has shaped their present-day genetic background 
that, in turn, contributes to variation in immune responses and differences 
in susceptibility to certain viral infections, and especially dengue. The main 
objective of the project is to characterize Oceanian populations’ anti-viral 
immune response and identify its genetic drivers. Dengue is an 
epidemiologically relevant disease in the context of NC, where present-day 
populations recapitulate the genetic diversity of the South Pacific region.  
 
The project will combine genomic and immunologic approaches to 
characterize the genetic drivers of anti-dengue innate immune response of 
100 individuals of Melanesian ancestry and 100 individuals of European 
ancestry in New Caledonia. For the first time, this study will identify how 
Oceanians genetic uniqueness regulates immune response to a virus 
threatening their health. Knowledge generated will inform Public Health 
strategies aiming at limiting the risk and improving the management of 
dengue in the Pacific region through targeted information campaigns, 
prevention and screening, ultimately mitigating Oceanian populations 
vulnerability to dengue. 
 
  

DENV is present over 128 
countries 

In 2013, DENV 
seroprevalence in 
New-Caledonia was 
estimated at 60%  
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A quest for atomic-level description of translation factor 
interactions exclusive from trypanosomatids 
Project PTR n° 656- 2023 TraFITryp 

SCIENTIFIC COORDINATOR 
Dr. Beatriz GUIMARÃES, Structural Biology and Protein Engineering 
laboratory - Oswaldo Cruz Foundation, Fiocruz, Brazil, 

PASTEUR NETWORK COLLABORATORS 
Dr Sophie VICHIER-GUERRE – Institut Pasteur Paris, France 
Dr. Nadia IZADI-PRUNEYRE - Institut Pasteur Paris, France 
Dr. Sébastien Brier– Institut Pasteur Paris, France 

PROJECT SUMMARY 

` 

KEYWORDS 
Chagas Disease,Trypanosoma cruzi, trypanosomatids, translation, protein structure, crystallography, 
NMR, HDX-MS, Mass Spectrophotometry 

CAN THE SPECIFICITIES OF THE T. cruzi TRANSLATION MACHINERY BE TARGET FOR NEW THERAPEUTIC SOLUTIONS ?

§ Detailed atomic structures of relevant cap-4-binding complexes from Trypanosoma cruzi
§ Identification of cap-4-binding proteins from different life cycle stages of T. cruzi
§ Description of potential new routes to develop compounds that can selectively inhibit protein synthesis in trypanosomatids
§ Training opportunities for young researchers: 2 postdoctoral fellows hired 
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UNDERCHARACTERIZATION 
of T. cruzi TRANSLATION MECHANISMS

• Cap-4 not present in mammalians

• Higher number of genes encoding eIF4E, 
eIF4G and PABP homologs

• Different mode of interaction between 
translation factors

CHAGAS DISEASE (CD) is 

caused by the parasite 

Trypanosoma cruzi

6-7M INFECTED PEOPLE 
in the Americas

MORTALITY RATE
10,000 people per year

Metacyclic trypomastigote 
form of Trypanosoma cruzi

(T. cruzi)
© Image: doi: 10.1038/s41598-

021-01080-1

TRANSLATION: HIGHLY CONTROLLED 
PROCESS FOR PROTEIN PRODUCTION

INITIATION COMPLEX
To be translated, an mRNA is 

first recruited by the eIF4F 
complex through the interaction 
of eIF4E with the mRNA 5′ cap, 
and the interaction of the poly-
A-binding protein (PABP) with 

the mRNA 3’ poly(A). 

mRNA

SYNTHESIS OF CAP-4, CLICKABLE 
CAP-4 AND CAPPED RNA

To be used in interaction assays, 

reconstitution of complexes for structural 

analysis and to isolate T. cruzi
alternative cap4-binding complexes

ANALYSIS OF Cap-4-BINDING 
COMPLEXES BY MASS 

SPECTROMETRY 
Isolation and identification of cap-4-

binding proteins from different life cycle 

stages of T. cruzi

CRISTALLOGRAPHY AND NUCLEAR 
MAGNETIC RESONANCE ASSAYS
Determination of the 3D structures of 

complexes and mapping interacting 

surfaces

HYDROGEN-DEUTERIUM 
EXCHANGE-MS (HDX-MS)

Characterization of EIF4Es and

PABP interactions
© Image: doi: 10.1021/acs.chemrev.9b00815

CAP
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CHAGAS DISEASE 
Chagas disease, Leishmaniasis, and Human African Trypanosomiasis, 
caused by trypanosomatids, pose significant global health challenges 
lacking preventive vaccines. Notably, Chagas disease, caused by 
Trypanosoma cruzi, persists globally, with limited treatment options 
(benznidazole and nifurtimox) facing ongoing studies due to serious side 
effects. The estimated 6-7 million infections in the Americas and 
globalization of Chagas disease put it as a major public health issue, 
requiring more research effort for the development of new therapeutic 
strategies. In the context of Chagas disease, which presents various 
transmission routes and diverse manifestations, there is a critical need for 
specific treatments, especially for the disease’s chronic phase. Despite 
recent efforts, large-scale screenings have yet to produce effective 
inhibitors with fewer side effects. Trypanosomatids' unique molecular and 
cellular features offer potential for selective inhibition. However, to uncover 
this potential, the molecular mechanisms specific to trypanosomatids must 
be reconstituded and described at atomic resolution, which provides the 
fundamental information on the mechanistic differences between the 
translation machinery of the trypanossomatids and of their mammalian 
hosts.  
 
SPECIFIC TARGET 
Protein synthesis is essential for growth and proliferation of all cells. The 
process for protein synthesis (or translation) can be described in three 
stages, translation initiation, elongation and termination. Translation 
initiation in eukaryotes is a complex process dependent on the action of 
several transient protein factors. The interaction between these protein 
synthesis factors and between them and the messenger RNA (mRNA) are 
essential for promoting and regulating the global process of protein 
synthesis. The protein synthesis machinery of trypanosomatids presents 
several key differences as compared to mammalian cells. These differences 
include the presence of an hypermodified molecule at the 5'-end of all 
mRNAs, the higher number of genes encoding translation initiaton factors 
of mRNAs and the mode of interaction between the translation initiation 
factors. These core differences are essential for the parasites’ survival, they 
are therefore good candidates to be explored for selective inhibition for the 
development of new compounds against pathogenic tripanosomatids. 
 
THE PROJECT 
Through a multidisciplinary approach, the consortium aims to reconstitute 
and determine the molecular mechanisms of the trypanosomatid-specific 
translation initiation machinery. The major aim of this proposal is to study 
the structure and molecular association of trypanosomatids EIF4E 
translation factors with their different interacting partners (protein/RNA) in 
the protein synthesis machinery. Specific chemical tools will be developed 
for 1) isolation of stage specific translation initiation complexes during 
Trypanosoma cruzi life cycle, 2) detailed characterization of the interaction 
between the proteins of the translation initiation machinery and the 
messenger RNA. By developing chemical tools and solving three-
dimensional structures of the protein targets and complexes at the atomic 
level, the teams expect to contribute to the understanding of molecular 
mechanisms which regulate the protein synthesis in pathogenic 
trypanosomatids, providing a basis for the development of selective 
inhibitors targeting these parasites. 
 

Around 7M people are 
infected by Chagas disease 
worldwide with a mortality 
rate over 10,000 deaths per 
year. 

Chagas Disease is endemic in 
21 countries of continental 
Latin America. 
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extracts for mitochondrial diseases 
Project PTR n° 677- 2023 PhageSafety 

SCIENTIFIC COORDINATOR 
Dr. Laurent DEBARBIEUX, Mitochondrial Biology Group - Institut Pasteur 
Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Pieter-Jan CEYSSENS – Sciensano, Belgium 
Dr. Milena HASSAN- Institut Pasteur Paris, France 
Dr. Marie-Noëlle UNGEHEUER – Institut Pasteur Paris, France 

PROJECT SUMMARY 

` 

KEYWORDS 
Bacteriophage, biosafety, pneumonia, chronic infection, antimicrobial, nosocomial infection, therapy, 
preclinical, therapy, quality control 

HOW TO IMPROVE THE BIOSAFETY OF PHAGE THERAPY MATERIALS ? 

IDENTIFICATION OF BIOMARKERS OF 
SAFETY AND EFFICIENCY

In vivo early and late immune responses
after phage injection (chemokines,

cytokines, cell phenotypes, nucleic acids…)

IN VITRO QUALITY TEST
Validation of the purity and  efficience of 
Active Pharmaceutical Ingredients (pAIs)

CHECK OF RELEVANCE OF 
BIOMARKERS IN HUMAN

Pilot assay Signature of early
immune response to phages in blood

samples of healthy individuals

§ Securing access of safe phage products for clinicians and patients
§ Cell-free system that will be needed to secure tailor-made treatments
§ EU/global specifications for the quality of phage products
§ Better understanding of interactions between phages and immune system
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PURIFICATIONOF 3 PHAGES OF 
CLINICAL INTEREST

Whole phages and specific Active 
Pharmaceutical Ingredients (pAIs) to explore 

their immunological interactions

ANTIMICROBIAL RESISTANCE (AMR) 
BURDEN

PHAGE THERAPIES: 2 APPROACHES
UNDERCHARACTERIZATION

OF PHAGE USED IN THERAPIES

• 10M: yearly global deaths number
caused by AMR by 2050

• ¼ of nosocomial infections resultes
from AMR

• $100 Trillions: global cost of AMR
by 2050

Generic Industrial
phages cocktail Selection of 

personnalized
phage in a bank

Production, 
Application and 
surveillance

Pre-Clinical &
Clinical tests

Application 

Addition of the tailored
phage to the generic cocktail

• High diversity and complexity: limited
genomic and phages’ behavior study

• Lack of control global standardization

• Clinical tests historically priorizedcompared
to  fundamental research

Consensus Sequence

Purity

Identification of therapeutic naturally-occurring compounds and 
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ANTIMICROBIAL RESISTANCE BURDEN 
Antimicrobial resistance (AMR) is on the top 10 of global health concern with 
significant implications for health, food security, and development (WHO). 
Indeed, hundreds of thousands lives are lost each year due to this 
resistance. In this contexte, phages were applied as an antimicrobial 
therapy almost immediately after their discovery in the early 20th century, 
to combat bacterial infections (i.e. dysentery and cholera) in humans. The 
lack of new antibiotics has spurred fresh interest in the use of 
bacteriophages (phages) to treat infections, namely phage therapy. The 
large variety of indications and pathogens targeted, the time-and 
geographical changes in infectious bacterial species and the inevitable 
emergence of phage resistance point to the need for tailor-made solutions. 
Therefore, a “personalized” approach of phage therapy is gaining weight, 
supported by an increasing number of positive clinical outcomes reported. 
However, clinical-grade phage suspensions are currently poorly 
characterized before their administration to patients. In particular, the 
immune response to phage suspensions is understudied with preliminary 
reports describing both positive and negative impacts on health.  
 

 
IMMUNOSAFETY OF PHAGE-THERAPIES  
While standardized phage cocktails show low efficacy, treating patients with 
tailor-made approaches of phage therapy would be better, given their 
antagonistic evolution and their extremely narrow host spectrum. Current 
phage Active Pharmaceutical Ingredients (pAPIs) are purified from bacterial 
lysates, and often pathogenic strains from patients are used for phage 
production. The quality control of pAPIs for human use  entails control of 
their identity, purity, sterility and endotoxin levels. However, bacteria also 
produce non-endotoxin pyrogens, which remain undetected by the current 
control process but could trigger adverse immune responses in patients. As 
a consequence, clinical-grade phage suspensions are currently poorly 
characterized before their administration to patients and the immune 
response to phage suspensions is understudied. There is an urgent need to 
characterize the immunonological safety of phages in order to provide 
clinicians and regulatory agencies with relevant and solid scientific data that 
will further increase the access of phages to the patients in need.   
 
 
THE PROJECT 
The project will contribute to the  effort to further characterize the 
interactions between phages and the immune system, in order to 
understand which phage to use and which phage to avoid. The teams will 
follow a a comprehensive characterization of both early and late immune 
responses to phages. Finally, they will determine whether a single, or a 
panel of, biomarker would better reflect the safety of pAPIs. To address this 
question, the project will aim to identify the most appropriate biomarker(s) 
that ultimately could be implemented to define new thresholds and 
standards specific to pAPIs. The identification of such biomarkers will 
require a two steps strategy. Data that will be generated from this project 
will certainly open new avenues to decipher how the immune system is 
dealing with therapeutic phages. 

 

AMR caused 1.2 millions 
deaths in 2019 
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Maternal effect in Anopheles gambiae: a proteo-transcriptomic 
analysis of the differential susceptibility of mosquito progeny to 
Plasmodium falciparum 
Project PTR n° 688- 2023 ANOPLASM

SCIENTIFIC COORDINATOR 
Dr. Catherine BOURGOUIN, Biology of Host-parasite Interaction - Institut 
Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Marc MONOT – Biomics-Institut Pasteur Paris, France 
Dr. Mariette MATONDO - Proteomics Core Facility-Institut Pasteur Paris, 
France

PROJECT SUMMARY 

` 

KEYWORDS 
Malaria, mosquito, Anopheles gambiae, Plasmodium falciparum, diseases, epigenetics, Tandem Mass 
Tag, vector-borne disease, 

WHAT IS THE DIFFERENTIAL SUSCEPTIBILITY OF MOSQUITO PROGENY TO PLASMODIUM FALCIPARUM? 

TANDEM MASS TAG (TMT)
On proteins extracted from 

mosquito midgut

RNAseq
On RNA extracted from

 mosquito midgut

DATA INTEGRATION
Bio-informatic and statistics

§ Insights into An. gambiae's susceptibility to P. falciparum driven by mosquito mother age
§ Uncovering the impact of mother age, gonotrophic cycles, and sperm aging on progeny susceptibility to P.

falciparum and longevity 
§ Innovative Malaria Control: identification of transmission-blocking targets or agents and molecular markers to 

assess mosquito populations' susceptibility to P. falciparum
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MOSQUITO PRODUCTION & INFECTION
With P.falciparum

MALARIA: STILL A MAJOR PUBLIC
 HEALTH TREATS ANOPHELES GAMBIAE’ REPRODUCTION MATERNAL CONTROL OF P.FALCIPARUM 

SENSIBILITY OF MOSQUITOES PROGENY

24h 72h
Single 
Mating

Larval 
Development 
(6-12 days)

Blood
Meal

Ovocyte 
fertilization
Egg laying

♂

♀
Gonotropic

cycle
Single 
Mating

♂
♀

1 Progeny
(P) èMosquito mother age

è Progeny susceptibility to P.falciparium

TIME
P.1 P.2 P.3 P.4

- Growing population at risk

- Larger spreading of mosquito 
vectors across the world 

-80% of deaths occur in 5 years old 
children.
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MALARIA:  
Malaria is a life-threatening disease transmitted to humans primarily through 
the bites of female Anopheles mosquitoes infected with Plasmodium 
parasite, primarily in tropical countries. Malaria is not a disease that spreads 
directly from person to person. The disease is caused by a parasite that will 
trigger a range of symptoms, from mild to severe. Mild symptoms typically 
include fever, chills, and headaches. However, in severe cases, individuals 
may experience fatigue, confusion, seizures, and difficulty breathing. 
Certain groups are at a higher risk of developing severe malaria, including 
infants, children under the age of 5, pregnant women, travelers to malaria-
endemic areas, and individuals with HIV or AIDS. Malaria prevention 
strategies involve avoiding mosquito bites through the use of protective 
measures such as insect repellent and bed nets, as well as taking 
prophylactic medicines when traveling to regions where malaria is 
prevalent. Early diagnosis and treatment are crucial in managing the 
disease and preventing mild cases from progressing to severe, life-
threatening illnesses.  
 
THE ALARMING SPREAD OF MALARIA  
There are five species of Plasmodium parasites that can cause malaria in 
humans. Among these, Plasmodium falciparum and Plasmodium vivax 
pose the greatest threats. P. falciparum is known for its high fatality rate and 
is particularly prevalent in Africa, while P. vivax is the dominant malaria 
parasite in most regions outside of sub-Saharan Africa. Because of 
geographic expansion of resistance of Plasmodium falciparum to several 
drugs and notably Artemisinin, as well as increased mosquito resistance to 
insecticides, novel strategies to control malaria are intensively searched and 
specifically the ones that would suppress transmission of the parasite by 
mosquitoes. This is notably of huge concern with the recent invasion of 
Anopheles stephensi, from Asia to Africa, as this mosquito species is 
responsible for urban malaria. In this context, the leading team of the project 
demonstrated that the susceptibility of Anopheles gambiae, the major 
African malaria vector to P.falciparum, is maternally controlled. The results 
revealed that progeny from old females are more susceptible to the parasite 
than progeny from young females. 
 

THE PROJECT 
The project aims at deciphering the molecular basis of the maternal effect 
leading to higher susceptibility to P.falciparum and longer lifespan of female 
progeny born from old females. To achieve this aim, the teams will take 
advantages of a multidisciplinary approach mixing comparative RNA-seq 
analysis, Tandem Mass Tag (TMT), that will be combined through statistical 
analysis and bioinformatics. As the genotypes of mothers and progeny are 
similar, results from this project should open the way for 
understanding/identifying epigenetic signatures controlling the studied 
phenotypes. Overall, this novel knowledge could then be translated into 
innovative ways for better controlling malaria transmission acting on the 
mosquito vector.  

247 million Malaria cases 
were detected in 2022 

In 2021, half of the world’s 
population was at risk of 
malaria. 
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PROJECT SUMMARY 

` 

KEYWORDS 
schizophrenia, bipolar disorder, biomarker, nicotinic acetylcholine receptors, auto-antibodies, 
autoimmunity, memory, learning, attention, psychotic disorders, innate immunity, adaptative immunity 

CAN PSYCHOTIC DISORDERS ORIGIN CAN BE PARTLY EXPLAINED BY AUTO-ANTIBODIES TARGETTING nAChR ?

PRO-INFLAMMATORY ACTION BY 
AAbs AGAINST nAChR

Cytokine release, human cell models

ANTI-nAChR REPERTOIRE ANALYSIS 
From memory B cells from SZ & BD patients

AABs IN CENTRAL NERVOUS SYSTEM
In vivo behaviour study

§ Identification of a potential link between chronic peripheral inflammation and blood-brain barrier breakdown
§ nAChR AAbs as potential biomarkers for psychotic diseases
§ Evidence for antigen-specific therapeutic deletion of AAbs from patients 
§ Creation of well-characterized antibodies with unmatched nAChR subunit specificity
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NEURONAL nAChR PRODUCTION
Recombinant nAChR in yeast 

and cell models - structural caracterization

PSYCHOTIC DISORDERS 
WOLDWIDE BURDEN AUTO-ANTIBODIES (AAbs) AND BRAIN HEALTH

NICOTINIC ACETHYLCOLINE RECEPTORS
(nAChRs) AND BRAIN-RELATED DISEASES

• 1/8 people live with mental disorder

• Limited understranding of the causes

• 40M Bipolar Disorder (BD) in 2019

• 24M Schizophrenic patients worldwide

• Involved in Myastena gravis ethiology

• Significant nicotine addiction in psychotic 
patients

•  Genetic variants on nAChRs associated 
with mental illnesses

• Involved in autoimmune encephalitis
ethiology

• Significant higher prevalence of 
autoimmune diseases in people with
schizophrenia (SZ)

• Elevated inflammatory marker in case of 
psychotic disorders
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BRAIN DISEASES: COMPLICATED ORIGINS 
Mental disorders are the most debilitating and costly diseases in developed 
countries. Due to their complexity, their heterogeneity and the absence of 
biomarkers, the understanding of the causes of psychotic disorders remains 
limited and hampers the development of new specific treatments. But there 
is growing recognition that the immune system (especially auto-immunity) 
may be a key player. Indeed, there is a well-described disease, called 
autoimmune encephalitis, in which the immune system attacks the nervous 
tissue, leading to severe psychiatric symptoms. This allows to suggest that 
a more comprehensive understanding of the impact of auto-antibodies 
(AAbs) on the nervous system would pave the way to a better understanding 
of the etiology of psychotic disorders. 
 
NICOTINIC ACETYLCHOLINE RECEPTORS: STUDY OF THE 
LINK BETWEEN AAbs AND PSYCHIATRIC DISORDERS  
One interesting piece of evidence to resolve the link between AAbs and 
psychotic symptoms could come from another disease: Myastenia gravis. 
Indeed, this auto-immune disease is caused by AAbs targeting an 
essential actor of neuromuscular junctions: the muscle-type nicotinic 
Acetylcholine Receptors (nAChRs). This proves that AAbs targeting 
nAChRs can have direct consequences on human health. Importantly, there 
are also the neuronal-type nAChRs, which are widely represented in the 
Central Nervous System (CNS) and also found in the periphery and immune 
cells. Neuronal nAChRs play an important role in the regulation of pro-
inflammatory cytokine release. It has also been demonstated that neuronal 
nAChRs are also targeted by AAbs, leading to autoimmune autonomic 
neuropathies.  
 
A link between nAChRs and psychotic disorders is supported by 
observations from patients. Firstly, psychiatric patients often have an 
addiction to nicotine (activator of nAChRs); secondly, genetic mutations 
leading to insufficient function of neuronal nAChRs are associated with 
mental illnesses like schizophrenia (SZ); finally, this receptor plays a crucial 
role in the inflammatory response, since it is present in immune cells apart 
from its abundance in the nervous system. Therefore, studying how 
antibodies directed against these neuronal nAChRs may contribute to 
mental illness, could open up new avenues for the development of 
therapeutic approaches targeting the immune system. 
  

THE PROJECT 
This project aims to characterize AAbs targetting neuronal nicotinic 
receptors and to produce them for in-depth molecular, structural and 
functional analysis in vitro and in vivo. Exploring both clinical and 
mechanistic aspects of these AAbs will contribute to the multi-scale 
characterization of psychiatric diseases from bedside-to-bench and is 
expected to pave the way for innovative treatment strategies aiming to 
reduce these AAbs. The teams will use samples of human neuronal nAChR 
subunits to characterize nAChR AAbs in the blood of SZ and bipolar 
disorder (BD) patients and compare them to control subjects. The 
consortium will then study the consequences of the presence of these AAbs 
on brain activity and behavior in vivo. This project will decipher and 
demonstrate the role of AAbs against nAChRs in SZ and BD with the goal 
to elucidate their contribution to the consistently reported chronic peripheral 
inflammation in these patients. Moreover, the project will identify novel 
biomarker candidates for such diseases and should, in the long-term, help 
to personalize treatment approaches for patients with psychosis. 

38.2% of European 
population is affected by a 
mental disorder at least 
once in their lifespan. 
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HOW THE T7SSb CONFERS A COMPETITIVE AND ADVANGE AND PATHOGENICITY TO S.GALLOLYTICUS ?

IMPACT OF TelE
TO PATHOGENICITY AND 

INTERBACTERIA COMPETITION
Gut Microbiota Medium, in vitro gut model SHIME ®

§ Comprehensive view on the function of a novel LXG-effector
§ Understanding how LXG toxins secretion is modulated
§ Paving the way to the development of innovative antimicrobials
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STREPTOCOCCUS GALLOLYTICUS 
SUBSP. GALLOLYTICUS (SGG)

T7SSb: KEYACTOR FOR 
S.GALLOLYTICUS

TelE : INTERESTING PROTEIN FOR SGG 
PATHOGENICITY 

• 60% of infected people has cancerous lesions

• Rural lifestyle and animals contact increase

probability of infecttion

• Causes bacterema and infective endocarditis
Interbacterial

Competition

Adherence to the 

host’ epithelium

Promotion

of tumor

SPECIALIZED SECRETION SYSTEM
• Part of the LXG-family toxin

• Secreted by TSSb

• Promote loss of host’s cell membrane 

integrity

• Unique to SGG

BIOPHYSICAL STUDY OF  MEMBRANE 
AND TelE WITH PARTNERS 

Liposome lysis assay

Fluorescence

Lysis

+TelE

TipE

CRYSTALLOGRAPHY AND CRYO-EM
Structural characterization of TelE and 

partners
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EMERGENT PATHOGEN KEY MECHANISM :  Streptococcus 
gallolyticus subsp. Gallolyticus  (S. gallolyticus)  
Streptococcus gallolyticus subsp. Gallolyticus is a Gram-positive bacteria 
which is an emerging cause of septicemia and endocarditis in the elderly 
and its presence is strongly linked to colon cancer. 
The consortium teams previously demonstrated that Sgg expresses 
pathogenic factors that strongly enhance its ability to colonize the colon, 
particularly in tumoral conditions. Indeed, the consortium teams identified a 
genetic locus encoding a Type VIIb Secretion System (T7SSb), absent in 
the other subspecies of Streptococcus gallolyticus (macedonicus or 
pasteurianus). T7SSb mays be part of Sgg arsenal to defeat competitors in 
the host colon. A recent study indicates that the T7SS of S.gallolyticus strain 
contributes to gut colonization and tumor development, but the mechanisms 
are unknown.  
 
T7SS: A KEY ACTOR SYSTEM FOR INSTESTINE INVASION BY 
S.GALLOLYTICUS  
In Firmicutes bacteria, T7SSb secretes toxic LXG-effectors for bacterial 
competition. The secretion and action mechanisms of toxins released 
through the T7SS are still not well-understood. It was first discovered in 
Mycobacterium tuberculosis in which it secretes key virulence factors 
required for infection. But, research on secretion systems in Gram-positive 
bacteria, especially focusing on their structural components, presents, so 
far, a significant challenge. Consequently, the prospect of investigating a 
seven-protein complex; here composed by TelE, TipE and 5 other actors; 
within this context is groundbreaking and has the potential to advance the 
field significantly. It’s even more important to unverstand better those 
mechanisms as they are key actors for Streptococcus gallolyticus, an 
emergent pathogen. Indeed, the T7SS is crucial in competing with the 
patient's own microbiota, enabling the pathogen to colonise the intestine 
and cause colorectal cancer. 
 

THE PROJECT 
To understand the mecanisms underlying the T7SS the teams aims to 
perform a structural characterization of the TelE effectors involved in its  
secretion and activity modulation. Using an in vitro gut model system, 
researcher will analyze TelE interaction with host's cells membrane leading 
to patient’s gut colonization. Furthermore, the teams will unravel the 
S.gallolyticus competition potential against patient’s microbiote: they will 
identify bacterial species specifically targeted by the S.gallolyticus T7SS 
system. Understanding how TelE is secreted  and operates will provide 
valuable insights into the role of T7SS in bacterial competition and how S. 
gallolyticus manages to outcompete other microorganisms in the gut 
microbiota. Furthermore, this research may identify TelE as a potential 
therapeutic target for addressing gut-related health issues. In summary, this 
project holds great promise for enhancing our comprehension of bacterial 
warfare and its implications for human health. 
 

60% of people infected by 
S.gallolyticus present 
cancerous lesions. 
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response in two Senegalese populations (HHGP-Senegal) / Aissatou Touré - Immunology Unit - Institut Pasteur Dakar and 
Darragh Duffy - Immunology Department - Institut Pasteur (Paris) 
 
-PTR 39-2016: A multi-disciplinary investigation of the Negativicutes: Atypical Firmicutes with LPS-outer membranes that 
inhabit the human gut (OMNEGA) / Simonetta Gribaldo - Microbiology Department - Institut Pasteur (Paris) 
 
-PTR 43-2016: The Role of ExoY nucleotidyl cyclase toxin in Pseudomonas aeruginosa infections (ExoY) / Undine Mechold 

- Structural Biology and Chemistry Department - Institut Pasteur (Paris) 
 
 

• 2017 

-PTR 03-2017: Toxins and nanobodies as subtype-specific ligands and allosteric modulators of nicotinic acetylcholine 
receptors (Nicobinder) / Pierre-Jean Corringer - Neuroscience Department - Institut Pasteur (Paris) 
 
-PTR 24-2017: Role of HP1/Cbx protein ubiquitination in chromatin organization (HPUCO) / Giovanni Cenci - Institut Pasteur 

- Cenci Bolognetti Foundation (Rome, Italy) 
 
-PTR 30-2017: Global diversity, genomic epidemiology and pathogen evolution of Leptospira (GlobE Evolution) / Mathieu 
Picardeau - Microbiology Department - Institut Pasteur (Paris) 
 
-PTR 52-2017: Anti-tuberculosis vaccination using new generation live attenuated vaccines and lentiviral vectors encoding 
stage-specific mycobacterial antigens: prophylactic and therapeutic approaches (TB-LAV/LV-VAC) / Marta Romano - In vivo 
models unit / Immune Response Service - Scientific Institute of Public Health (Brussels, Belgium) 
 
-PTR 66-2017: Role of Toll-Like and Nod-Like Receptors in the activation and functions of phagocytes infected with 
pathogenic Leptospira (LEPTOPHAGO) / Catherine Werts - Microbiology Department - Institut Pasteur (Paris) 
 
-PTR 73-2017: Structure, function and evolution of transport systems of nickel, an essential virulence determinant of the 
bacterial pathogen Helicobacter pylori (TransNickel) / Charles Calmettes - INRS - Institut Armand Frappier (Canada) 
 
-PTR 91-2017: Investigation of the possible transmission of a dysbiotic microbiota from mothers to their offspring in the 
context of chronic malnutrition and environmental enteropathy (Mitica) / Philippe Sansonetti and Violeta Moya-Alvarez - 
Molecular Cell Biology and Infection Department - Institut Pasteur (Paris) 
 
-PTR 98-2017: High throughput selection of nanobodies by droplet based microfuidics (NanoFluidic) / Pierre Lafaye - 
Structural Biology and Chemistry Department - Institut Pasteur (Paris) 
 
-PTR 111-2017: Mechanisms driving normal and accelerated ageing (RejuvenAge) / Shahragim Tajbakhsh - Developmental 
and Stem Cell Biology Department - Institut Pasteur (Paris) 
 
-PTR 113-2017: Dissecting roles for diverse innate lymphoid cell subsets in colitis-induced colorectal cancer (ILC-INF-CRC) 
/ Angela Santoni - Molecular Immunology and Immunopathology Unit - Institut Pasteur - Cenci Bolognetti Foundation (Rome, 
Italy) 
 

• 2019 

-PTR 161-2019: Epidemiology and Genetic Diversity of Enteroviruses in Central Africa and in Madagascar: uncovering the 
hidden parts of the enterovirus ecosystems (EVinCA&M) / Maël Bessaud - Viral Populations and Pathogenesis Unit - Institut 
Pasteur (Paris) 
 
-PTR 166-2019: Inhibitor Screening, Cryo-Electron Microscopy, X-ray studies of CyaA (InSCEMiX) / Alexandre Chenal - 
Biochemistry of Macromolecular Interactions Unit - Institut Pasteur (Paris) 
 
-PTR 175-2019: Development of a field-adapted CRISPR-based method for the diagnosis of sleeping sickness 
(SHERLOCK4HAT) / Brice Rotureau - Trypanosome Transmission Group - Institut Pasteur (Paris) 
 
-PTR 183-2019: Transcriptional Response for AntimiCrobial Resistance detection in TB (TRACeR-TB) / An Van den Bossche 

- Bacterial Diseases Unit - Sciensano (Belgium) 
 
-PTR 190-2019: Molecular and structural tools for deciphering trypanosomatid-specific features of EIF4E in the translational 
machinery (CaptoTryp) / Beatriz Guimares - Structural Biology and Protein Engineering Unit - FIOCRUZ (Brazil) 
 
 

DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS 



-PTR 212-2019: Towards new vaccine strategies for dengue virus infection: identification of protective humoral immune 
responses in asymptomatic dengue-infected individuals (ASDENV) / Tineke Cantaert - Immunology Unit - Institut Pasteur 
in Cambodia 
 
-PTR 218-2019: A One Health study of monkeypox: human infection, animal reservoir, disease ecology and diagnostic tools 
(AFRIPOX) / Emmanuel Nakouné - Arbovirus, emerging viruses and zoonosis Unit - Institut Pasteur in Bangui 2 

 
-PTR 232-2019: Computational imaging of the spatiotemporal distribution of forces in gut tissue: a study of the cross 
talk between cell mechanics, microbiome and infectious processes (MECHABIOME) / Elisabeth Labruyere - Bioimage 
Analysis Unit - Institut Pasteur (Paris) 
 
-PTR 233-2019: Targeting Malaria Epigenetics (TaME) / Ludovic Halby - Epigenetic Chemical Biology Unit - Institut 
Pasteur (Paris) 
 
-PTR 237-2019: Field Tests for Rabies Diagnostic (FiTeRaD) / Laurent Dacheux - Lyssavirus Epidemiology and 
Neuropathology Unit - Institut Pasteur (Paris) 1 

 
-PTR 245-2019: Understanding RavA-ViaA sensitization to aminoglycosides and how it can be harnessed to fight antibiotic 
resistance (RAVVIA) / Zeynep Baharoglu - Bacterial Genome Plasticity Unit - Institut Pasteur (Paris) 
 
-PTR 272-2019: Organoids-on-chip: role of Sonic-Hedgehog signaling on the development of inner ear organoids 
(OrganoEar) / Raphael Etournay - Genetics and Physiology of Hearing Unit - Institut Pasteur (Paris) 
 

• 2020 

-PTR 291-2020: Functional consequences of pathogen infection in tissue specific stem cells (MusVir) / Barbara 
Gayraud- Morel - Stem Cells and Development Unit - Institut Pasteur (Paris) 
 
-PTR 303-2020: Neonatal acquisition of ESBL-PE in the community of a low-income country (Neo-LIC) / Bich-Tram Huynh - 
Epidemiology and modelling of bacterial escape to antimicrobials Unit - Institut Pasteur (Paris) 
 
-PTR 310-2020: Adaptation of pathogenic Leptospira to oxidative stress: its contribution to virulence and host colonization 
(LEPTOXINFECTION) / Nadia Benaroudj - Biology of Spirochetes Unit - Institut Pasteur (Paris) 
 
-PTR 332-2020: E. coli and H. pylori as models for the role of DNA methylation in the relation between bacteria and cancer 
(CoPyMe) / Eliette Touati - Unit of Helicobacter Pathogenesis - Institut Pasteur (Paris) 
 
-PTR 337-2020: Validation of Plasmodium falciparum antigens targeted by human CD8+ T cells using T Cell Receptor- 
expressing reporter cells (PfAVAL) / Rogerio Amino - Malaria Infection and Immunity Unit - Institut Pasteur (Paris) 
 
-PTR 353-2020: Host pathogen interactions in humans infected with zoonotic foamy viruses (ZOOFOAMENV) / Florence 
Buseyne - Epidemiology Physiopathology Oncogenic Viruses Unit - Institut Pasteur (Paris) 
 
-PTR 377-2020: Microglia imaging in Alzheimer's disease (MIAD) / Marcos Costa - Molecular determinants of 
neurodegenerative diseases Unit - Institut Pasteur (Lille, France) 
 
-PTR 380-2020: Development of heptose-containing semi-synthetic glycoconjugate vaccines against campylobacteriosis 
(CAMPYVAC) / Charles Gauthier - Centre Armand Frappier Santé Biotechnologie, INRS (Canada) 
 
-PTR 388-2020: Refining the role of nicotinic acetylcholine receptors and their relevance as therapeutic targets in 
neuropsychiatric disorder endophenotypes (NICOGNIBRAIN) / Morgane Besson - Integrative neurobiology of cholinergic 
systems Unit - Institut Pasteur (Paris) 
 
-PTR 395-2020: Structural and functional characterization of a Dot1-like methyltransferase encoded by Legionella 
pneumophila: bacteria-induced epigenetics? (LegiDOT) / Monica Rolando - Biology of Intracellular Bacteria Unit - Institut 
Pasteur (Paris) 
 
1: co-funding Institut Pasteur - Institut Carnot Pasteur MS 
2: co-funding Institut Pasteur - ANR 

*: The technical sheet of this project is currently not available (licensed to a third party / confidential information / writing in 
progress / involving no partner in Paris) 

 
 



• 2021

- Exploring Host factors linked to phagosomal rupture by Mycobacterium tuberculosis using High Content
phenotypic Screening and Lung-on-Chip techniques
PTR n°430 - 2021
Keywords: Mycobacterium tuberculosis, Mtb, organ on a chip, lung, ex vivo, anti- microbial resistance, siRNA screening,
FRET, IPSC, LoC, host-pathogen interaction

- Tuning the ADAR1 RNA editing enzyme to boost type I IFN and NK cell innate immune responses in the model
of HPV transformed cells
PTR n°432 - 2021
Keywords: Human papilloma viruses (HPVs), epithelial cells, immune response, ADAR, cell model, 3D bioprinting,
cervical cancer, immune system, interferon (IFN)

- Spatially resolved proteomics and morphodynamics of hematopoeietic stem cell aortic precursors
PTR n° 439 - 2021
Keywords: Zebrafish, blood cancer, stem cell, immunity, hematopoiesis, HSC, embryogenesis, regenerative medicine,
bona fide, ArhGEF11, APEX2, bone marrow

- Proof of concept study: targeting DENV NS1 to reduce viremia and alleviate plasma leakage
PTR n° 448 - 2021
Keywords: arbovirus, flavivirus, Dengue, DENV, NS1, high-throughput, high-content, screening, chemical, BRET, infection
assay, preclinical, mouse model, antivirals.

- High-Resolution virome of mosquitoes coupled to the quest for novel human arboviruses in Madagascar
PTR n°458 - 2021
Keywords: Arbovirus, mosquitoes, arthropod, emergence, outbreak, epidemic, diagnostic, screening, LIP, seroprevalence,
NGS, virome, Madagascar

- Tackling a Global Emerging Threat: Multidrug-Resistant Yeast Candida auris
PTR n° 459 - 2021
Keywords: Candidiasis, Candida auris, multi-drug resistance, fungi,
high throughout, drug screening, kinase, mouse model, inducible expression

- Centrosome and basal body function in human parasites
PTR n°474 - 2021
Keywords: Parasite, apicomplexa, Trypanosoma brucei, Toxoplasmosa gondii,
flagella, centriole, basal body, phylogeny, RNAi, protein structure

• 2022

- Optimizing CyaA translocation for its use in biotechnological applications as enhanced antigen delivery vehicle 
PTR n°502 - 2022
Keywords: CyaA, Bordetella pertussis, whooping cough, ACD, CaM, P454, ADV, immunization, vaccine, antigen delivery 
vehicle, AI, protein confinement

- Effect of mood states on olfactory system neural connectome
PTR n° 511 - 2022
Keywords: Depression, olfaction, Neural architecture, microscopy, machine learning, Virtual Reality

- Neuronal excitability as a neurophysiological substrate for sensitivity to sounds
PTR n° 520 - 2022
Keywords: Diagnosis, Biomarkers, model for research, autism, hyperacusis, models, sensory disorder, sound roughness,



anxiety, hyperresponsiveness, hyperexcitability 

- Targeting the peptidoglycan assembly complexes
PTR n° 526 - 2022
Keywords: nucleic acids, vaccines, antimicrobial, PGN, gastric ulcer, Helicobacter pylori, bacteria, cell envelope, antibiotic
resistance, Penicillin-binding protein, MreC

- Mechanisms of Heteroresistance leading to antifungal treatment failure
PTR n° 530 - 2022
Keywords: mycology, fungal pathogens, Candida albicans, candidiasis, antifungal resistance, azole heteroresistance,
microfluidics, population heterogeneity

- Mechanics of Inviding Glioblastoma Cells
PTR 548 - 2022
Keywords: Glioblastoma cells, glial cells, cancer, cell junction, cell-adhesion, 3D cell culture, microscopy, cell migration, cell
invasion, intermediate filaments, cytoskeleton

- Comprehensive profiling of human and mouse metastasis-infiltrating ILC
PTR n° 550 - 2022
Keywords: Transcriptomics, Innate immunity, tumour, immunology, liver, lung, ILC1, NK cell, cancer, metastasis, single cell,
RNA-seq, cell-sorting

- Targeting mitochondrial membrane integrity in Chagas Disease
PTR n° 558 - 2022
Keywords: Chagas disease, Trypanosoma cruzi, mitochondria, metabolism, parasite, immunity, mice model, organelle, cell
model, cardiomyopathy, preclinical

- Integrative approach to combat antibiotic resistance by targeting protein- protein interactions essential to bacterial
macromolecular machinery.

PTR n° 566 - 2022 
Keywords: Antimicrobial resistance, antibiotic, therapeutical strategy, divisome, Fr- PPI-Chem Library, Bacterial Two Hybrid 
Screening Technology, BACTH, E. Coli 

- APOBEC3CI188 mutator enzyme, a genetic predisposition marker for liver cancer
PTR n° 588 - 2022
Keywords: liver cancer, A3CI188, cytidine deaminase, reverse genetics, genome editing, recombination, diagnosis,
biomarker, Hepatocellular carcinoma, mouse model

- Origins and dynamics of oral dysbiosis associated with enteric dysfunction. Preventive intervention in Central
African infants.

PTR n° 596 - 2022 
Keywords: Metagenomics, epidemiology, surveillance, environmental enteric dysfunction 
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ACIP

MALARIA

Plasmodium Plasmodium falciparum (P. falciparum

Anopheles

Anopheles

Anopheles gambiae

P. falciparum

MALARIA IN MAGHREB 

THE PROJECT

Anopheles sergentii

Project ACIP n° 02-2014

Coordinator:

Institut Pasteur International Network collaborators:

Knowing better the malaria vector  
will improving its surveillance

International budget for the 
control and elimination of 
malaria in 2013: 2,7 billion of 
dollars.

Morocco was declared malaria-
free in 2010 but lately 100 cases 
per year have been identified.



ACIP

WHAT IS NEISSERIA MENINGITIDIS?

Neisseria meningitidis (N.m

N.m 

SURVEILLANCE OF INVASIVE MENINGOCOCCAL INFECTIONS

Neisseria meningitidis

Enhancement fo the epidemiological 
surveillance of Invasive Meningococcal 
Infections for implementation of vaccine 
strategies

Project ACIP n° 03-2014

Institut Pasteur International Network collaborators:  

Invasive meningococcal disease 
is considered to be one of the 
leading causes of death: 20 
to 30% worldwide during an 
epidemic.

The incidence of IMI varies in 
the world between 1 to 1,000 
cases per 100,000 inhabitants 
per year.

In sub-Saharan Africa, 1000 new 
cases per 100,000 people during 
an epidemic.

In France, between 0.9 and 1.6 
cases per 100,000 inhabitants 
over the last 10 years.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT

This project also involves / involved the participation of external partner(s).



PUBLICATIONS:

•  Barbau-Piednoir E., Roosens N.H. et al., SYBR®Green qPCR Salmonella detection system allowing discrimination at the genus, species 

and subspecies levels. Applied Microbiology and Biotechnology, 2013

•  Desdouits M, Manuguerra JC et al., Genetic characterization of Chikungunya virus in the Central African Republic, Infection, Genetics and 

Evolution, 2015

•

African Republic, Vector-Borne and Zoonotic Diseases, 2014

ACIP

Project ACIP n° 04-2014

Coordinator:

Institut Pasteur International Network collaborators:

Non-invasive Diagnostic Test for Early 

(Arbovirtuess)

THE CONTEXT

THE PROJECT

Acid-nucleic based tests are 
highly specific compare to 
serological-based ones.

Non-invasive diagnostic test 
for early detection & viral 
identification of arbovirus 
infection.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

ASD affect 1% to 2% of 
the population (3 millions 
individuals in the European 
Union alone) and represent an 
important problem for many 
families, as well as for public 
health and educational systems.

The prevalence of ASD is about 
1/100 overall, but closer to 
1/300 for typical autism.

WHAT ARE AUTISM SPECTRUM DISORDERS?

WHAT ARE THE GENETIC CAUSES OF AUTISM SPECTRUM DISORDERS?

Development of standardized clinical and 
genetic diagnoses for autism spectrum 
disorders to better investigate the genetic 
causes of these disorders

Project ACIP n° 07-2014

Pasteur in Paris
Institut Pasteur International Network collaborators:



THE PROJECT

Tunisia 

Annual care costs for a child 
with ASD have been estimated 
85-550% higher than for a 
typically developing child.

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

Dengue is the vector-borne viral 
disease that has the greatest 
impact on human health 
because of its mortality and 
morbidity.

According to WHO, more than 
100 countries, with at least 2.5 
billion people, are affected by 
this virus.

DENGUE IN SOUTHEAST ASIAN COUNTRIES

Aedes A. aegypti and A. albopictus

-

DENGUE SURVEILLANCE NETWORKS

-

-

A better understanding of dengue circulation 
mode in cities in Southeast Asia through 
surveillance tools to develop transmission 
models and prevent new emergence

Project ACIP n° 09-2014

Institut Pasteur International Network collaborators :



THE PROJECT

This project also involves / involved the participation of external partner(s).

The countries of Asia, and 
in particular those of the 
Indochinese peninsula, suffer 
serious damage for this infection.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PUBLICATIONS:

•  Dupont-Rouzeyrol M, O’Connor O, Calvez E, Daurès M, John M, Grangeon JP, Gourinat AC. Co-infection with Zika and Dengue Viruses in 

2 Patients, New Caledonia, 2014. Emerg Infect Dis. 2015. 21(2):381-2. 

•  Gourinat AC, O’Connor O, Calvez E, Goarant C, Dupont-Rouzeyrol M. Detection of Zika virus in urine. Emerg Infect Dis. 2015. 21(1):84-6.

•  Faye O, Freire CCM, Iamarino A, Faye O, de Oliveira JVC, Diallo D, Zanotto PM, Sall AA. Molecular Evolution of Zika Virus during Its 

Emergence in the 20th Century. Plos Neglect Trop Dis. 2014: 8 (1): e2636. doi:10.1371/journal.pntd.0002636

•

caught Mosquitoes. 2013 Virol J, Oct 22; 10:311

•  Faye O, Faye O, Dupressoir A, Weidmann M, Ndiaye M, Sall. One-step RT-PCR for detection of Zika virus, J Clin Virol, 2008: 43, 96-101

ACIP

Project ACIP n° 15-2014

Coordinators:  

Institut Pasteur International Network collaboration:

Diagnostic, molecular evolution and vector 
competence of Zika virus in Africa, Asia and the 

THE CONTEXT

THE PROJECT

In November 2015, the 
Brazilian Ministry of Health 
declared a public health 
emergency concerning the 
possible relationship between 
the unusual increase in the 
number of children born with 
microcephaly and the ongoing 
Zika outbreak.

Standardization of Zika 
diagnostic methods taking into 
account various geographical 
origins of Zika virus strains.

This project also involves / involved the participation of external partner(s).



ACIP
Hepatitis E in Cambodia and Vietnam:  
Is it emerging? 

Project ACIP N° 03-2015

Coordinator:

Institut Pasteur International Network collaborators:  

WHAT IS HEPATITIS E?

AVAILABLE DATA ABOUT THE EPIDEMIOLOGY OF THE HEPATITIS E 

THE PROJECT

More than 3 million of acute 
Hepatitis E cases are reported 
each year worldwide.

The Hepatitis E is spread 
through fecal-oral route,  
and mainly through 
contaminated water.

The prevalence of Hepatitis E is 
highest in East and South Asia . 

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

PUBLICATIONS:

•  Matak P, Touati E et al., Myeloid HIF-1 is protective in Helicobacter pylori-mediated gastritis, Journal of immunology, 2015

•  Fernandes J, Touati E et al., Circulating mitochondrial DNA level, a noninvasive biomarker for the early detection of gastric cancer, Cancer 

epidemiology, biomarkers & prevention: a publication of the American Association for Cancer Research, cosponsored by the American 

Society of Preventive Oncology, 2014

•  Correia M, Touati E et al., Crosstalk between Helicobacter pylori and gastric epithelial cells is impaired by docosahexaenoic acid, Plos 

One, 2013

Gastric cancer is the fourth most 
common malignancy and the 
third cause of cancer related-
death worldwide.

Characterization and validation 
of biomarkers to detect earlier 
the presence of gastric cancer 
lesions.

THE CONTEXT

Helicobacter pylori 

THE PROJECT

Project ACIP n° 10-2015

Coordinator:

Institut Pasteur International Network collaborators:  

Biomarkers to identify patients with  
high risk of Gastric cancer

This project also involves / involved the participation of external partner(s).



ACIP
Identify regulators associated with major 
alterations observed in diseased muscle 

Project ACIP n° 13-2015

Coordinator:

Institut Pasteur International Network collaborators:

WHAT ARE MUSCULAR DYSTROPHIES?

DETERMINE THE MOLECULAR PATHWAYS INVOLVED IN MUSCLE HOMEOSTASIS

THE PROJECT

Duchenne Muscular Dystrophy 
is the most common form  
of Muscular Dystrophy.

In the US in 2007, about 15 
out of every 100,000 males ages 
5-24 years were affected by 
Duchenne or Becker muscular 
dystrophy (DBMD).

Today, there is no cure for any 
form of muscular dystrophy.

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

Project ACIP n° 17-2015

Coordinator:

Institut Pasteur International Network collaborators:

Drug discovery to treat the neglected  
area of trypanosomatids

WHAT ARE TRYPANOSOMATIDS?

Trypanosoma 

brucei

disease, caused by Trypanosoma cruzi

Leishmania

A VERY LOW THERAPEUTIC ARSENAL

THE PROJECT

Chagas’ disease and Animal 
Sleeping sickness cause 500,000 
to 1 million deaths annually.

Chagas’ disease, caused by 
Trypanosoma cruzi, is the  
third largest disease burden  
in Latin America.

Leishmaniasis threaten about 
350 million people in 98 
countries or territories in the 
world.

This project also involves / involved the participation of external partner(s).



ACIPderived inhibitors against hepatotropic 
viruses (Dengue, Yellow fever and hepatitis B) 

Project ACIP n° 18-2015

Coordinator:

Institut Pasteur International Network collaborators:

DENGUE, YELLOW FEVER AND HEPATITIS B: HEPATOTROPIC VIRUSES

THE URGENT NEED FOR IDENTIFYING NEW DIRECT-ACTING ANTIVIRALS 

THE PROJECT

Hemorrhagic fevers caused by 
DENV and YFV can be life-
threatening when left untreated.

Although vaccination programs, 
chronic hepatitis B still affects 
350-400 million people 
worldwide.

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP
Characterization of the insecticide susceptibility 
of natural populations of Aedes Aegypti and 
Aedes Albopictus mosquitoes to determine 
mechanisms involved in resistance to 
insecticides

Project ACIP n°22-2015

Coordinator:

Institut Pasteur International Network collaborators:

WHO ARE AEDES AEGYPTI AND AEDES ALBOPICTUS?

Aedes aegypti and Aedes albopictus

THE FIGHT AGAINST THE MOSQUITO VECTORS OF DENGUE AND CHIKUNGUNYA

THE PROJECT

Aedes 

aegepti and Aedes albopictus

Dengue virus infection is a 
serious health problem.  
2.5 billion people wordlwide  
are exposed to dengue virus.

No specific treatment exists to 
defeat dengue or chikungunya.

In 2005, a massive outbreak  
of chikungunya in the island  
of a Reunion affected nearly  
40% of the population.

This project also involves / involved the participation of external partner(s).



ACIP

ARBOVIRUSES IN THE FRENCH TERRITORIES OF THE AMERICAS

Aedes

MOSQUITO BREEDING PLACES

Aedes aegypti

Aedes aegypti

A. aegypti

THE PROJECT

Aedes

Better knowing the environment of the Aedes 
aegypti mosquito’s breeding places,  
in order to better control it

Mosquitoes that spread Zika, 
chikungunya virus bite during 
the day and night.

In April 2015, more than 
1,379,788 chikungunya 
suspected cases had been 
recorded in the Caribbean and 
American continent.

Project ACIP n° 01-2016

Coordinator:

Collaborators from the Institut Pasteur International Network:

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP
Better understanding dengue virus evolution  
to better protect populations

The severe form is unpredictable 
and represents about 1% of 
cases, most often in children 
under 15.

World Health Organization 
estimates 50 million cases 
annually, including 500,000 
cases of haemorrhagic dengue.

DENGUE

Aedes

Aedes aegypti Aedes 

albopictus

EVOLUTION OF THE DENGUE VIRUS

THE PROJECT

in vitro

Project ACIP n° 06-2016 

Coordinator:

Collaborators from the Institut Pasteur International Network:  

This project also involves / involved the participation of external partner(s).



ACIP

Project ACIP n° 22-2016

Coordinator:

Collaborators from the Institut Pasteur International Network:  

WHAT IS HAND, FOOT AND MOUTH DISEASE?

ENTEROVIRUS 71 IN AFRICA 

THE PROJECT

Better understanding the viruses that cause  
hand, foot and mouth disease in order to 
improve its control

Strengthening hygiene is 
important in preventing.

Neurological consequences  
and even death are possible 
in the infant.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

WHAT IS TYPE 2 DIABETE?

WHAT ARE THE FACTORS INVOLVED IN TYPE 2 DIABETE?

Better understand the physiopathological 
mechanism of diabetes and identify biomarkers 
to improve diagnosis and prevention

Project ACIP n° 45-2017

Institut Pasteur International Network collaborators :

This project also involves / involved the participation of external partner(s).

Diabetes represents a growing 
public health problem affecting 
currently 415 million people 
worldwide. 

Diabetes prevalence has been 
rising more rapidly in middle- 
and low-income countries.



THE PROJECT

In 2015, an estimated 1.6 
million deaths were directky 
caused by diabetes.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

LINK BETWEEN METABOLIC DISORDERS AND LIVER DISEASES IN MIDDLE EAST 

AND NORTH AFRICA

metabolic 

diseases

Terminal liver 

diseases

ROLE OF GUT MICROBIOTA ON METABOLIC AND LIVER DISEASES 

THE PROJECT

Better understand the impact of the gut 
microbiota on the liver diseases in order to 
prevent and slow them down

Project ACIP n°57-2017

Institut Pasteur International Network collaborators:  

Obesity and type 2 diabetes 
concern 900 million individuals 
around the world.

Liver cancer causes the death of 
800,000 people each year in the 
world.

This project also involves / involved the participation of external partner(s).

Liver Cancer and Cirrhosis are 
approximately responsible of 
27,000 and 93,000 deaths per 
year in the MENA.



ACIP

WHAT ARE APICOMPLEXA AND TOXOPLASMA GONDII?

The apicomplexa

Toxoplasma gondii . 

CENTROSOME AND CENTRIOLES

THE PROJECT

Characterize structurally and functionally the 
centrosome components of Toxoplasma gondii, 
in order to identify potential novel therapeutic 
targets

Project ACIP n° 76-2017

Institut Pasteur International Network collaborators :  

30–50% of the global population 
has been exposed to and may 
be chronically infected with T. 
gondii.

Each year, it is estimated that 
there are approximately 680 000 
new cases of toxoplasmosis in 
France.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

ACIP

In 2015, 212 million clinical 
cases and 429 000 deaths, most 
of them children living in sub-
Saharan Africa where a child 
dies from malaria every two 
minutes.

Itraconazole is an antifungal 
medication used to treat a 
number of fungal infections.

MALARIA 

-
Plasmodium Plasmodium falciparum and Plasmodium 

vivax 

P. falciparum Anopheles -

-

CURRENT TREATMENTS AND ITS LIMITS

THE PROJECT 

P. falciparum

in vivo

Identify and characterize anti-malarial small 
molecules targeting the key P. falciparum protein 
(pfLDH) that will bring a novel concept for anti-
malarial therapies

Project ACIP n°93-2017

Coordinator:

Institut Pasteur International Network collaborators



ACIP

WHAT ARE ENTEROVIRUSES?

Picornaviridae

TRANSMISSION OF EVS BETWEEN ANIMALS AND HUMANS?

Better understanding the transmission of 
Enteroviruses between animals and humans in 
order to reduce the risk of new emergence

Project ACIP n° 162-2019

Institut Pasteur International Network collaborators:  

* This project also involves / involved the participation of external partner(s).

Millions of people are infected 
worldwide on an annual basis, 
especially infants and children 
under the age of one.

Enterovirus 71 (EV-A71) is a 
virus type commonly associated 
with severe neurological 
complications during hand, foot, 
and mouth disease outbreaks, 
particularly in South-eastern 
Asia.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT

.

Recently, enterovirus D68 (EV-
D68) emerged as the causative 
agent of sporadic but severe 
respiratory disease outbreaks 
across the United States, Asia, 
Africa, and Europe.



ACIP

WHAT IS DENGUE?

Flaviviridae

Aedes aegypti and Aedes albopictus

 

HUMAN IMMUNE SYSTEM AND DENGUE VIRUS

Better understanding the Dengue virus-
mosquito-host interactions in order to develop 
effective antivirals

Project ACIP n° 221-2019

Institut Pasteur International Network collaborators:

* This project also involves / involved the participation of external partner(s).

DENV is endemic in more than 
120 countries around the world.

Over half of the global 
population is at risk for DENV 
infection.
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THE PROJECT

Dengue affects approximately 
400 million people annually, 
with 100 million symptomatic 
cases.



ACIP

WHAT IS MALARIA?

Plasmodium (P. falciparum , P. vivax , P. ovale, P. 

malariae, and P. knowlesi

Plasmodium Anopheles 
Anopheles

REDUCE THE VECTORIAL CAPACITY OF MOSQUITOES

The Asaia Anopheles 
Asaia

rnc

Asaia

Development of a new genetic tool to reduce the 
vectorial capacity of Anopheles mosquitoes in 

Project ACIP n° 253-2019

Institut Pasteur International Network collaborators:

* This project also involves / involved the participation of external partner(s).

Annually, number of reported 
clinical malaria cases is 
approximately 216 million 
causing almost 0.45 million 
deaths every year.

The main groups at risk are 
children under the age of  
5 years, pregnant women and 
non-immune adults.
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THE PROJECT

Asaia

Anopheles

rnc Asaia rnc

Anopheles

semaphorin and Miso



ACIP

WHAT ARE MOSQUITO-BORNE DISEASES?

PREVENT AND LIMIT ARBOVIRUS CLINICAL CASES

Develop a new approach for diagnosis of viral 
infection in mosquitoes in order to detect 

and prevent outbreaks

Project ACIP n° 255-2019

Institut Pasteur International Network collaborators:

About 500 million cases of 
mosquito-borne diseases occur 
annually.

Mosquito bites result in over  
1 million deaths every year. The 
majority of these deaths are due 
to mosquito-borne diseases, most 
prominently malaria.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT



ACIP

WHAT IS ENTEROVIRUS 68? 

Enterovirus and the 
Picornaviridae

ENTEROVIRUS 68 IN AFRICA 

Provide insights to the epidemiologic and 
genetic characteristics of EV-D68 in two sub-
Saharan African countries in order to prevent 
new outbreaks.

Project ACIP n° 275-2019

Institut Pasteur International Network collaborators:  

* This project also involves / involved the participation of external partner(s).

Enteroviruses are very common 
viruses. There are more than 
100 types of enteroviruses 
including EV-D68.

EV-D68 has been associated 
almost exclusively with 
respiratory disease. Though 
EV-D68 usually causes mild to 
severe respiratory illness, the full 
spectrum of EV-D68 illness is 
not well-defined.
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THE PROJECT



ACIP

WHAT IS DENGUE?

Aedes

IMPACT OF DENGUE SEROTYPES REPLACEMENTS ON DENGUE EPIDEMIOLOGY

A better understanding of the determinants of 
the emergence of dengue virus serotypes in 
order to better document risk assessment

Project ACIP n° 281-2019

Institut Pasteur International Network collaborators:

* This project also involves / involved the participation of external partner(s).

WHO estimates that 3.9 billion 
people, in 128 countries, are at 
risk of infection with dengue 
virus.

Approximately 390 million 
dengue infections each year 
worldwide.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT

in vitro 

In New Caledonia, already 3,900 
dengue confirmed cases have 
been notified by the Health 
Authorities since January 2019, 
and two deaths have been 
recorded.



ACIP

WHAT IS HEPATITIS B?

HOW TO ERADICATE THE VIRUS?

in vivo

Understand how cellular nucleases play a crucial 
role in the inhibition of HBV infection to develop 
a new therapeutic strategy

Project ACIP n° 318-2020

Institut Pasteur International Network collaborators:

* This project also involves / involved the participation of external partner(s).

More than 370 million people 
live with chronic hepatitis B 
infection worldwide and over 
600,000 annual deaths.

HBV infection is a major public 
health worldwide, particularly 
in Asia. Indeed in Lao People’s 
Democratic Republic (PDR), 
infections during childhood 
often are not cleared and result 
in chronic HBV, which can 
manifest later as hepatocellular 
carcinoma, with high morbidity 
and mortality. Indeed, Lao PDR 
has one of the highest rates of 
liver cancer in the world.
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THE PROJECT

in vitro

prove in vivo



ACIP

WHAT IS RHEUMATOID ARTHRITIS?

RHEUMATOID ARTHRISTIS AND INFLUENZA INFECTION

are scarce, in vivo

Understand why people with Rheumatoid 

them

Project ACIP n° 328-2020

Institut Pasteur International Network collaborators:

Approximately 1% of the adult 
population worldwide has 
RA, with a reported disease 
incidence of 20-50 new cases 
per 100 000 annually in Europe 
and North America alone.

It is two to three times more 
common in women than in men.
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THE PROJECT

study an in vitro



ACIP

WHAT ARE POLYMYXINS?

RESISTANCE TO POLYMYXINS

by PM resistant Klebsiella pneumoniae KP

Increasead understanding of how mutations 
cause polymyxin resistance to help develop 
molecular methods for detecting resistant 

Project ACIP n° 358-2020

Institut Pasteur International Network collaborators:

* This project also involves / involved the participation of external partner(s).

Antibiotic resistance is one of the 
biggest public health challenges 
of our time.

Antibiotic resistance can affect 
anyone, of any age, in any 
country.
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The number of infections 
caused by antimicrobial resistant 
bacteria is on the rise and there 
are estimates that by 2050 more 
people will die of infections by 
resistant bacteria than due to 
cancer.

THE PROJECT



ACIP

Nearly 50,000 human cases of 
plague were reported to WHO 
by 26 countries between 1990 
to 2015.

WHAT IS PLAGUE? 

Yersinia pestis

HOW TO FIGHT PLAGUE?

Y. pestis 

Synopsyllus fonquerniei

Y. pestis

Y. pestis 

understand the maintenance and emergence of 
bubonic plague in Madagascar

Project ACIP n°363-2020

Institut Pasteur International Network collaborators
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THE PROJECT 

by Y. pestis

Y. pestis

Currently, Madagascar is the 
most affected country in the 
world with 300 to 600 cases 
reported every year. 

The bubonic form represents the 
majority (86%) of reported cases 
in the country.



ACIP

* This project also involves / involved the participation of external partner(s).

Diarrheal disease is the second 
leading cause of death in 
children although it is both 
preventable and treatable.

There are nearly 1,700 million 
cases of childhood diarrheal 
diseases every year.

WHAT ARE DIARRHEAL DISEASES? 

RELATIONSHIP BETWEEN VITAMIN C AND DIARRHEAL DISEASES?

Shigella

Shigella

Vitamin C : a novel diarrhea risk-factor?

Project ACIP n°399-2020

Institut Pasteur International Network collaborators  
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THE PROJECT 

Shigella Vibrio cholerae

Diarrhea kills around 800 000 
children under five every year.



ACIP

To date, the rabies virus 
continues to circulate in 71 
countries with a total population 
of 5.5 B at varying risk of 
contracting rabies.

Each year, dog-mediated rabies 
still causes an estimated 60 000 
human deaths worldwide, with 
95% of cases occurring in Africa 
and Asia. About 40% of deaths 
occur in children under the age 
of 15.

RABIES 

RABIES POST-EXPOSURE PROPHYLAXIS

Demonstrating persitence of immunity after 
abridged intradermal rabies post exposure 
prophylaxis to increase access to vaccination 
for the most vulnerable populations.

Project ACIP n°403-2020

Institut Pasteur International Network collaborators
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THE PROJECT 

An estimated 30 M PEP 
regimens are administered 
worldwide each year.

Rural populations in Asia and 
Africa face daunting obstacles in 
accessing timely and adequate 
PEP.
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Identification of therapeutic naturally-occurring compounds and 
extracts for mitochondrial diseases 
Project ACIP n° 443- 2021 

 

 
 

SCIENTIFIC COORDINATOR 
Dr. Timothy WAI, Mitochondrial Biology Group - Institut Pasteur Paris, 
France 

PASTEUR NETWORK COLLABORATORS 
Dr Honggun LEE - Institut Pasteur Seoul, KOREA 

Dr. Mariko MATSUI- Institut Pasteur Noumea, New-Caledonia 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

` 

KEYWORDS 

Mitochondria, mitochondrial diseases, MD, genetic diseases, drug screening, microalgae, library  
 
 
 
 
 
 
 

  

IS THERE A NATURAL COMPOUND ALREADY PRESENTED IN PASTEURIAN LIBRARIES OR IN MICROALGAE THAT IS 
EFFICIENT AGAINST MITOCHONDRIAL DISEASES ?  

INSTITUT PASTEUR NEW-

CALEDONIA MICROALGAE EXTRACT

Unique collection of 45

microalgae active proteins extracts

INSTITUT PASTEUR 

KOREA COMPOUNDS LIBRARY

2000 natural product isolates to be tested

PHENOTYPIC READOUTS

Mitochondrial morphology
(mitoEGFP) and potential (TMRE), 

cell proliferation (NucBlue)

§ Identification of therapeutic compounds for mitochondrial diseases (MD)

§ Potential impact on neurodegenerative disorders such as Parkinson's Disease and ALS

§ Positive socio-economic impacts including promotion of marine biodiversity and job creation

§ Opportunity to federate and disseminate research expertise and potentially initiate larger, more ambitious

research endeavors across Pasteur Network
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CRISPR/CAS9 AND HELA CELLS

Generation of MD cell models

MITOCHONDRIAL DNA MITOCHONDRIAL DISEASES MICROALGAE: NEW DRUGS?

Generic
animal cell

Mitochondria

• >1500 genes, 37 directly
into DNA located inside
them

• Energy production, 

oxygen metabolism

• Apoptosis and 
cell cycle regulation

Symptoms can vary widely

• Muscle weakness

• Neurological troubles
• Gastrointestinal problems

• Cardiac disfunction

• …

• 45 unique extracts from New-Caledonia Institut 
Pasteur 

• Unexplored potential

• Microalgae have antioxydative properties
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THE MITOCHONDRIAL DISEASES 

Mitochondrial Diseases (MD) are multi-systemic genetic disorders that have 
a population incidence of approximately 1 in 5000, ranking them among the 
most common inherited metabolic disorders and most prevalent rare 
diseases. The genetic basis for MD was described more than 30 years ago 
and today 340 reported disease genes interfere with mitochondrial 
functions. Mitochondria are responsible for generating over 90% of the 
energy needed to sustain life and support organ function and metabolically 
demanding organs. Among those demanding organs, the brain and muscles 
are often the most profoundly affected tissues in patients with mitochondrial 
mutations and clinical manifestations can often overlap with more common 
neurodegenerative diseases including Parkinson’s Disease (PD) and 
Amyotrophic lateral sclerosis (ALS). 

 

NEED TO FIND EFFECTIVE THERAPEUTIC INTERVENTIONS  

There are no cures for MD, and medical interventions are currently aimed 
at alleviating symptoms. While clinical trials are underway, an urgent need 
exists to find effective therapeutic interventions. MDs represent the number 
one form of inherited metabolic disorders, making them one of the most 
common “rare diseases” and therefore the identification of effective 
therapies is wide-reaching. Moreover, the underlying molecular and 
pathophysiological mechanisms of disease that underscore MD 
demonstrate conspicuous and significant overlap with more common 
neurodegenerative disorders, including Parkinson’s Disease and ALS. 
Mitochondrial mutations are causal in the pathogenesis of familial forms of 
PD and ALS. Given these commonalities, therapeutic solutions dedicated 
to mitochondrial disease may hold similar potential for other 
neurodegenerative disorders for which curative inventions are also lacking. 

 

THE PROJECT 

The goal of this project is to identify potential therapeutic compounds that 
can restore the mitochondria's form and function in cellular models of 
mitochondrial disease (MD). The researchers plan to conduct compound 
screens directly in human cells using unique collections of compounds and 
extracts curated by partners in Korea (IPK) and New Caledonia (IPNC). The 
IPK partnership will provide a library of natural product isolates, including 
flavonoids, which have been reported to have preventive actions against 
oxidative stress and mitochondrial dysfunction-associated pathologies. The 
IPNC partnership will provide access to a collection of 45 pharmacologically 
active marine microalgae extracts derived from strains collected and 
established in the New Caledonian lagoon. The project will identify 
promising therapeutic targets for treating mitochondrial dysfunction in 
human cell models of disease. 

More than 300 
mitochondrial diseases 
have been identified.  

Mitochondrial diseases can 
present with a wide range 
of symptoms and severity, 
including muscle weakness, 
seizures, developmental 
delays, vision and hearing 
loss, and organ failure… 
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Project ACIP n° 445- 2021 

 

 
 

SCIENTIFIC COORDINATOR 
Dr. Soanandrasana RAHELINIRINA, Laboratory of leptospires- Institut 

Pasteur Tananarive, Madagascar 

PASTEUR NETWORK COLLABORATORS 
Dr. Stephane KOFFI- Institut Pasteur Abidjan, Côte d’Ivoire 

Dr Pascale BOURHY - Institut Pasteur Paris, France 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

` 

KEYWORDS 

Leptospires, leptospira, leptospirosis, one health, livestock, epidemiology, environment, rodents, 
screening, mapping, environment, One Health, sequencing, Leptospira interrogans 
 
 
 
 
 
 
 

  

WHAT IS THE CURRENT MODEL OF TRANSMISSION OF LEPTOSPIROSIS IN POPULATIONS EXPOSED?

THEMATIC MAPPING

Geolocaliation of samples

PCR AND ELISA SCREENING

SEROPREVALENCE AND MAT*

Detection of Leptospirosis in samples

*Micro Agglutination Test

SEQUENCING

Identification of circulating
leptospirosis strains

§ Complementary insight on the status of Leptospira in humans in a comprehensive One Health approach

§ A better understanding of transmission and maintenance of Leptospira

§ Improved knowledge of risk factors and leptospirosis transmission mechanisms

§ Establishment of collaboration and network building within the Pasteur Network
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HUMAN, LIFETOCK, RODENTS, 

WATER AND SOIL SAMPLING

From Côte d’Ivoire 

and Madagascar

LEPTOSPIROSIS IMPACT ON HUMAN HEALTH STRAINS LACK OF DATA

• 1 million cases / year

• 58 900 deaths / year

• Highest prevalences in tropical and 
subtropical regions but present

• Main symptoms: jaundice, muscle 

aches, headache, fever, vomiting…

• 64 strains

• 2 clades 
(Pathogenic P and saprophytic S)

• Pathogenic strains infect 150 different

mammalian species

• Human pathology is poorly studied

• Lack of Leptospira serotypes in Africa

• Madagascar and Côte d’Ivoire are 
particularly at risk

• No data about the environment and

leptospirosis interrelationship

A    C T G G    G C    A 

Assessment of prevalence of Leptospira spp and 

interaction between environment, animals and human 

leptospirosis in periurban areas in Africa
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THE LEPTOSPIROSIS 

Le Leptospirosis is a worldwide bacterial zoonosis caused by Leptospira 
spirochetes. Humans may contract the disease via direct contact with 
contaminated urine or tissues of infected animals, or indirectly through 
contaminated soil and water. Leptospira infect animals through skin rashes 
or mucous membranes. The severity of symptoms varies based on the 
infection phase, serovar, infectious dose, and host factors. There are 64 
phylogenetically defined Leptospira species, categorized into P 
(pathogenic) and S (saprophytic) clades. P1 subclades are pathogenic to 
both humans and animals, while P2 induces mild symptoms. Pathogenic 
leptospires have been detected in over 150 mammalian species, with 
asymptomatic infection in rodents, cattle, and pigs. Workers in rice fields, 
irrigated gardens, abattoirs, and veterinarians are at high risk of contracting 
leptospirosis, which is also prevalent in urban slums with poor sanitary and 
socioeconomic conditions. 

 

LEPTOSPIROSIS SURVEILLANCE IN AFRICA 

Leptospirosis is a neglected disease in Africa and is likely under-reported in 
Madagascar and Côte d’Ivoire due to favorable conditions for Leptospira 
transmission, including climatic, socioeconomic, agricultural activities, and 
animal husbandry. Rice production is a long-standing tradition in both rural 
and urban areas of Madagascar and Côte d’Ivoire to ensure local food 
security. Previous studies have revealed a high prevalence of pathogenic 
Leptospira in small mammal and livestock populations in both rural and 
urban areas of these countries. These findings suggest a high risk of 
leptospirosis transmission to humans. However, human prevalence remains 
unknown, and risk factors for leptospirosis infection require further 
investigation. 

 

THE PROJECT 

The project is divided into three aims. First,it will evaluate the prevalence of 
leptospirosis in periurban areas of Madagascar and Côte d'Ivoire. In a 
second time, researcher will determine and compare the presence of 
Leptospira spp in water and soil environments under various environmental 
and physico-chemical conditions in relation to urban slum contexts. Then, 
the project will highlight the epidemiology of leptospirosis and identify risk 
factors associated with human exposure to environmental waters and soils. 
 
This project has the objective to provide valuable insight into the status of 
Leptospira, transmission and maintenance of the pathogen, and the 
associated risks to human populations. The findings from this project will 
help in better controlling the risk of infection and protecting human health. 

Approximately one million 
human cases and 58,900 
deaths are reported 
annually with the 
prevalence being highest 
in the tropics, especially 
during the rainy season. 

Leptospires are expected to 
be one of these bacterial 
candidates contaminating 
urban waters. 
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Myosins-Usher2 proteins Complexes in hearing Loss  
Project ACIP n°485-2021 

 

 
 

SCIENTIFIC COORDINATOR 
Dr. Célia CAILLET-SAGUY, Unit Channel Receptors- Institut Pasteur 
Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Hicham CHAROUTE- Institut Pasteur Institut Pasteur Casablanca, 
Marocco 
Dr. Stefano GIANNI - Institut Pasteur Roma, Italy 

 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

 

` 

KEYWORDS 

Ears, genetic disease, Usher2 syndrome, cilia, hearing loss, myosins, ADGRV1, PDZD7, whirlin, 
biophysics, X-ray crystallography, , Nuclear Magnetic Resonance,  
 

 

  

HOW MUTATIONS LEADING TO USHER SYNDROME IMPACT USH  PROTEINS INTERACTIONS AND FOLDING ?

BIOPHYSICS
Test the mutations impact on proteins

folding and binding

GENETIC SCREENING
To create a cohort of patients and identify

new causal mutations

INTEGRATIVE STRUCTURAL
BIOLOGY

Combination of NMR, X-ray, crystallography and 

SAXS to assess multidomain-protein dynamic

§ Skills building and sharing among the consortium, specific PhD recruitment

§ New causal mutation data for diagnostic

§ Rational design targeting PDZ-containing proteins for therapeutic purposes
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PROTEINS DOMAIN CLONING
To product and purify proteins complexes

of interest

USHER SYNDROME (USH) DEAFNESS IN USHER 2 SYNDROME USH PROTEINS: STILL A POORLY 
UNDERSTOOD COMPLEX

Transformed

E.Coli

Protein of 

interest

Production

A    C T G G    G C    A 

Cochlea

Hearing cilia are fragilized as 
linkage proteins are mutated

HEARING LOSS
VISION DEGENERATION

Normal 
hearing

USH

Normal
cilia

§ Genetic disease: 3 forms depending on 
the symptoms (USH1, USH2 and USH3)

§ 1st cause of blindness combined

with deafness in the world

§ 1/6000 births affected

Anckle complex Usher 2 proteins
Usherin, ADGRV1 WHRN, PDZD7 
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USHER SYNDROME 

Usher syndrome (USH) is a genetic disorder that affects both hearing and 
vision and is characterized by congenital hearing loss and progressive 
visual impairment. USH affects around 1 in 25,000 people worldwide. 
There are three types of USH, distinguished by the severity of hearing loss, 
the presence or absence of balance impairment, and the age of onset of 
symptoms. USH2 is the most common type, accounting for more than 
50% of cases in Europe and North America. Individuals with USH2 are born 
hard of hearing and gradually lose their vision over time. In healthy 
individuals, cochlear sensory cells in the inner ear have hair bundles 
composed of regular stereocilia that transform sound vibrations into nerve 
impulses. In USH2 individuals, these hair bundles are disorganized and 
tangled, leading to sensory cell dysfunction.  
 

USHER PROTEINS GROUP!

The USH2 disease affects the Usher group of proteins that plays a crucial 
role in the development of hair cells in the ear, which are responsible for 
hearing and balance. Four specific proteins - WHRN, PDZD7, Usherin, and 
ADGRV1 - form a complex that contributes to the formation of ankle links 
that connect the stereocilia, which are essential for proper hearing and 
balance function. Myosin motor proteins Myo7A and Myo15A help localize 
these proteins and connect them to the actin cytoskeleton. Usher proteins 
contain numerous protein-protein interaction domains necessary to the 
intricacy of the network, but the network’s assembly remains elusive, thus 
leaving the effect of mutations detected in patients to speculation. 
 

 

THE PROJECT 

This project aims to understand the molecular organization of WHRN, 
PDZD7 proteins and how they interact with Myosins 7A and 15A. The 
researchers will use structural approaches such as Small-angle X-ray 
scattering (SAXS) , Nuclear Magnetic Resonance (NMR), and X-ray 
diffraction to study the formation of complexes between these proteins. 
Additionally, they will investigate pathogenic mutations in the protein 
sequences, particularly missense mutations, and determine how they affect 
protein folding, conformation, and interactions. Overall, this research will 
help to better understand the USH2 disease and may lead to new 
treatments or therapies for individuals affected by it. 
 

Usher syndrome is 
responsible of 3-6% of 
congenital deafness 
worldwide 
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Avian arbovirus testing, transmission analysis, and risk mapping 
Project ACIP n° 489- 2021 

 

 
 

SCIENTIFIC COORDINATOR 
Dr. Jessica VANHOMWEGEN, Environment and Infectious Risks Unit - 
Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Nolwenn JOUVENET - Institut Pasteur Paris, FRANCE 
Dr. Edison Luiz DURIGON- Institut Pasteur Sao Paulo, BRAZIL 
Dr. Anne LAVERGNE- Institut Pasteur Conakry, FRENCH-GUYNEA 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

` 

KEYWORDS 

Virus, arbovirus, avian, bird, surveillance, diagnostic tool, serology, serosurvey, reservoir, vector, 
modeling, simulation, biomarkers, mapping 
 
 
 
 
 
 
 

  

IS IT POSSIBLE TO ENHANCE THE SURVEILLANCE OF ARBOVIRUSES EMERGENCE ?

SEROLOGICAL SCREENING 

OF ANTIBODIES AGAINST 

ARBOVIRUSES

COLLECTION OF SERUM

IN BRAZILIAN AND FRENCH-GUNAYAN 

AVIAN POPULATIONS 

ECO-EPIDEMIOLOGICAL 

ANALYSIS OF THE BIRD-BORNE 

RISK OF ARBOVIRUS 

CIRCULATION

§ Train of the different Pasteur Network teams involved to use serological tools for screening biobanks

§ Generation of massive amounts of information and maximization of the usage of samples

§ Generation of a detailed snapshot of the circulation of arboviruses in the region

The serological tool is highly flexible and adaptable for a number of arboviral illnesses
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OPTIMISATION OF MULTIPLEX 

ARBOVIRUS IMMUNOASSAYS

FOR AVIAN SAMPLES

ARBOVIRUS: EPIDEMICS EMERGENCE BIRDS AS VECTORS
BRAZIL AND FRENCH GUINEA 

EXPOSITION

• Viruses carried by blood-sucking arthropods: 
ticks, mosquitoes, sandflies…

• More than 500 viruses: Dengue, Zika, 

Chikungunya, Yellow Fever…

Migratory birds species
and resident avians

contaminate each other, 

allowing long distance 

virus circulation 

Huge avifauna
(1837 species in 

Brazil, 700 in 

French Guiana)

Brutal 
changes in 

reservoir

species habitats  

Proximity between
humans and wild life
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ARBOVIRUSES BURDEN 

Arboviruses are a global health concern, causing epidemics in previously 
unaffected regions. They can cause a range of symptoms, including fever, 
headaches, muscle and joint pain, rash, and gastrointestinal problems. 
More severe symptoms, such as polyarthralgia or arthritis, and neurological 
complications like encephalitis, can also occur. Wildlife, especially birds, 
can carry arboviruses and act as reservoirs or hosts, leading to infections in 
mammals, including humans. Several mosquito-borne viruses, such as 
West Nile, Usutu, Ilheus, Rocio, Saint Louis encephalitis, Oropouche, 
Mayaro, Tonate, Eastern, Western, and Venezuelan equine encephalitis, 
are now emerging in South America. 

 

 IMPORTANCE OF SEROLOGIC SURVEILLANCE OF BOTH 

RESIDENT AND MIGRATORY BIRDS 

Avian arboviruses can spread easily from animals to humans, 
raising concerns about the possibility of these viruses emerging or 
re-emerging in human populations. Brazil and French Guiana are 
home to a diverse range of avian species, including migratory birds 
that follow well-known migration routes. Long-distance spillover of 
avian viruses has been linked to bird dispersal. In situations where 
the mosquito-to-bird ratio is low, direct contact between migratory 
and resident birds is likely responsible for virus transmission. 
Therefore, monitoring both resident and migratory birds through 
serological surveillance is crucial to identify potential reservoir 
species and transmission hot spots. 

THE PROJECT 

This project aims to enhance understanding, surveillance, prevention, and 
control of emerging infectious diseases from avian reservoirs. This project 
hypothesizes that arboviruses with avian reservoirs will emerge due to local 
determinants such as habitat modifications and changes in the community 
structure of reservoir species. Researchers will combine an innovative 
serological test with virus sampling from avian reservoirs and spatial 
statistics to further advance the field of zoonotic arboviruses. 
 
The project addresses scientific and technical barriers that have hindered 
research on avian arboviruses. Specifically, a test will be developed to be 
adapted to small volumes of bird serum and combine various detection 
approaches in a single assay, providing an easy, reliable, rapid, and precise 
detection of viral strains in the avian context. 
 
The project involves screening many avian species from the field. Data 
collected by serosurveys will help predict the risk of arbovirus transmission 
among wild birds and identify regions that could be prone to outbreaks. 

No human vaccine or 
treatment exist for these 
viral illnesses. 

This avian diversity of 
Brazil and French Guiana 
provides a great 
opportunity to investigate 
emergence and spread of 
avian-borne viral diseases 
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PROJECT SUMMARY 
 

 

 

 

KEYWORDS 

SARS-CoV-2, COVID-19, virus, catecholamine, L-Dopa decarboxylase (DDC), hypoxia, HIF signaling, 
oxidative stress, ROS, drug screening, host pathogen interaction, antimicrobial resistance 
 
 

  

HOW TO UPGRADE THE COVID-19 PROGNOSIS AND THERAPY THROUGH ITS LINK WITH CELL 
CATECHOLAMINE BIOSYNTHESIS / METABOLISM AND HYPOXIA SIGNALING

PATIENTS’S SNPS and genes expression
MEASURE OF CATECHOLAMINE LEVEL

§ Better understanding of the SARS-CoV-2 infection consequences on humans

§ New candidate treatments targetting Catecholamine biosynthesis and HIF signaling

§ Identification of COVID-19 prognostic markers

§ New potential personnalized medicine target
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NASOPHARYNGIAL / BLOOD SAMPLING 

measure of viral load

Identification of 
SARS-CoV-2 STRAINS CELL INFECTION with different

virus strains

DRUG TESTS

COVID-19

619M

CASES

6.55M

DEATHS

(Oct. 2022)

RNA CORONA VIRUS

SARS-CoV-2 VARIANTS 

(Omicron dominant) 

13 VACCINES DEVELOPPED  

(At least)

5 ANTI-SARS-COV-2 

MONOCLONAL ANTIBODIES 

1 efficient against Omicron

2 ANTIVIRAL AGENTS

ESCAPING MUTANTS 

NEED FOR MORE 

PATIENT-FOCUSED TREATMENTS

HYPOXIA SIGNALING  

(HIF)
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THE DISEASE 

 
The coronavirus SARS-CoV-2 causes the COVID-19 disease. 
Most people with COVID-19 have mild or moderate symptoms and 
will recover without special treatment. But in some cases, patients 
have more severe symptoms that will require medical attention. 
Indeed, symptoms vary from fever, dry cough and dyspnea to acute 
pneumonia or even neurological manifestations. The virus is 
identified since late 2019, but the mechanisms underlying virus-
host interactions remain largely unknown. 

FOCUS ON THE TOPIC!

To date, at least 13 vaccines have been developed, but vaccine-
escaping mutants are emerging. Regarding treatments, five anti-
SARS-CoV-2 monoclonal antibodies have been developed and only 
one of them is effective against the current dominant variant of the 
virus (Omicron). There is an urgent need to develop new 
therapeutic strategies against SARS-CoV-2. For this purpose, new 
knowledges of the virus-host interaction are required to develop 
efficient treatments.  
About this, teams of this project have previously demonstrated that 
COVID-19 severity is inversely related to a key factor of 
catecholamine biosynthesis in human cells, which is regulated by 
hypoxia signaling, determinant for immune mechanisms and cell 
death. Interestingly, catecholamines deregulation implies 

hypertension, cardiovascular disease, immune dysregulation… 
However, these symptoms may arise in case of severe COVID-19 
disease. These observations allow the teams to propose the 
analysis of the link between SARS-CoV-2 infection, 
catecholamine biosynthesis/metabolism and cell’s reaction to 
hypoxia as a potential avenue of exploration for therapeutic 
purposes. 

THE PROJECT 

To understand the different degrees of pathogenicity of SARS-CoV-
2 strains, the teams will analyze the impact of different strains on 
catecholamines biosynthesis/metabolism and cell’s reaction to 
hypoxia. The project involves samples from patients with no 
comorbidities to study the correlation of (1) their viral load and (2) 
virus-induced symptoms with the above (3) cellular processes. 
Patients and viruses will be analyzed to identify genetic variations 
that may explain the pathogenicity of the viruses and the 
dysregulation of catecholamine biosynthesis/metabolism in patients. 
A complementary proteomics approach will be performed in a cell 
model infected with SARS-CoV-2 to further identify mechanisms 
linking catecholamine biosynthesis/metabolism with viral 
infection and virus-mediated cell death. In addition, the project 
will test FDA-approved drugs that target catecholamine 
metabolism or hypoxia signaling to assess their impact on SARS-
CoV-2 replication, thus opening the door to new therapeutic 
approaches. 
 

COVID-19 counts 383 
millions of confirmed cases 
and 6 million deaths 

Catecholamines are 
notably regulators of blood 
circulation and pressure. 
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PROJECT SUMMARY 
 

 

 

 

 

 

 
 

 

KEYWORDS 

Chagas disease, American trypanosomiasis, Trypanosoma cruzi, triatomine, chronic-phase, acute 
phase, parasite, host-parasite, gastrointestinal tract, intestinal epithelium, colon, organoid, mini-gut, 
cell culture, microscopy, flow cytometry, macrophage, fibroblast, reservoir, drug resistance, pathogen 
persistence. 
 
 
 
 

WHAT IS THE ROLE OF INTESTINAL TISSUE DURING CHRONIC AND ORAL INFECTION BY THE PATHOGEN?

Blabla

CELL INFECTION

with fluorescent T. cruzi strain

§ Creation of a valuable model to investigate host-T. cruzi interaction

§ Build knowledges about T. cruzi persistence, drug resistance and tropism in the gastrointestinal tract

§ First organoid-based study addressing the role of immune cells and fibroblasts in disease´s pathology

§ Diffusion through the Institut Pasteur Network of organoid co-culture skills
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THE CHAGAS´ DISEASE 

(CD) is caused by the 
parasite Trypanosoma cruzi

7M INFECTED PEOPLE 

worldwide

MORTALITY RATE

10,000 people per year

Trypanosoma cruzi

(T. cruzi)

FOOD-BORNE 

TRANSMISSION

leads to more severe

symptoms (heart failure…)

NO EFFECTIVE 

TREATMENT 

For the chronic phase 

of the disease

GASTROINTESTINAL TRACT

Key site for T. cruzi persistence, 
drug resistance

and chronic affection 

INTESTINAL EPITHELIUM AND 

T. cruzi INTERACTIONS 

are unknown

INTESTINAL ORGANOIDS

and derived CO-CULTURES

with macrophage or fibroblast

CONFOCAL MICROSCOPY 

AND FLOW CYTOMETRY

ORGANOIDS

VIABILITY AND 

PROLIFERATION ASSAYS
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CHAGAS DISEASE 

Chagas disease (CD), also known as American trypanosomiasis, is a 
zoonotic and life-threatening tropical illness caused by the parasite 
Trypanosoma cruzi. Human transmission can be congenital, food-borne, 
made by insect bite, blood transfusion or organ transplant for instance. CD 
is characterized by a first acute phase with mild, unspecific or absent 
symptoms and may continue in a chronic phase with serious 
complications, such as  cardiac dysfunction (30% of the cases), digestive 
and/or neurological alterations (10%). Oral infections are reported as the 
route leading to the more severe form of the disease. On the other hand, 
parasites colonizing the colon contribute to persitance and drug 
resistance. However the physiopathological mechanisms behind these 
manifestations remain unknown. To date, there are two drugs  available 
against CD acute phase: Benznidazole and Nifurtimox. But there is no 
specific treatment for the chronic phase.  
 
 

FOCUS ON THE TOPIC 

The cellular mechanisms driving the colonization of the vertebrates 
intestine remain poorly understood. So far, in oral transmission and 
chronic CD, the intestinal tissue appears to have a key role. But the way 
the parasite persists in the host is still an unsolved question. This 
situation is partly due to the lack of relevant models for such an analysis. 
In this context, the organoids can be a game changer. Indeed, the 
development of intestinal organoids (“mini-guts”) offers a potent and 
relevant, in vitro model to study host-parasite interaction within a more 
physiological context. 

 

THE PROJECT 

By using intestinal organoids (aka “mini-guts”) and derived cell co-
cultures, the project will provide insights on the involvement of intestinal 
and organ-related cells on the chronic phase and oral transmission of CD. 
 
T. cruzi location preferences will be assessed by infecting organoids 
from different intestinal regions with fluorescent-reporter T. cruzi strains 
associated with oral outbreaks and with chronic affection of intestinal 
tissue. Parasite proliferation and cell-specific tropism, as well as the 
integrity of the mini-guts will be analyzed by microscopy, biochemical and 
molecular techniques.   
 
The role of immune and stroma cells of the intestinal tissue on T. 
cruzi infection, will be evaluated using co-culture protocols. Mini-guts 
derived cells will be seeded on a monolayer and co-cultured with 
macrophages or fibroblasts. Immune inflammatory response states will be 
assayed by measuring the presence of inflammatory molecules produced 
by the infected cells in the culture media. Also, the capacity of the parasite 
to cross these cells´ barriers for invading organoid cells will be assessed 
by performing trans-well infection assays and microscopy observations.   

 
 
 
 

Chagas Disease is endemic in 
21 countries of continental 
Latin America. 

Around 7M people are 
infected by Chagas disease 
worldwide with a mortality 
rate over 10,000 deaths per 
year. 
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PROJECT SUMMARY 
 

 

 

 

 

 

 

 

KEYWORDS 

Antimony sensitivity, cutaneous leishmaniasis, cytokine, oxidative stress, Nrf2/Keap1, relapsing, 
parasite, adaptation, treatment resistance, macrophage, Leishmania major, HTseq 
  
 
 

HOW HOST’S OXYDATIVE STRESS RESPONSE DRIVES PARASITE EVOLUTION AND TREATMENT RELAPSE?

DNA/RNA SEQUENCING/ GENOTYPING
(oxydative stress enzyme polymorphisms)

Measure Oxydative stress enzyme activity

CYTOKINE ELISA ASSAY

LEISHMANIA ISOLATION 
AND CULTURE

from patients sampling

PARASITE STRAINS 
USCEPTIBILITY TO DRUGS

DNA/RNA Sequencing

Transcriptome

§ First study on Leishmaniasis drug resistance with sampling directly from patients

§ Comprehension of Leishmaniasis mecanisms antimony treatment resistance

§ New genomic and transcriptomic knowledges on Leishmaniasis

§ Identification of marker of drug resistance: new guideline for healthcare system 
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PATIENTS BLOOD AND LESION 
SCRATCHING

Before and after treatment

GEOGRAPHICAL DISTRIBUTION OF 
CUTANEOUS LEISHMANIASIS

LEISHMANIA CYCLE OF LIFE 

Sandfly

Leishmania
Promastigote

Leishmania
Amastigote

Leishmania
development in 
macrophages

Immune response 
and Chemotherapy

Pentavalent antimony
Macrophages 

Oxydative stress

Inflammation…

1% OF PATIENTS SUFFER FROM 
RELAPSE AFTER TREATMENT

§ Caused by protozoa Leishmania
§ 1.2M new cases in the last 5 years
§ Skin ulcers, life-long scars, serious

disability and stigma

Reservoir
macrophage
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THE LEISHMANIASIS DISEASE 

 

Leishmaniasis is caused by protozoa parasites from the Leishmania 
specie. It is transmitted to mammals (humans included) by female sand flies 
vector, injecting the parasite as they feed on their blood. The macrophages 
(cells of the immune system) capture the parasite, which continue its 
development into the cell and will provoke symptoms depending on where 
the host macrophage location in the body when the parasite is fully develop.  
 
There are 3 forms of the disease: visceral (VL), which is the most severe 
and lead to death in 95% of the cases if left untreated, mucocutaneous 
one leading to a partial or total destruction of mucous membranes of nose, 
mouth and throat; and the cutaneous form (CL), the most common which 
causes skin lesions, ulcers, life-long scars and serious disabilities and 
sigma. 
 

 

CUTANEOUS LEISHMANIASIS AND DRUG RESISTANCE!

Cutaneous leishmaniasis can be treated thanks to pentavalent antimony 
compounds (SbV) if the host immune system is healthy. However, 
unnegligeable number of unresponsiveness to the treatment and 
relapses cases are a major problem encountered in endemic countries. 
Nevertheless, mechanisms involved in treatment failures remain poorly 
known, which risks selecting a drug-resistant parasite strain. Several factors 
can be involved in the parasite drug resistance, such as an impaired host 
immune response, host sensitivity to different parasite strains or drugs… 

 
 

THE PROJECT 

The project aims to understand the mechanisms involved in 
Leishmaniasis antimony treatment resistance, with a focus on the 
impact of immune oxidative stress response regulation. This will be the 
first time such an assay will be driven directly from patients sampling 
in endemic regions (Tunisia and Algeria). Parasite will be isolated directly 
from skin lesions scratch and patients’ blood.  Both parasite and patients’ 
blood DNA and RNA will be analyzed before and after treatment to identify 
parasite adaptations and patients’ cells oxidative stress. This project 
emphases the importance of skills and knowledges sharing through the IPIN 
thanks to final cooperative workshop to be able to link together omics and 
enzymatic studies results with drug resistance observed on the field. 
Altogether, this project’s results will highlight new knowledges on 
Leishmaniasis pathological mechanisms, bringing better adapted treatment 
and patients care. 

 

In 2020, 85% of cases 
covered 10 countries, 
Algeria and Tunisia 
included, where the disease 
is endemic 

In the last 5 years 1.2M 
new cases of CL occurred, 
with near 1% of relapses 
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PROJECT SUMMARY 

The use of animal model is applied in accordance with regulatory requirements, the "3 Rs" rule described in Directive 

2010/63/EU. 

 
 

 

` 

KEYWORDS 

Anthropozoonosis, Angiostrongylus cantonensis, Achatica fulica, parasite, cytB, cytC, oxidase subunit 1, rats, 
rodents, international, global phylogeny, mitochondrial 16S rRNA 

 

WHAT ARE THE ORIGINS OF ANGIOSTRONGYLUS CANTONENSIS AND ITS WAY OF INTRODUCTION 
IN FRENCH DEPARTMENTS OF AMERICA (FDA) AND AFRICA? 

DNA EXTRACTION AND ANALYSIS 

of cyt B, cyt C oxydase sub unit 1 genes
DISSECTION OF 

COLLECTED HOSTS

PHYLOGENY  OF 

A.  CANTONENSIS

§ Determine A.cantonensis prevalence in intermediate and definitive hosts 

§ Description of A.cantonensis phylogeny

§ Description of the A.fulicula diversity

§ Comprehension of A.fulicula role in the introduction of A.cantonensis
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INTERMEDIATE AND DEFINITIVE 

HOSTS COLLECTION

A    C T G G    G C    A 

NERVE ANGIOSTRONGYLOSIS

• Eosinophilic meningitis

• Encephalitis/encephalo-myelitis

• Fever,  gastrointestinal inflammation

• Occular invasion

La
rva

e

A
d

u
lt
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rm

A. CANTONENSIS 

LIFE CYCLE

ENDEMIC 

REGIONS

Achatina fulica

Rodents

(mainly rats)

Caused by nematode

Angiostrongylus

cantonensis
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A. CANTONENSIS AND NERVE ANGIOSTRONGYLOSIS 

 

The nematode Angiostrongylus cantonensis is a parasite of rats (rat 
lung worm). The adult female parasite lays eggs in rats, which excrete 
larvae in their feces. Larvae are taken up by intermediate hosts (land 
snails such as Achatina fulica and slugs) and by paratenic hosts (prawns, 
frogs, or toads) that can transmit the infection to humans. Human 
infection is acquired through ingestion of raw or undercooked 
contaminated intermediate or paratenic hosts. Infection causes Nerve 
Angiostrongylosis including neurologic manifestations such as 
eosinophilic meningitis and encephalitis/encephalomyelitis, with fever, 
vomiting, and ocular invasion. Most of the time, patients have a self-
limiting infection and recover completely, but some cases may be fatal, 
especially in young children. 
 

THE QUESTION OF A.CANTONENSIS SPREADING!

A. cantonensis was firstly described in Guangzhou (Canton), China, in 
1935 and the first human case of Nerve Angiostrongyliasis has been 
exposed in Taiwan in 1945. The parasite is endemic in different regions 
such as Southeast Asia, Pacific Islands, Indian Ocean Islands, the Greater 
Antilles, Ivory Coast, south states in the USA, French Departments of 
America (FDA)… Due to a lack of data on the A. cantonensis genomic 
sequences, the history of the dissemination of the parasite through 
the different continents, and the actual role of potential hosts is still 
unclear.  

 

THE PROJECT 

The aim of the project is to determine the origin of the parasite and its 
way of introduction in French Departments of America and in Africa.  
To do so, the project brings together Pasteur Institutes from Africa, 
Madagascar, Asia-Pacific and FDA. The teams will assess the prevalence 
of the contaminated hosts in their regions and isolate DNA from host and 
parasites picked on the field.  
 
Then, the project will build the phylogeny of the parasite strains to 
elucidate their dissemination history and the role of the host A. fulica. The 
strategy of this project is based on the skills sharing through 
workshops on rats lungs and snail mantle dissection for a good DNA 
isolation. There will also be workshops on the specific DNA isolation and 
sequencing of (1) the parasite (exploring cytB and cytC oxydase subunit 1 
genes) and (2) its major intermediate host, A. fulica (using mitochondrial 
16S rRNA gene).  
After this project, all the institutes will be able to diagnose Nerve 
Angiostrongylosis which will be helpful to guide clinicians in the 
management of cases of eosinophilic meningitis. Moreover, the 
collection of micromammals used for this project could serve 
subsequently to assess the presence of parasites and especially other 
species of Angiostrongylus, using 18S rRNA gene metabarcoding of rat 
feces. This strategy would be a way to limit epidemic as it would be robust 
to detect various parasites' presence in host. 
 
This kind of cooperative approach is one of the main assets of Institut 
Pasteur International Network, bringing together human forces and 
facilitating scientific knowledge and skills sharing to answer global 
question. 

 

In rare cases, infection by A. 

cantonensis leads to a strong 
inflammatory reaction 
which causes permanent 
motor and respiratory 
systems paralysis 

The first case of 
Angiostrongyliasis in FDA 
was detected in the very 
end of 1990’s. 
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PROJECT SUMMARY 
The use of animal model is applied in accordance with regulatory requirements, the "3 Rs" rule described in Directive 
2010/63/EU. 
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hemorrhagic fever, SARS-CoV-2, Zika virus, SIRPA, immune response, TLR, macrophage 
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THE DISEASES 

 

Different RNA viruses,  belonging to unrelated viral families, are the causes 
of human epidemics. Among those viruses, the arenavirus Junín (JUNV), 

causes the Argentinian Hemorrhagic Fever (fatality rate » 30%); Zika virus 
(ZIKV) and Dengue virus (DENV), flaviviruses are responsible for potentially 
life-threatening diseases (Zika and Dengue Fevers) infecting millions of 
people per year; Ebola virus (EBOV), a filovirus causes the Ebola disease, 
with a fatality rate of 70%; and the coronavirus SARS-CoV-2, is responsible 

for COVID-19 disease with 400 million cases and a fatality rate » 1.5%. 
Current vaccines and treatments for these diseases, when existing, are 
challenged by virus variants escaping. In some cases, current treatments 
may have serious side effects. Even if they are remarkably different,  those 
viruses have a common point: they provoke inflammatory response that 
may lead to severe cellular and tissue damages. 
 

FOCUS ON THE TOPIC!

Virus-induced inflammation involves the production of specific molecules: 
chemokines and cytokines. They help the infected organism to eliminate the 
virus. This phenomenon is highly regulated and usually does not cause 
damage to the infected individual. Indeed, mammals acquired robust 
controlled pathways of their immune response, involving multiple negative 
regulators. Among them, the protein SIRPA (Signal-regulatory protein 
alpha) is a key actor of the fine-tuned coordination of the immune response 
that also decreases the viruses' ability to enter human cells. However, the 
mechanisms driving the activation of SIRPA are unknown. 

 

THE PROJECT 

The project aims to better understand how SIRPA acts against viral 
infections. First, the consortium will investigate how SIRPA is activated 
by different viral infections in human and mouse immune cell models 
(macrophages mainly). In a second step, the project will explore the 
antiviral mechanism of SIRPA. The teams will analyze its impact on the 
production of key actors of the inflammatory response (cytokines) by 
macrophages. In addition, using a mouse model, the consortium will 
investigate how SIRPA protein modulates the inflammatory response 
upon recognition of viral infection. 
Together, the results of this project will provide new informations on the 
actors and signaling pathways involved in the limitation of viral infections. 
They will also open new avenues for the development of antiviral therapies, 
which are essential to limit future viral epidemics. 
 

 

Fitness-enhancing 
mutations arised within a 
few months of the 
evolution of SARS-CoV-2 
within the human 
population 

As an inhibitor of the 
immune system, SIRPA 
has also a key role in self-
recognition phenomenon 
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KEYWORDS 

Genetic, genetic of population, sequencing, Latin Americans, admixed population, low pass sequencing, 
LPS, human trait, ancestry, history, representation, algorithm, population characterization, variant traits  
 

` 

IS LOW PASS SEQUENCING A SOLUTION FOR AN AFFORDABLE GENOME SEQUENCING OF ADMIXED POPULATIONS ?

LOW PASS GENOME 

SEQUENCING

ALGORITHM IMPLEMENTATION

with reduced cohort of 

highly covered genome sequencing

§ New affordable sequencing guidelines for underrepresented population in genomic studies

§ Better understanding of uruguayan’s specific genomic traits

§ New highlight on Uruguay ancestry history

§ Better implementation of South American genomic in global data bases

§ Better interpretation of specific variants involved in diseases in south-american populations 
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BLOOD SAMPLING of ≃ 850 people 

representative of Uruguay people

HUMAN GENOME 

SEQUENCING 

is a disruptive innovation

Genetic

disease
Genomic

médicine

Ancestry

History

Repartition of the ancestry origins of  

genomes involved in genomic analysis

European Asian Other

≃ 70%

≃ 20%

INEQUALITY IN THE

REPRESENTATION 

OF HUMAN 

GENOMIC DIVERSITY ≃ 70%

A    C T G G    G C    A 

URUGUAYAN PEOPLE

The study case of 

low represented
admixed population

- Ancestry history poorly known

- Specific genomic signature of this population?

- Only 4% of the genomic stydies imply Latin-

Americans
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 2 INCENTIVE RESEARCH PROGRAMS - SPAIS 

BENEFITS OF A ROBUST GENOMIC CHARACTERIZATION 

Since 2001, the human genome data is accessible. This crucial scientific 
breakthrough has led to groundbreaking innovations in the understanding 
and treatment of genetic diseases, and in human history. Initiatives 
such as 1000 Genomes Project, compiling human DNA from people around 
the world, are used as references to identify genetic variations and their 
consequences. To be as effective as possible and truly representative of 
the diversity of humankind, databases such as 1000 Genomes need to 
be updated with DNA from as many human populations as possible. This 
raises the question of the accessibility of genome sequencing 
technology to low-income countries, leading to a selection bias on data 
collection. Consequences of this situation are the selectivity of the 
advancement of genomic knowledge, the relevance of which can be 
undermined by this selection bias. 
 

DATA BIAS AND CONSEQUENCES: THE CASE OF THE  

SUB-REPRESENTATION OF URUGUAYAN PEOPLE  

When looking at the genomic  data produced, a bias is evident. Indeed, 78% 
of Genome Wide Association Study (GWAS) concern European 
individuals, and less than 4% have Latin Americans with indigenous 
ancestry. This questions the application of those studies on 
underrepresented populations, such as Latin American people. For 
instance, there is a clear gap in the application of genomic medicine 
results because of the lack of knowledge on those people genomes. 
Another benefit of a better characterization of admixed people’s 
genome would be a new light on ancestries' history. In the specific case of 
Uruguay, this country  led a genocidal politic in the past towards indigenous 
people, and it was believed that the country was “indigenous-free”. The 
coordinator’s project laboratory already demonstrated that a significant part 
of Uruguayan people present indigenous ancestry.    

 

THE PROJECT 

The project proposes to access to a better characterization of Uruguayan 
people’s genome thanks to the Low Pass Sequencing (LPS). Indeed, 
this method is less expensive and can provide accurate data thanks to an 
ad hoc imputation algorithm. The project will combine high coverage already 
sequenced genome references coming from a limited but representative 
panel to implement the algorithm which will be used. This implementation 
will limit the potential bias errors on the following analysis of nearly 850 
people genomes coming from all the 19 Uruguayan departments.  
 
This project will provide a panel of reference of currently 
underrepresented Uruguayan people on genome analysis which will 
reduce the inequalities of global genome analysis applications 
Moreover, the project will bring new data on Uruguayan’s specific genome 
signatures, and provide more details on Uruguayan ancestry history. 
Testing LPS strategy accuracy in this context will allow new route for a 
more affordable genome sequencing, which will benefit to the 
construction of a more representative model of humankind genome. 

 

In 2020, Ben-Eghan et al. 
highlighted that 45 of 58 
genome analysis using UK 
biobank excluded data 
from specific populations. 
31 of them didn’t explain 
this decision. 

European genetic 
prediction accuracy is 
lower by 1.6-fold lower in 
in Hispanic/Latino 
Americans population. 
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PORTFOLIO TRANSVERSAL RESEARCH 

PROGRAMS (PTR) FUNDED  

FROM 2014 TO 2022





DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

WHAT IS USHER SYNDROME?

HAIR CELLS AND PROTEIN ACTORS IN USHER SYNDROME

Characterizing the molecular organization of 
protein networks in hair cells to understand 
physiopathogenesis of Usher syndrome for 
developing therapeutic approaches

Project PTR n° 483-2014

Institut Pasteur International Network collaborators:

Usher syndrome affects one in 
30,000 people in France.

Usher syndrome is responsible 
for the majority of deafblindness.



THE PROJECT

 

 

 



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

WHAT IS ENTEROVIRUS A71?

Picornaviridae

ENTEROVIRUS A71 IN AFRICA

Study the circulation of enteroviruses A71 
and assess the epidemic risk in Africa for the 
implementation of preventive strategies 

Project PTR n° 484-2014

Institut Pasteur International Network (IPIN) collaborators :

Some people infected with 
enteroviruses have no symptoms 
but still can spread the virus to 
others.

This project also involves / involved the participation of external partner(s).

Worldwide, EV-A71 is a common 
cause of hand, foot, and mouth 
disease in infants and young 
children.



THE PROJECT



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

PLASMODIUM VIVAX 

Plasmodium vivax (P. vivax

P. vivax Anopheles

P. vivax

VACCINE

P. falciparum sporozoïte

Indeed, P. falciparum P. vivax

THE PROJECT

merozoïte

Plasmodium vivax

Project PTR n°490-2014

Coordinator:

Institut Pasteur International Network collaborators:  

Understand Plasmodium vivax invasion 
mechanisms to develop a vaccine

About 90 million cases of 
malaria are caused by P. vivax 
worldwide each year.

More than one billion people 
are now exposed to Plasmodium 
vivax.



PTR

WHAT IS DENGUE DISEASE?

Aedes A. aegypti A. albopictus

DENGUE VIRUS AND BLOOD CELLS

Determine the role of PBMCs in transmission/
infection of dengue vectors for better prevention 
and control 

Project PTR n° 491-2014

Institut Pasteur (Paris) collaborators:

Dengue fever is mostly benign, 
but severe and unpredictable 
forms occur in about 1% of 
cases, more often in young 
children.

Two and a half billion people 
live in risk areas. Although 
initially observed in the tropical 
and sub-tropical regions of the 
world, dengue has now reached 
Europe.

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT



PTR

WHAT IS HELICOBACTER?
Helicobacte

Helicobacter pylori 
(Hp

Hp Helicobacter pylori 

SURVIVAL IN GASTRIC ENVIRONMENT
Helicobacter

Hp

Hp Helicobacter

Helicobacter Hp possesses 

Hp

Hp

Hp

Helicobacter Helicobacter

the Helicobacter 

How gastric Helicobacter species have evolved 
to be the sole colonizer of a unique niche, the 
stomach in half of the human population

Persistent colonization by Hp is 
associated with the development 
of various gastric pathologies 
causing about one million deaths 
per year in the world. Therefore, 
eradication of Hp has become a 
public health concern.

Hp infects the stomach of up to 
50% of the human population 
worldwide.

Project PTR n° 494-2014

Helicobacter

Institut Pasteur International Network collaborators:



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT

Hp Helicobacter bacteria 
Helicobacter

Helicobacter

Helicobacter

Helicobacter

in vivo

proteins in Hp



PTR

Leishmania parasite causes 1,3 
million new cases and the death 
of 40,000 people per year.

Understand the interaction between Leishmania 
and its host cell to identify new therapeutic 
pathways

Project PTR n° 496-2014

Coordinator: É  
Institut Pasteur International Network collaborators:

Populations at risk of visceral 
leishmaniasis are children from 
1 to 3 years

WHAT IS LEISHMANIA AND LEISHMANIASIS?

Leishmania parasites, that are 

RELATION BETWEEN LEISHMANIA PARASITES AND THE IMMUNE SYSTEM OF THE 

HOST 

Leishmania

Leishmania 

More than 12 million humans 
are currently infected in the 
world.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

THE PROJECT

Leishmania

Leishmania

Leishmania



PTR

WHAT ARE HANTAVIRUSES?

Hantaviridae

Bunyavirales

HANTAVIRUSES-HOSTS RELATIONSHIPS 

Understand host-hantavirus relationships and 
pathogenesis for humans and better monitor 
these viruses

Project PTR n° 505-2014

Institut Pasteur International Network collaborators:

In Europe, most of the 10000 
annual HFRS cases are caused 
by PUUV but DOBV is the 
second major hantavirus and is 
highly pathogenic in human.

An estimated 150,000 to 200,000 
cases of HFRS occur each year 
worldwide. 
Depending on the virus, the 
death rate ranges from <1% to 
>12%.

Four principal species of 
hantaviruses circulate in rodents 
on the European continent, 
Puumala virus (PUUV), Seoul 
virus (SEOV), Dobrava virus 
(DOBV) and Tula virus (TULV). 
Three of them have been 
detected in France.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT



PTR

PUBLICATIONS:

•  Cadel Six et al., A food poisoning outbreak investigation due to enterotoxin producing Bacillus cereus, Bulletin épidémiologique, 2014

•  Cadel Six et al., Toxi-infections alimentaires collectives à Bacillus cereus : bilan de la caractérisation des souches de 2006 à 2010, Hors 

série BEH, 2012

•  Clermont D. et al., Multilocus sequence analysis of the genus Citrobacter and description of Citrobacter pasteurii sp. nov., Int J Syst Evol 

Microbiol., 2015 May;65(Pt 5):1486-90.

Identification of biomarkers 
to be targeted in link with 
the pathogenicity and species 
differentiation within the 
Bacillus cereus group.

Biomarkers for Detection Test of  
Pathogenic Bacillus cereus Strains

Project PTR n° 510-2014

Coordinators:

THE CONTEXT

The Bacillus cereus sensu lato

Bacillus cereus

Bacillus cereus

THE PROJECT

Bacillus cereus

Bacillus cereus. 

Bacillus cereus

Bacillus cereus

Bacillus cereus 

Bacillus cereus

Bacillus cereus

For the first time, virulence 
characteristics of Bacillus cereus 
strains could be predicted.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

Project PTR n° 521-2015

Coordinator:

Institut Pasteur International Network collaborators:

bacterial infection by exploring the Listeria 
model system

WHAT IS LISTERIOSIS?

Listeria monocytogenes

Listeria are 

Listeria

MECHANISMS REQUIRED FOR CELLULAR INFECTION BY BACTERIAL PATHOGENS

THE PROJECT

Listeria 

Listeria

Listeria monocytogenes

Listeria is responsible for the 
deadliest bacterial foodborne 
outbreak in the US 
(California, 1985).

In 2010, Listeria infected 23,150 
persons worldwide and killed 
5,463 (highest mortality rate 
among foodborne pathogens).

Biologists use Listeria as a 
molecular model to manipulate 
cells & to study human biology.

This project also involves / involved the participation of external partner(s).



PTR

WHAT IS NEURODEGENERATIVE DISEASE?

INVOLVEMENT OF THE PROTEIN ALPHA-SYNUCLEIN IN PARKINSON’S DISEASE

THE PROJECT

Project PTR n° 523-2015

Coordinator:

Institut Pasteur (Paris) collaborators:

Understand neurodegenerative processes in 
humans is a major challenge for science and the 
society (Example: Parkinson’s disease)

Alzheimer’s and related diseases 
affect over 900,000 people in 
France and over 35 million in 
the world in 2010.

In the world, about 5 million 
people suffer from Parkinson’s 
disease and 300,000 individuals 
are diagnosed each year.

In France Parkinson’s disease 
affects 1% of the population over 
65 years, with 8,000 diagnosed 
each year.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
Risk of Emergence of Urban Yellow Fever in 
Brazil: Leading role of the Asian tiger mosquito

Project PTR n° 528-2015

Coordinator:

Institut Pasteur International Network collaborators:

WHAT IS YELLOW FEVER? 

Aedes

YELLOW FEVER IN BRAZIL

Aedes albopictus

THE PROJECT

900 million people in the 
world are exposed to the risk of 
contracting the virus.

The spread of yellow fever 
is directly related to the 
deforestation and to the 
consequences of the climate 
change.

Every year in the world, 200,000 
cases of yellow fever among 
which 30,000 are mortal. 

This project also involves / involved the participation of external partner(s).



PTR
Characterization of Aspergillus fumigatus 
proteins should enable the selection of potential 
candidates for biotechnological applications

Project PTR n° 529-2015

Coordinator: Aspergillus

Institut Pasteur International Network collaborators:

WHAT IS ASPERGILLUS FUMIGATUS?

Aspergillus fumigatus

A. fumigatus

A. fumigatus

Aspergillus

Aspergillus 

HYDROPHOBINS

A. fumigatus, there are seven 

THE PROJECT

A. fumigatus

A. fumigatus  

A. fumigatus

 
A. fumigatus

Aspergillus fumigatus are 
involved in 80% to 90% of 
human Aspergillosis.

Aspergillus fumigatus is 
responsible for 200,000 deaths 
per year worldwide.

The mortality rates of invasive 
Aspergillosis range from  
40%-90% in risk groups.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

PLASMODIUM FALCIPARUM 

Plasmodium Plasmodium falciparum and Plasmodium vivax

P. falciparum Anopheles 

Plasmodium sporozoite, 
merozoite

RESISTANCE TO TREATMENTS

Plasmodium falciparum

Plasmodium falciparum to 

Plasmodium falciparum

P. falciparum

THE PROJECT

Plasmodium

Plasmodium falciparum resistance 

P. falciparum

Project PTR n° 535-2015

Coordinator:

Institut Pasteur International Network collaborators:

Decipher Plasmodium falciparum mechanism  
of resistance to Artemisinin

Resistance to ACT represents a 
major threat to public health. 

Resistance to ACT will impact 
the global strategy to fight this 
disease.

In 2013, 1.5 million cases of 
malaria in South-East Asia



PTR

WHAT IS LEISHMANIA AND LEISHMANIASIS?

Leishmania and 

HOW DOES LEISHMANIA PARASITES INFECT THE BODY?

THE PROJECT

Project PTR n° 539-2015

Coordinator:

Institut Pasteur International Network collaborators:

Understand the interaction between Leishmania 
and the host cell to identify new drugs

Every year in the world, there 
were 1,3 million new cases of 
Leishmaniasis .

Each year 500,000 patients 
contract the most serious form  
of the disease.

Leishmania parasite causes 
the death of 20,000 to 30,000 
people per year in the world.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
The microbiota: the forgotten organ!

Project PTR n° 540-2015

Coordinator:

Institut Pasteur International Network collaborator:

WHAT IS THE GUT MICROBIOTA? 

PRODUCTION OF GAMMA-AMINOBUTYRIC ACID (GABA) IN GUT BACTERIA 

the acid protection gad Escherichia coli

 
E. coli

The composition of gut 
microbiota is unique to each 
individual, just like our 
fingerprints !

Escherichia coli is a bacterium 
that can be found in human 
intestines.



THE PROJECT

gad

in 

vivo

gad



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
Impact of Plasmodium/Trypanosoma co-infections 
in Anopheles mosquitoes on their capacity to 
transmit the malaria parasites

Project PTR n° 542-2015

Coordinator:

Institut Pasteur International Network collaborators:  

WHAT IS TRYPANOSOMA?

Trypanosoma

a Glossina

nagana

TRYPANOSOMA/PLASMODIUM CO-INFECTION

Anopheles 
Plasmodium

Plasmodium Trypanosoma

THE PROJECT

Plasmodium and Trypanosoma

in the Anopheles

Plasmodium

Anopheles

Over the last 10 years, > 70% 
of cases were observed in the 
Democratic Republic of Congo.

Sleeping sickness threats the 
populations of 36 sub-Saharan 
countries.

65 million individuals are 
exposed to Trypanosoma and 
there are 20,000 estimated cases.



PTR

WHAT IS INFLUENZA OR FLU?

caused by 

INFLUENZA VIRUS?

THE PROJECT

 

Project PTR n° 546-2015

Coordinator:

Institut Pasteur International Network collaborator:

Understand interactions between a protein of 
 virus and host proteins to able to 

anticipate new pandemics

Worldwide, influenza outbreaks 
are responsible for 3 to 5 million 
cases of severe illnesses of  
which 250.000 to 300.000  
lead to death.

In France, 2 to 7 million people 
are affected by influenza, every 
winter.

In France, the annual health 
and social costs for an average 
outbreak of flu is 460 million 
euros.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

WHAT IS ANTIBIOTIC RESISTANCE?

WHAT IS THE STRATEGY TO FIGHT AGAINST THIS TROUBLE?

THE PROJECT

Project PTR n° 558-2015

Coordinator:

Institut Pasteur International Network collaborators:

Understand the origin of resistant bacterial 
infections in newborns in low-income countries 

Antibiotic resistance is 
responsible for 700,000 deaths 
per year worldwide.

In 2050, antibiotic resistance 
could become a top cause of 
death outpacing cancer.

In the world, 200 newborns  
die per hour following a 
bacterial infection.



PTR
Understanding the relationship between 
malnutrition / Pediatric Environmental Enteropathy 
and the immune system in low income countries to 
develop prevention strategies 

Project PTR n° 08-2016

Institut Pasteur International Network collaborators:  

MALNUTRITION AND PEDIATRIC ENVIRONMENTAL ENTEROPATHY

Pediatric 

PEDIATRIC ENVIRONMENTAL ENTEROPATHY AND IMMUNE SYSTEM

THE PROJECT

According to WHO, the 
malnutrition is responsible for 
more than 3 millions deaths  
per year in children under  
age 5 years. 

In the world, one child in four 
aged under 5 suffer from  
chronic malnutrition.

In Madagascar, 47% of children 
under 5 years are affected by 
chronic malnutrition.

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

Project PTR n° 10-2016

Coordinator:

Collaborators from the Institut Pasteur International Network:

Better understanding host/virus interactions in 
order to develop therapeutic strategies

An estimated 440000-1300000 
Zika virus infections have 
occurred in the most outbreak 
in Brazil.

Zika virus has been reported  
in more than 70 countries  
and territories worldwide  
since 2015.

There is no cure and no vaccine 
for Zika, Chikungunya diseases.

WHAT ARE ARBOVIRUSES?

HOST/VIRUS INTERACTIONS

THE PROJECT

in 

vitro and in vivo



PTR
Better understanding bacteria-host interactions 
in allergic asthma to prevent it and treat it

Project PTR n° 18-2016

Institut Pasteur International Network collaborators:  

WHAT IS ASTHMA?

ALLERGIC ASTHMA AND IMMUNE SYSTEM 

THE PROJECT

in vivo

235 million people suffer from 
asthma in the world. It is the 
most common chronic disease 
among children.

In France, asthma affects more 
than 4 million people, one third 
of whom are under the age of 15.

The economic costs of 
asthma are high (treatment, 
hospitalization, reduced  
activity levels, school and 
working absenteeism).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
Better understanding of the mechanism 
responsible for chronic Hepatitis B to better 
diagnose and treat

Project PTR n° 20-2016

Institut Pasteur International Network collaborators:

In France, over 3 million people 
have been a contact with HBV, 
300,000 are chronic carriers.

WHAT IS HEPATITIS B?

INFLAMMATION, IMMUNE RESPONSE AND INFECTION 

THE PROJECT

In the world, 2 billion people 
have been infected by hepatitis 
B virus and over 370 million are 
chronic carriers.

In 2015, hepatitis B resulted 
in 887,000 deaths (including 
cirrhosis and hepatocellular 
carcinoma).

This project also involves / involved the participation of external partner(s).



PTR
Better understanding of the invasive capabilities 
of bacteria in order to develop new drugs and 
assist in diagnosis

Project PTR n° 22-2016

Institut Pasteur International Network collaborator:

Shigellosis kills from 700,000 
to 1 million people each year in 
the world.

In 2015, 10,4 million people fell 
ill with TB and 1,8 million died 
from the disease.

WHAT ARE SHIGELLA FLEXNERI AND MYCOBACTERIUM TUBERCULOSIS?

Shigella

Mycobacterium tuberculosis that 

INTEREST OF STUDY MODELS (STUDY MODELS TO DECIPHER INVASION OF 

PATHOGENS) 

 and M. tuberculosis

THE PROJECT

constraints on  and M. tuberculosis

These developed 

drugs

Globally in 2015, an estimated 
480,000 people developed 
multidrug-resistance TB.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
To better understand the evolution of 
pathogenic bacteria in order to develop new 
therapeutic strategies

Project PTR n° 24-2016

Institut Pasteur International Network collaborator:

Some 580,000 cases of 
Shigellosis are reported among 
travellers and military personnel 
from industrialized countries.

WHAT ARE SHIGELLA AND ENTEROINVASIVE E. COLI?

Shigella and Enteroinvasive E. coli

Shigella

Shigella

Enteroinvasive Escherichia coli

GENOME ORGANIZATION OF BACTERIA SHIGELLA AND EIEC 

THE PROJECT

Shigella

Shigellosis is held responsible 
for some 165 million cases of 
severe dysentery, the majority in 
developing countries and involve 
children less than 5 years of age.

More than one million people 
are estimated to die from 
Shigella infection each year.

This project also involves / involved the participation of external partner(s).



PTR
Study Aspergillosis in Cambodia to investigate 
the impact of this pathogen in East Asia

Project PTR n° 26-2016

Institut Pasteur International Network collaborator:

Over 300 million people are 
acutely or chronically infected 
by fungi, leading to death, long 
term illness, blindness, reduced 
work capacity.

Chronic pulmonary aspergillosis 
accounts for 3 million cases in 
the world.

ASPERGILLUS - ASPERGILLOSIS

Aspergillus 

fumigatus

ASPERGILLOSIS IN CAMBODIA 

THE PROJECT

Aspergillus

Aspergillus

The major chronic, invasive and 
allergic forms of aspergillosis 
account for around 600,000 
deaths annually worldwide. 

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
Study the Negativicutes to better understand 
the involvement of a poorly characterized 
component of the microbiome in human 
health

Project PTR n° 39-2016

Institut Pasteur International Network collaborators:  

This project will provide 
important information for the 
role of the microbiome in health 
and disease.

WHAT ARE NEGATIVICUTES?

The Negativicutes

Negativicutes

Veillonella

PARTICULARITY OF NEGATIVICUTES 

The Negativicutes

Negativicutes Firmicutes

Firmicutes

Veillonella

THE PROJECT

Negativicutes Veillonella

Veillonella

Veillonella

Negativicutes

Many bacteria of the human 
microbiome are still poorly 
studied.

The Negativicutes may have 
a dual role, beneficial and 
pathogenic.



PTR
A better understanding of the immune system 
for improved patient care

Project PTR n° 35-2016

,

Institut Pasteur International Network collaborators:

WHAT IS THE IMMUNE SYSTEM?

WHAT IS THE VARIABILITY OF THE IMMUNE RESPONSE ?



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT

therapies, and in vitro



PTR
Characterize the role of ExoY, virulence factor, in 
Pseudomonas aeruginosa infections to identify 
therapeutic strategies

Project PTR n° 43-2016

 
Institut Pasteur International Network collaborators:  

WHAT ARE PSEUDOMONAS INFECTIONS?

Pseudomonas

Pseudomonas

Pseudomonas aeruginosa

VIRULENCE FACTORS AND PSEUDOMONAS AERUGINOSA 

P. aeruginosa

Pseudomonas aeruginosa

P. 

aeruginosa

THE PROJECT

P. aeruginosa

P. aeruginosa

In the patients with cystic 
fibrosis, the bacteria contribute 
to the decline of the respiratory 
function.

About 60% of people with 
cystic fibrosis have a chronic 
respiratory infection caused by 
P. aeruginosa. 

Pseudomonas aeruginosa, third 
cause of nosocomial infections in 
France.

This project also involves / involved the participation of external partner(s).



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTRof new ligands for therapeutic purposes

Project PTR n° 03-2017

Institut Pasteur International Network collaborators:

WHAT ARE THE NICOTINIC ACETYLCHOLINE RECEPTORS?

NICOTININC ACETYLCHOLINE RECEPTORS AND LIGANDS 

THE PROJECT

and in vivo

The tobacco epidemic kills more 
than 7 million people each year 
worldwide.

Schizophrenia, mental disorder, 
that affects more than 21 million 
people in the world.

Alzheimer’s disease in France: 
900,000 patients, 225,000 new 
cases diagnosed per year.



PTR

Epigenetic regulator of cellular 
ageing.

WHAT IS HETEROCHROMATIN PROTEIN 1 (HP1)?

HP1 AND UBIQUITINATION

THE PROJECT

Understand how the ubiquitination regulates 
functions of HP1, a protein involved in ageing 
and several pathological conditions including 
cancer

Project PTR n° 24-2017  

 
Institut Pasteur (Paris) collaborator:



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR

WHAT IS LEPTOSPIROSIS?

Leptospira

A LARGE DIVERSITY OF STRAINS 

Leptospira

Leptospira

Leptospira

Leptospira

Leptospira

THE PROJECT

Leptospira

Leptospira

Leptospira

Better understanding of genetic epidemiology 
and pathogen evolution of Leptospira will 
improve diagnostic and prevention

Project PTR n° 30-2017

Institut Pasteur International Network collaborators:

 

Leptospirosis is a zoonotic and 
emerging bacterial disease.

Leptospirosis cause more than 1 
million severe cases with 60,000 
deaths per year.

In Europe, the highest incidence 
is observed in France (600 cases 
per year).

This project also involves / involved the participation of external partner(s).



PTR

WHAT IS THE TUBERCULOSIS?

Mycobacterium 

tuberculosis (Mtb Mtb

Mtb

Mtb

Mtb 

BCG - CURRENT ANTI-TUBERCULOSIS VACCINE

Project PTR n° 52-2017

In vivo

Institut Pasteur (Paris) collaborators:

Development of a new genetration of anti-
tuberculosis vaccines for preventive and 
therapeutic approaches 

It is estimated that about a third 
of the world’s population are 
infected with Mycobacterium 
tuberculosis.

TB is still among the 10 top 
causes of death worlwide.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

This project also involves / involved the participation of external partner(s).

THE PROJECT

in vivo

Mtb

In 2016, 6.3 million new cases of 
TB were reported.



PTR
Understand how Leptospires escape the 
human immune system in order to develop new 
therapeutic and vaccine strategies

WHAT ARE LEPTOSPIRA INTERROGANS?

Leptospira interrogans

Leptospira in their 

LEPTOSPIRA AND THE IMMUNE SYSTEM 

leptospires

Leptospires

THE PROJECT

Project PTR n° 66-2017

 
Institut Pasteur International Network collaborators:  

How leptospires escape from 
phagocytes?

Use TLR and NOD agonists to 
restore phagocyte functions?

This project also involves / involved the participation of external partner(s).
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WHAT ARE HELICOBACTER PYLORI?

Helicobacter pylori (H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

H. pylori

NI-TRANSPORT IN HELICOBACTER PYLORI

H. pylori

In H. pylori

in vivo

H. pylori

H. pylori 

H. pylori

H. pylori

A comprehensive understanding on the ni-
transport pathways to enhance the current 
therapeutic strategies in helicobacter pylori 
infections

Project PTR n° 73-2017

Institut Pasteur International Network collaborators : -

Helicobacter pylori infects about 
50% of the world’s population.

H. pylori is the most common
cause of gastric ulcers and
gastritis.

H. pylori is the main cause of
gastric cancers.



THE PROJECT

-

H. pylori

H. pylori

H. pylori

Gastric carcinoma is responsible 
of 800,000 deaths a year in the 
world.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

PTR
Identify how the infants acquire a dysbiotic gut 
microbiota and PEE in the context of chronic 
malnutrition to develop preventive strategies

MALNUTRITION AND PEDIATRIC ENVIRONMENTAL ENTEROPATHY

AIM OF THE PROJECT 

THE PROJECT

Project PTR n° 91-2017

Institut Pasteur International Network collaborators:  

Malnutrition causes the death of 
3 to 5 million children under 5 
every year in the world. 

Childhood stunting affects 162 
million children under the age of 
5 years in the world

The Mitica study will offer new 
solutions to prevent and treat the 
deleterious effects of PEE

This project also involves / involved the participation of external partner(s).
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HOW TO DEAL WITH AN EMERGING OR REMERGING DISEASE

WHAT TECHNOLOGY TO USE? 

THE PROJECT

Develop rapidly tools for diagnostics of emerging 
diseases through the use of new technologies 

Project PTR n° 98-2017

Institut Pasteur International Network collaborators: , 
Institut Pasteur in Montevideo

The annual global cost of 
moderately severe to severe 
pandemics is roughly $570 
billion, or 0.7% of global.

Rapid development of tools for 
diagnostics.
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Incidence of CS about 1/200000 
in European countries.

No prevention strategy or known 
cure for CS.

WHAT IS COCKAYNE SYNDROME?

MOLECULAR MECHANISMS OF PREMATURE AGEING

Understand the molecular mechanisms of 
premature ageing in syndromes such as 
Cockayne syndrome to develop therapeutic 
strategies  

Project PTR n°111-2017 

Institut Pasteur International Network collaborators :

This project also involves / involved the participation of external partner(s).



THE PROJECT

The number of people aged 60 
years or older will rise from 900 
million to 2 billion between 
2015 to 2050 (moving from 
12% to 22% of the total global 
population).
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WHAT IS COLORECTAL CANCER?

-

-

COLORECTAL CANCER AND INNATE LYMPHOID CELLS (ILCS) 

 

Understand the role of a new family of 
lymphocytes in colorectal cancer to develop 
prevention and therapeutic strategies

Project PTR n° 113-2017

Institut Pasteur (Paris) collaborators:

This project also involves / involved the participation of external partner(s).

Colorectal cancer is a global 
threat with more the 1 million 
of new cases and more than 
700,000 deaths each year.

Colerectal cancer is the fourth 
cause of tumor death worldwide.

Colorectal cancer is the second 
most common cancer in women 
and third in men.



About 54% of colorectal 
cancer cases occurred in more 
developed countries.

THE PROJECT
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EV 71 (EV-A71) is a type 
commonly associated with severe 
neurological complications 
during hand, foot, and mouth 
disease outbreaks, particularly in 
South-eastern Asia.

Recently, EV D68 (EV-D68) 
emerged as the causative 
agent of sporadic but severe 
respiratory disease outbreaks 
across the United States, Asia, 
Africa, and Europe.

WHAT ARE ENTEROVIRUSES ?

Enterovirus

GENETIC DIVERSITY OF EVS

Better understanding of genetic diversity and 
epidemiology of Enteroviruses in Central Africa 
and in Madagascar in order to improve the 
surveillance

Project PTR n° 161-2019

Institut Pasteur International Network collaborators:

This project also involves / involved the participation of external partner(s).



THE PROJECT
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WHAT IS WHOOPING COUGH?

Bordetella pertussis

THE ADENYLATE CYCLASE (CYAA) TOXIN

Bordetella pertussis

B. pertussis

A better knowledge of the CyaA toxin at the 
structural level will allow therapeutic and 
vaccinal improvements

Project PTR n° 166-2019

Institut Pasteur International Network collaborators:

Worldwide, it is estimated 
that approximately 15 million 
pertussis cases and about  
200 000 pertussis deaths occur 
per year.

The CyaA toxin constitutes a 
potent non-replicating vector 
to deliver antigens into antigen 
presenting cells and induce 
specific cell mediated immune 
responses.



THE PROJECT
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WHAT ARE TRYPANOSMES?

 

The parasites, Trypanosoma brucei gambiense -

DIAGNOSTIC TOOLS

THE PROJECT

 

Development of a new highly sensitive 
diagnostic test for sleeping sickness to improve 
surveillance in the context of HAT elimination 

Project PTR n° 175-2019

Institut Pasteur International Network collaborators:

Although over 57 million 
people are currently at risk of 
contracting HAT in rural sub-
Saharan Africa.

The number of cases reported 
in 2017 has dropped to 
approximately 1,442 from only a 
dozen African countries.

The Democratic Republic of 
Congo still accounts for more 
than 80% of these remaining 
cases and the Republic of 
Guinea hosts the most active 
transmission foci in Western 
Africa.

This project also involves / involved the participation of external partner(s).
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WHAT IS TUBERCULOSIS

Mycobacterium 

tuberculosis

ANTIBIOTIC RESISTANCE AND DIAGNOSTIC

M. tuberculosis

Validation of a next generation diagnostic assay 
for antimicrobial resistance detection in order 
to enhance personalized treatment of MDR-TB 
patients 

Project PTR n° 183-2019

Institut Pasteur International Network collaborators:

This project also involves / involved the participation of external partner(s).

According to the 2018 WHO 
report, one-third of the world’s 
population is infected with 
Mtb, inflicting 10 million 
new TB cases each year and 
leading to 1.6 million deaths, 
despite the existence of curative 
chemotherapy and widespread 
BCG vaccine campaigns.

It is estimated that in 2017 
about 558 000 people developed 
rifampicin resistant TB. 82% of 
these people were even suffering 
from multi-drug resistant-
TB. Almost half of the cases 
are found in three countries: 
India, China and the Russian 
Federation.
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THE PROJECT

The therapy for TB cases caused 
by these resistant strains is long, 
highly toxic and has uncertain 
efficacy with mostly only 55% 
treatment success.
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WHAT ARE TRYPANOSOMATIDS?

Trypanosoma and Leishmania

Trypanosoma brucei,

Trypanosoma cruzi

Leishmania 

TREATMENT 

Components of the protein synthesis machinery 
of trypanosomatids as targets for novel 
therapeutic strategies

Project PTR n° 190-2019

Institut Pasteur (Paris) collaborators:

The estimates for Human 
African Trypanosomiasis indicate 
69 million people at risk in 36 
sub-Saharan countries with 
approximately 3000 new cases 
per year reported in recent 
years, although the actual 
number of cases may be much 
higher.

Chagas Disease: approximately 
6-7 million people infected, with 
70 million at risk.
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THE PROJECT

T. cruzi

in vivo T. cruzi 

in vivo

Leishmaniasis, in its different 
forms, has been detected in 
over 100 countries, with 1 
billion people at risk. 20,000-
30,000 deaths due to visceral 
leishmaniasis annually. 
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WHAT IS DENGUE?

Aedes 

Flavivirus

VACCINE AND IMMUNE RESPONSE

The study of the protective humoral immune 
response during Dengue virus infection in order 
to develop new vaccination strategies

Project PTR n° 212-2019

Institut Pasteur International Network collaborators:

Half of the world’s population 
live in areas where the mosquito 
and the virus are circulating.

Dengue is increasing at a 
higher rate than most other 
communicable diseases, with a 
doubling in incidence every  
10 years since 1990

Infection by the virus causes 
100 million of clinical dengue 
cases, including half a million 
hospitalizations and 22.000 
deaths, mainly among children, 
each year.

This project also involves / involved the participation of external partner(s).
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THE PROJECT

Since 2012, dengue is the most 
important vector-borne disease 
of humans and likely more 
important than malaria globally 
in terms of morbidity and 
economic impact.
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WHAT IS MONKEYPOX?

Orthopoxvirus

Poxviridae

THE CURRENT LIMITATIONS IN MONKEYPOX INFECTION UNDERSTANDING

It 

Identify risk factors and routes of transmission of 
the monkeypox virus to prevent future infection

Project PTR n° 218-2019 

Institut Pasteur (Paris) collaborators :

This project also involves / involved the participation of external partner(s).

The first case of human infection 
with monkeypox was described 
in 1970 in the Democratic 
Republic of the Congo.

In 2019, monkeypox imported 
cases from Nigeria are reported 
In United Kingdom, Singapore 
and Israel. 

In 2019, cases of monkeypox 
are still reported in the Central 
African Republic, the Republic 
of Congo, the Democratic 
Republic of Congo, Cameroon 
and Nigeria. 
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THE PROJECT

Approximately 2-10% of all 
infections are fatal with most 
deaths occurring in younger age 
groups.
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WHAT ARE MECHANICAL FORCES

RELATIONSHIP BETWEEN TISSUE MECHANISMS AND MICROBES

This project also involves / involved the participation of external partner(s).

Computational imaging approaches to investigate 
the role of mechanical forces in the colonic tissue 
to understand the microbiota colonization and the 
development of infectious enteric diseases

Project PTR n° 232-2019

Institut Pasteur International Network collaborators:

Amoebiasis is the third deadliest 
parasitic disease in the world.

Shigellosis kills hundreds of 
thousands of people around 
the world every year, especially 
children under the age of 5.



DEPARTMENT FOR SCIENTIFIC PROGRAMMING AND INCENTIVE ACTIONS - SPAIS

THE PROJECT

Entamoeba histolytica

Lack of knowledge of the impact 
of mechanical stresses on tissue 
invasive process.

Need to develop non invasive 
methods to quantify physical 
parameters of tissue architecture.



PTR

WHAT IS MALARIA?

Plasmodium

Plasmodium P. 

falciparum

Anopheles 

Plasmodium

DRUG-RESISTANT PARASITES AND NEW THERAPEUTIC STRATEGIES

Plasmodium

This project also involves / involved the participation of external partner(s).

Identify new active compounds against multidrug-
resistant malaria parasites

Project PTR n° 233-2019

Institut Pasteur International Network collaborators:

It is a global health problem, 
still causing more than 450.000 
deaths each year (mostly African 
children) and over 200 million 
infections.

Considering the lack of an 
efficient vaccine and the 
increasing threat of resistance 
in the parasite and vector, 
new drugs that target resistant 
parasites are of highest priority 
to combat malaria.
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THE PROJECT

Plasmodium 
Plasmodium

Plasmodium falciparum

Plasmodium
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WHAT IS RABIES?

Lyssavirus 

DIAGNOSTIC

intra-vitam

brain biopsy at the post-mortem

to improve surveillance and control of this 
disease

Project PTR n° 237-2019

Institut Pasteur International Network collaborators:

This project also involves / involved the participation of external partner(s).

This viral disease is still 
responsible for an estimated 
60,000 human deaths per year, 
due to dog-mediated rabies for 
99% of cases.

40% of people bitten by suspect 
rabid animals are children under 
15 years of age.
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THE PROJECT
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ANTIBIOTIC RESISTANCE

AMINOGLYCOSIDE CLASS OF ANTIBIOTICS

Pseudomonas, Acinetobacter and Enterobacter

E. coli and V. cholerae

Better knowledge of antibiotic sensitivity 
will pave the way to the development of new 

Project PTR n° 245-2019

Institut Pasteur (Paris) collaborators :

This project also involves / involved the participation of external partner(s).

Antibiotic resistance is a major 
public health, social and 
economic problem, and has been 
declared “the greatest and most 
urgent global risk” by United 
Nations in September 2016.

Antibiotic resistance can affect 
anyone, of any age, in any 
country.
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THE PROJECT

25,000 deaths a year resulting 
from antibiotic resistance in 
Europe.
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INNER EAR COCHLEA

INNER EAR ORGANOIDS INTERESTS

in vitro

in vitro

Generate an inner ear organoid to facilitate the 
study of the inner ear development and research 
on therapies for Human inner ear pathologies

Project PTR n° 272-2019

Institut Pasteur International Network collaborators :

This project also involves / involved the participation of external partner(s).

Hearing loss affects more than 
460 million people worldwide.

It is estimated that by 2050 over 
900 million people will have 
disabling hearing loss.
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THE PROJECT

in vitro

Nowadays, unaddressed hearing 
loss poses an estimated annual 
global cost of € 680 billion.
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INFLUENZA VIRAL INFECTION

CONSEQUENCES OF INFLUENZA INFECTION ON SKELETAL MUSCLES AND STEM 

CELLS

Relationship between stem cells and infectious 

understand multi-organ systemic effects of 
pathogens in human

Project PTR n° 291-2020

Institut Pasteur International Network collaborators :

This project also involves the participation of external partner.

Each year about 3-5 million 
individuals develop a severe 
flu, causing 290 000 to 600 000 
deaths.

Children and elderly patients are 
at higher risk of skeletal muscle-
flu related complications.
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THE PROJECT

Children affected by neurologic 
and neuromuscular disorders 
are a vulnerable population with 
high-risk factors for influenza-
related complications.
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WHAT ARE ENTEROBACTERIACEAE?

The Enterobacteriaceae

Enterobacteriaceae 

Shigella, Yersinia pestis

(Escherichia coli, Proteus mirabilis sp, Klebsiella pneumoniae

Enterobacteriaceae Escherichia coli and Klebsiella pneumoniae 

ESBL-PE ACQUISITION

Enterobacteriaceae

Better understand of the different routes of 
ESBL-PE acquisition in newborns in Madagascar 
in order to identify new strategies to control this 
acquisition

Project PTR n° 303-2020

Institut Pasteur International Network collaborators:

This project also involves / involved the participation of external partner(s).

Severe bacterial infections are 
a leading cause of death in 
children under 5 in low income 
countries (LICs) with neonates 
bearing the highest burden.

It has been estimated that almost 
7 million cases of neonatal 
infections possibly occurred each 
year.
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In Madagascar, one of the 
poorest countries in the 
world, the burden is huge: the 
frequency of neonatal infection 
is more than 15 times higher 
in Madagascar compared to the 
USA.



PTR

WHAT ARE LEPTOPSIRES?

leptospira

Leptospira penetrate hosts 

Leptospira

Leptospira

Leptospira

Leptospira

VIRULENCE OR ADAPTATION TO THE HOST ENVIRONMENT

Leptospira

Leptospira

Leptospira

Leptospira

Leptospira

Better understand the virulence mechanisms of 

leptospirosis

Project PTR n° 310-2020

Institut Pasteur International Network collaborators:

This project also involves / involved the participation of external partner.

More than one million cases 
of leptospirosis are currently 
reported annually in the word, 
with 10% of mortality.

Global climate change and the 
worldwide expansion of urban 
slums favor the emergence of 
leptospirosis and will probably 
lead to escalation of its burden.
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THE PROJECT

Leptospira

Leptospira

Leptospira

in Leptospira

Leptospira

Noteworthy, the number of 
reported cases of leptospirosis is 
also increasing in Europe.
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COLORECTAL AND GASTRIC CANCER

Helicobacter 

pylori H. pylori 

RELATION BETWEEN BACTERIA AND CANCER

H. pylori

E. coli

Relation between bacteria and cancer: Targeting 
epigenetic deregulations (notably DNA 
methylation) upon bacterial infection (H. pylori 
and E. coli) as an innovative approach for novel 
cancer therapeutic strategies

Project PTR n° 332-2020

Institut Pasteur International Network collaborators:

Colorectal cancer is a global 
threat with more than 1.8 
million of new cases and more 
than 800,000 deaths worldwide 
each year.

Colorectal cancer is already 
the second leading cause of 
cancer death in the world, and 
its incidence is steadily rising in 
developing nations.
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THE PROJECT

H. pylori 
and E. coli

in 

vitro and in vivo

H. pylori and E. coli

in vitro

H. pylori E. coli

H. pylori or E. 

coli

Gastric cancer is the fifth most 
common cancer with 1 million 
new cases/year and the third 
leading cause of cancer deaths 
worldwide, with a rate of median 
survivals less than 12 months for 
the advanced stage.

Gastric cancer occurs twice as 
often in males as in females 
and its incidence rate rises 
progressively with age.
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CONTROL AND ELIMINATE MALARIA

Plasmodium falciparum (Pf

Pf

Pf 

Pf

is based on Pf

Pf

ANTIGENS AND IMMUNE SYSTEM

Plasmodium  berghei (Pb

Pb

Pb

Pb

Pf

Pb

Develop a new method to validate Plasmodium 
falciparum protective antigens targeted by 
immune T cells in order to accelerate vaccine 
development

Project PTR n° 337-2020

Institut Pasteur International Network collaborators:

Despite all control efforts of 
the last decades, malaria is 
still the deadliest vector-borne 
disease causing ~230 millions 
of new clinical cases and killing 
>400,000 persons every year.

Plasmodium falciparum is 
responsible for ~97% of malaria 
cases being the most important 
human- infecting plasmodial 
species.
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THE PROJECT

Pf

Pf

Pf

Pf
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WHAT ARE FOAMY VIRUSES?

SFV INFECTION AND HUMAN HEALTH

Host pathogens interactions in humans infected 
with zoonotic foamy viruses

Project PTR n° 353-2020

Institut Pasteur International Network collaborators:

Retroviruses are very common 
in the animal world.

Retroviruses crossed the barrier 
species on multiple occasions.
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Retroviruses can be the cause 
of various forms of cancer 
(leukemia, lymphomas, 
sarcomas, etc.), pulmonary 
and joint pathologies, 
immunodeficiencies (including 
AIDS in humans), and central 
nervous system degenerations. 
Sometimes they can also have no 
pathological consequences.
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WHAT IS ALZHEIMER’S DISEASE?

ROLE OF MICROGLIAL ACTIVATION IN THE PATHOGENESIS OF ALZHEIMER’S DISEASE

Generation of forefront technologies to study 
microglial cells in the context of a devasting 
neurological disease (Alzheimer’s disease)

Project PTR n° 377-2020

Institut Pasteur International Network collaborators:

Worldwide, around 50 million 
people have dementia, and they 
are nearly 10 million new cases 
every year. Alzheimer’s disease 
is the most common form of 
dementia and may contribute to 
60-70% of cases.

Dementia is one of the major 
causes of disability and 
dependency among older people 
worldwide.
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THE PROJECT

in vivo

in vitro

in vivo 

Alzheimer’s disease prevalence 
is increasing as the population 
ages, which leads to the 
prediction of exponential growth 
in AD cases in the upcoming 
years from 850,000 in 2012 to 
2,150,000 in 2040.
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WHAT IS CAMPYLOBACTERIOSIS?

Campylobacter Campylobacter jejuni (C. jejuni

Campylobacter

C. jejuni

C. jejuni

C. jejuni

VACCINE DEVELOPMENT

C. jejuni

C. jejuni

C. jejuni

C. jejuni

C. jejuni

The development of a safe and effective anti-
campylobacteriosis vaccine relying on chemical 
synthesis

Project PTR n° 380-2020

Institut Pasteur International Network collaborators:

Campylobacter jejuni infections 
are one of the leading causes 
of bacterial gastroenteritis 
worldwide, especially in children 
less than five years old living in 
developing countries.

Campylobacter is estimated to 
cause 400 million human cases 
of gastroenteritis per year.

Campylobacter infections are 
generally mild, but can be fatal 
among very young children, 
elderly, and immunosuppressed 
individuals.
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Shigella and Burkholderia

C. jejuni

in vivo

C. jejuni

Incidence and prevalence 
of campylobacteriosis have 
increased worldwide over the 
past decade and are most likely 
still underestimated.
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NEUROPSYCHIATRIC DISORDERS

IMPLICATIONS OF NICOTINIC ACETYLCHOLINE RECEPTOR

receptors and their relevance as therapeutic 
targets in neuropsychiatric disorder 
endophenotypes

Project PTR n° 388-2020

Institut Pasteur (Paris) collaborators:

Cognitive impairment is a 
shared core feature of several 
neuropsychiatric disorders such 
as schizophrenia and Alzheimer’s 
disease and often implicates an 
altered acitivity of the prefrontal 
cortex.

Impairements in nicotinic 
acetylcholine receptor 
expression and function have 
been robustly associated with 
a number of neuropsychiatric 
disorders and these receptors 
may represent an important 
therapeutical target.

This project also involves / involved the participation of external partner(s).
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in vivo

Implementing novel preclinical 
approaches will improve the 
understanding of the role of 
nicotinic acetylcholine receptors 
in neuropsychiatric disorders.
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LEGIONELLA PNEUMOPHILA

Legionella pneumophila

Legionella

Legionella

STRATEGY USED BY BACTERIA TO CONTROL THE HOST CELLS

Legionella

L. 

pneumophila Legionella

Legionella

Legionella

Gain a better understanding of the strategies 
pathogenic bacteria employ to subvert  host 
functions to replicate and cause disease and 
identify new therapeutic targets

Project PTR n° 395-2020

Institut Pasteur International Network collaborators:  

Legionella represent a 
considerable public health 
burden due to sporadic and 
epidemic outbreaks and 
nosocomial infections (mortality 
rates 5-20% and up to 50% for 
nosocomial infections), but they 
are also an economic problem 
due to the surveillance measures 
that must be taken to ensure 
that artificial water supply 
systems are not contaminated by 
Legionella.

The recent emergence of this 
disease is explained by its affinity 
for modern water supply systems 
such as cooling towers, air 
conditioners, jet baths, jacuzzi, 
hot water pipers, etc…
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Legionella

L. pneumophila at 

L.

pneumophila

The incidence of the disease 
might be higher than recorded 
as not all cases are correctly 
diagnosed.
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Exploring Host factors linked to phagosomal rupture by 
Mycobacterium tuberculosis using High Content phenotypic 
Screening and Lung-on-Chip techniques
Project PTR n°430-2021 

SCIENTIFIC COORDINATOR 
Dr Roxane SIMEONE, Pathogénomique Mycobactérienne Intégrée - 

Institut Pasteur Paris, France 

PASTEUR NETWORK OR INSTITUT PASTEUR (PARIS) 

COLLABORATORS 
Dr Priscille BRODIN - Institut Pasteur Lille, France 
Dr Alexandre GRASSART - Institut Pasteur Lille, France 

PROJECT SUMMARY 

` 

KEYWORDS 

Mycobacterium tuberculosis, tuberculosis, TB, Mtb, multi-drug resistance, organ on a chip, lung, ex-
vivo, anti-microbial resistance, siRNA screening, fluorescence resonance energy transfer, FRET, IPSC, 
LoC, host-pathogen interaction 

HOW DOES MYCOBACTERIUM TUBERCULOSIS SURVIVE IN ITS CYTOSOLIC PHASE IN HOST CELLS ?

ALVEOLI ORGANOIDS 
WITH MACROPHAGES

3D environment model of Mtb infection 

based on iPS

LUNG-ON-CHIP (LoC)
Ex Vivo 3D model of Mtb infection 
combinning based on organoids

§ New insights on a critical point of Mtb infection mechanisms that will be extended to other mycobacteria

§ New relevant models for pharmaceutical drugs test and Mtb pathogenicity

§ Tools will be shared among the european consortium ERA4TB, involving pharmaceutical compagnies and 

academic people
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HUMAN INDUCED PLURIPOTENT STEM 
CELL (iPSC)

Cell model from human sampling

from biobanks

TUBERCULOSIS: STILL A HUMAN PLAGUE MYCOBACTERIA AND TUBERCULOSIS Mtb FATE DURING INFECTION

Mycobacterium Tuberculosis (aka: Kock bacilius)§ + 4.5% CONTAMINATIONS in 2021 compared to 2020, 
COVID 19 facilitated it

§ 2nd deadliest infection disease worldwide in 2020

§ Present in ALL COUNTRIES nowadays

§ +3% of pharmacoresistant cases 
between 2020 and 2021

§ Air transmission (droplets coughed by patients)

§ 5-15% of infected people will have symptoms

§ Cough, weight loss,dyspnea, respiratory
distress, pneumonia…

Phagocytosis

Phagocytose lysis

Cytosolic escape

Pathogen replication

leading to cell death

Mechanisms

unknown

siRNA SCREENING, FRET
Determination of host’genes

involved in phagosomal rupture

23 / 69
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TUBERCULOSIS AND HUMAN HEALTH 

Tuberculosis (TB) is an infectious disease that has plagued humanity for 
thousands of years and remains to date a global publiceven today. TB is 
caused by the bacterial pathogen Mycobacterium tuberculosis (Mtb) and 
usually presents as acute or chronic lung inflammatory disease, but may 
also manifest itself as extrapulmonary disease. While the widely used BCG 
vaccination does show benefits in infants and children, no satisfactory 
preventive measures against pulmonary TB in adults exist, which is the form 
of disease that drives the aerosolic spread of Mtb to new hosts, and thereby 
the epidemic. The currently available treatment includes at least 4 different 
drugs and needs to be taken for at least 6 months, which poses problems 
related to compliance and may lead to the emergence of drug-resistant 
infection.  
This increasing number of multidrug-resistant strains constitutes a global 
health issue, and new therapeutic strategies are needed to reduce the 
treatment duration of drug-sensitive TB. 

MYCOBACTERIUM TUBERCULOSIS’S FATE IN HOST!

There are still large knowledge gaps concerning the molecular mechanisms 
contributing to survival and persistence of Mycobacterium tuberculosis 
(Mtb) in the host lungs. A lot is still to learn on the Mtb infection parameters. 
To begin with, the Mtb is enclosed in the cell’s phagosome and then disrupts 
this organelle to continue the infection process into the infected cell. 
Mechanisms of phagosome disruption and cytosolic survivance of the Mtb 
remains unknown to date, but, as many cells biological parameters may 
change depending on cytosolic access of a pathogen, the question of the 
intracellular fate of Mtb is crucial for our understanding of the infection.  
Another striking lack of knowledge is regarding the invasion of Mtb at the 
tissue level. So far, the current methodologies (in vivo using small animals 
or 2D cell culture) failed to visualize the infection in a physiological context. 
The new “organ on a chip” technology allows biomimicking a human 
functional organ, enabling the study of the dynamics of host-pathogen 
interaction in a realistic environment.  

THE PROJECT 

The project brings together three teams from Institut Pasteur Paris and 
Institut Pasteur Lille with complementary skills and will use most 
sophisticated and cutting-edge technologies to decipher the Mtb 
infection profile and pathways in human ex vivo. 
The researchers will screen the host factors involved in phagosomal 
disruption using patient’s derived induced pluripotent stem cells (iPSC). 
Very little is yet known regarding the invasion of Mtb at the tissue level.  
Indeed, lung tissues are a multicellular organization that is constantly 
exposed to mechanical forces like pressure, shear stress and other 
mechanical forces. The researchers will develop a lung-on-a-chip model 
from iPSC-derived human organoid to biomimic functional human 
organs.. This model coupled to quantitative imaging, will enable the 
study of the dynamics of host-pathogen interactions in a realistic 
environment. Applying this system to Mtb should shed light on the yet 
unanswered questions concerning the very early steps of mycobacterial 
invasion. The expected findings of the project thus will pave the way for 
novel and complementary intervention strategies, including host-
directed therapy for countering antimicrobial resistance. 

There are around 
500,000 multi-drug 
resistant (MDR) TB 
cases worldwide each 
year. 

In 2020, an estimated 10 
million people developed 
active TB, resulting in 1.5 
million deaths and making 
it the second leading cause 
of death from an infectious 
disease. 

24 / 69



1 INCENTIVE RESEARCH PROGRAMS - SPAIS 

Tuning the ADAR1 RNA editing enzyme to boost type I IFN 
and NK cell innate immune responses in the model of HPV-
transformed cells  
Project PTR n°432-2021 

SCIENTIFIC COORDINATOR 
Dr Cristina CERBONI, Laboratory of Molecular Immunology and 

Immunopathology - Institut Pasteur Roma, Italy 

PASTEUR NETWORK COLLABORATORS 
Dr Jean-Pierre VARTANIAN - Institut Pasteur Paris, France 
Dr Marcel HOLLENSETEIN - Institut Pasteur Paris, France 

PROJECT SUMMARY 

KEYWORDS 

Human papilloma viruses (HPVs), cancer, epithelial cells, immune response, ADAR, cell model, 3D bio-
printing, live cell assay, cervical cancer, immune system, interferon (IFN)  

WHAT IS THE ROLE OF ADAR1 IN INNATE IMMUNE RESPONSES CONTROLLING hrHPV-DRIVEN TUMORIGENESIS?

BIOPSIES AND 
IMMUNOPHENOTYPIC 

CHARACTERIZATION
Characterization of the immune cells

infiltrating the cervical cancers.

3D BIO-PRINT, ROBOTIC 
MICRO-DEPOSITION

In vitro protocol to reproduce in 3D 

skin-like structures to mimic cell
interactions and motility

§ Identification of novel suppressors of innate immune responses

§ Definition of new therapeutic targets and interventions

§ Production of new molecules to modulate ADAR1 to cure cancers

§ In Vitro protocol for the generation of 3D skin-like structures
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LIVE-CELL, RNAseq and ELISA
Samples from patients’s and cell lines

Measure of the impact of different forms of 
ADAR1 on cells phenotypes and RNAs. 

Molecular rescue testing.

HUMAN PAPILLOMA VIRUSES (HPVs) 
IMPACT HUMAN HEALTH

HPVs EVADE IMMUNE SYSTEM ADAR1: A MASTER REGULATOR OF 
IMMUNE RESPONSES AS 

THERAPEUTIC TARGET

CO-CULTURE 
AND SECRETOME

Analyze the impact of ADAR1 

manipulations in cancer cells on the 
release of soluble factors and cell-cell

contacts with immune

• 29% of cancers related to infections involve HPV

• 80% of the sexually active population is at risk to 

be infected if not vaccinated Low proteins charge 
promptly transfered

in cell’s nucleus

Proteins transfer to 
skin layer with less

immune detecting cells

Minimization of 
antigen production

Viral proteins block
immune-regulated

gene expression and 

signalling

• ADAR1 is hyperexpressed
and hyperactivated in 

tumors

• When inactivated, tumour

cell survival is reduced

Mediate the 
immune response

by detecting

cellular own RNA 

folding
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HUMAN PAPILLOMA VIRUS 

Human papillomaviruses (HPVs) are double-stranded DNA viruses and are 
the most common sexually transmitted infectious agents worldwide. 
Although most HPV infections do not cause cancer, HPVs are associated 
with 5% of cancer development worldwide. In fact, some HPV types can 
cause cancer in the uterus, anus, penis, vagina, vulva, and oropharynx. To 
date, more than 180 HPV subtypes have been identified. Of these, 14 HPV 
are classified as carcinogenic, with the high-risk types (hrHPV) HPV16 and 
HPV18 responsible for near 70% of cervical cancer cases. 

Persistence of HPV and passage through precancerous stages are required 
for the development of an HPV-associated tumor. It can take 10 to 20 years 
for a premalignant condition to develop into cancer because the virus is able 
to evade the host immune response and -among several immunoevasion 
mechanisms - to  suppress type I interferon (IFN) signaling in infected cells. 
Vaccines exist, but insufficient availability and coverage make HPV 
infections a major global health problem. Therefore, it is important to identify 
novel mechanisms of hrHPV-mediated immune evasion to understand how 
this virus can consistently infect unreactive cells and promote cancer. 

ADAR1 IN THE IMMUNITY AGAINST CANCER 

There are various pathways to activate immune responses. For instance, 
ADAR1 is considered as a "master regulator" of cytoplasmic innate 
immunity. Indeed, ADAR1 prevents immune system "false starts" against 
"own" RNAs. But, ADAR1 activity is elevated in most tumor types. Moreover, 
inactivation of ADAR1 in cancer cells has been shown to decrease their 
survival.That’s why the question has been raised whether cancer cells use 
ADAR1 activity to evade immune surveillance. In addition, ADAR1 may also 
contribute to tumorigenesis through its role as a suppressor of IFN-I-
mediated inflammation. These observations make ADAR1 an interesting 
candidate to be studied to better understand how hrHPVs bypass the 
immune system. 

THE PROJECT 

By combining diverse expertise within the Pasteur network and using 
breakthrough technological approaches such as aptamer technology and 
3D bioprinting of skin-like structures, the teams aim to identify novel 
mechanisms and regulators that suppress the innate immune response in 
hrHPV-transformed cells, with the ultimate goal of defining new therapeutic 
targets and interventions. The project will characterize, for the first time, 
edited RNAs and recurrent edited sites mediated by ADAR1, by RNA 
sequencing and computational analysis. ADAR1 interacting proteins will 
also be studied to identify novel partners. The project will provide new 
therapeutic modalities for the treatment of HPV-related cancers or for the 
development of HPV vaccines. 

In women, cervical cancer 

is the second most common 

cause of cancer death, with 

the virus detected in over 

99% of cases. 
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EvoLeish: Mapping mechanisms of evolutionary adaptation 
underlying fitness gain in New World L.infantum strains
Project PTR n° 435-2021 

SCIENTIFIC COORDINATOR 
Dr Mariana BOITÉ, Laboratory of Research on Leishmaniasis, Instituto 
Oswaldo Cruz, Fiocruz, Brazil 

PASTEUR NETWORK COLLABORATORS 
Dr Gérald SPAETH - Institut Pasteur Paris, France 

Dr Albert DESCOTEAUX - Institut Armand Frappier Québec, Canada 

PROJECT SUMMARY 

` 

KEYWORDS 

Leishmaniasis, L. infamtum, New World L. infantum, American Visceral Leishmaniasis, adaptation, 
deletion, Molecular genetics, reverse genetics, forward genetics, genome editing, Epigenetics, 
functional genomics, parasite, innate immunity, host-pathogen  
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VICERAL LEISHMANIASIS: A HUMAN HEALTH DANGER 

Leishmaniasis is a disease caused by protozoan parasites of the genus 
Leishmania. Visceral leishmaniasis (VL), also known as kala-azar, is the 
most severe form and present  high mortality rates without proper diagnosis 
and treatment. In the Americas the disease is a zoonosis caused by L. 

infantum, and clinical signs are characterised by irregular episodes of fever, 
significant weight loss, swelling of the spleen and liver, and severe anaemia. 
VL is a global public health problem, mainly affecting poor populations in 
Asia, East Africa, South America, and the Mediterranean region. The 
increase in lethality and the limited therapeutic options reveal the urgent 
need for therapeutic alternatives. Miltefosine is an oral drug available for 
leishmaniasis treatment, aproved to treat dogs (the main reservoir) but not 
for human VL treatment in Brazil. Currently, there are some effective 
leishmaniasis vaccines for dogs, but not for human. 

FOCUS ON AMERICAN VICERAL LEISHMANIASIS HISTORY!

American Visceral Leishmaniasis (AVL) is a persistent public health 
challenge in the continent and represents one of the major vulnerabilities in 
infectious disease management in Brazil. Although VL is a major national 
health problem, little attention has been paid to the key player: the New 
World (NW) L. infantum parasite itself. 
Although they share the same origin, Old World and New World strains of 
L. infantum have been exposed to different environmental conditions over 
the past 500 years since the introduction of the parasites to the New World 
by the Spanish/Portuguese conquest, resulting in different evolutionary 
pathways for the two groups of parasites. 
For instance, a significant evolutionary change has been described in L. 
infantum circulationg in the continent: the widespread distribution of an 
inherited genomic trait, a complete genomic deletion of 12 Kb, likely due to 
long-term adaptation to the ecology of the NW. It is likely that, coupled to 
genomic changes, there are biological traits that ultimately affect relevant 
epidemiological characteristics, such as drug resistance, virulence, and 
transmissibility by vectors. 

THE PROJECT 

This project brings together three teams of Pasteur Network with 
complementary expertise in clinical epidemiology (team of M. Boité), 
molecular parasitology (team of G. Spaeth) and host/pathogen interaction 
(team of A. Descoteaux) to specifically evaluate differences in virulence and 
host immune response between NW L. infantum genotypes, and their 
association with the genomic 12Kb deletion cited above.  
Recent data revealed the widespread distribution and high frequency of 
deletion carrying (DEL) L. infantum strains (126 of 177) and the occurrence 
of a divergent non-deletion (NonDEL) group in southwestern Brazil. 
Importantly, until now, this deletion has been detected only among NW 
strains, suggesting that this important genomic change is under positive 
selection in Brazil and thus highly relevant to the local dynamics of L. 

infantum infection. Through this multi-disciplinary project, the researchers 
aim at 1) characterizing the phenotypes of Brazilian L. infantum isolates 
carrying the deletion (DEL) or not (NonDEL) by in vivo and in vitro infection 
models to assess immune response and virulence profiles, 2) analyzing the 
functional-genetic and systems-level of their genomic and no-genomic 
adaptation, and 3) assessing the immunomodulatory consequences of this 
adaptation.  
This proposal will provide an unprecedented opportunity to uncover novel 
mechanisms of Leishmania environmental adaptation and fitness gain 
under clinically relevant conditions. 
 

VL is the second-largest 
parasitic killer in the world 
(after Malaria) responsible 
for an estimated 20,000 to 
30,000 deaths each year 
worldwide. 

If not treated, the fatality 
rate of Viceral Leishmaniasis 
can reach 100% within 2 
years.  
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Spatially resolved proteomics and morphodynamics of 
hematopoeietic stem cell aortic precursors
Project PTR n° 439-2021 

SCIENTIFIC COORDINATOR 
Dr Anne SCHMIDT, Macrophages and Development of Immunity 
Hematopoietic Stem Cells and Niches - Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Jean-Christophe OLIVO-MARTIN - Institut Pasteur Paris, France 

Dr Mariette MATONDO - Institut Pasteur Paris, France 

PROJECT SUMMARY 

KEYWORDS 

Zebrafish, blood, blood cancer, stem cell, immunity, hematopoiesis, hematopoietic stem cell, HSC, 
embryogenesis, regenerative medicine, bona fide, transient niche, ArhGEF11, APEX2, zebrafish, in 
vivo, bone marrow 

29 / 69



 

 2 INCENTIVE RESEARCH PROGRAMS - SPAIS 

THE ORIGIN OF HEMATOPOIETIC STEM CELLS 

The body's immunity needs to constantly adapt to changing conditions with 
the support of blood cells that have the ability to self-renew. This renewal 
depends on a small number of hematopoietic stem cells (HSCs) inherited 
mostly from embryonic life. HSCs are mostly produced during embryonic 
development from major vessels. To produce HSCs with long-term 
replenishment potential, it is important to study their genesis in the 
developmental context, from arterial components, as well as their 
maintenance in adequate niches. Recent studies have successfully 
produced genetically engineered HSCs in vitro, which is encouraging for 
regenerative medicine. However, reprogramming via the expression of 
specific sets of transcription factors may lead to leukemia later on. Hence, 
studying - in native conditions -, the cellular and molecular events leading 
to HSC precursor cell biogenesis as well as the biological processes 
allowing robust acquisition/maintenance of their sternness potential is 
crucial. 
 

HSC EMERGENCE REMAINS AN ENIGMA!

Live imaging in the zebrafish embryo model established that HSCs arise 
from hemogenic endothelial cells in blood vessels, a process known as the 
endothelial-to-hematopoietic transition (EHT). The consortium teams 
demonstrated that this non-conventional cell extrusion process occurs 
according to sequential steps requiring critical dynamic rearrangements 
involving adjoining endothelial cells. The teams are investigating how 
mechanical constraints impact on the morphodynamics of EHT cells, in 
particular blood flow. To date, however, a lot remains unknown regarding 
EHT biomechanics and regulation and how it affects their downstream cell 
fate. Further research is therefore needed to understand all mechanical and 
signaling components involved in hematopoietic stem cell genesis before 
achieving their production in vitro, for the regenerative medicine. 

 

THE PROJECT 

This research proposal aims to study the process of hematopoietic stem cell 
precursors emergence from the aortic wall, which is an unusual process of 
cell extrusion because exposed to the mechanical forces of blood flow. The 
research will be carried out by three specialized teams in cell/developmental 
biology, protein biochemistry/proteomics, and theoretical biophysics/image 
analysis. Two complementary approaches, dynamic 3D modeling based on 
high spatio-temporal confocal microscopy acquisitions and spatially 
resolved proteomics, will be used to develop the translational requirements 
of this research topic. The teams will work to characterize the essential 
biomechanical parameters of the emergence process, including the 
modeling of forces, intercellular rearrangements, evolution through time of 
junctional interfaces. They will also develop, in the zebrafish embryo model, 
proximity biotinylation using the APEX2 peroxydase so as to identify protein 
complexes involving ArhGEF11, a Rho-GTPase coupled to G-protein 
coupled receptor signaling and controlling junction recycling and 
actomyosin contraction. Ultimately, this research will contribute to unveil the 
mechanisms underlying this unusual process of cell extrusion that leads to 
the genesis of essential cell types that constitute our blood and immune 
systems. 

HSCs emerge during a very 
narrow time-window of 
approximately 2 days 
during the embryonic 
development of vertebrate 
species 
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Proof of concept study: targeting DENV NS1 to reduce 
viremia and alleviate plasma leakage
Project PTR n° 448-2021 

SCIENTIFIC COORDINATOR 
Dr Kyu-Ho Paul PARK, Screening Discovery platform - Institut Pasteur 
Korea, Seoul, South-Korea 

PASTEUR NETWORK COLLABORATORS 

Dr Régis GRAILHE Institut Pasteur Korea, Seoul, South-Korea 

Dr Marc WINDSICH- Institut Pasteur Korea, Seoul, South-Korea 
Dr. Dimitri Lavillette, Institut Pasteur Korea, Seoul, South-Korea 
Dr Marie FLAMAND – Institut Pasteur Paris, France 

Dr Xavier MONTAGUTELLI – Institut Pasteur Paris, France 

PROJECT SUMMARY 

` 

KEYWORDS 

Virus, arbovirus, flavivirus, Dengue, DENV, NS1, high-throughput, high-content, screening, chemical 
library, BRET, infection assay, ELISA, preclinical, mouse model, antivirals.  

IS IT POSSIBLE TO DEVELOP A TREATMENT AGAINST FLAVIVIRUSES TARGETING THE NS1 BIOSYNTHESIS ?

STRUCTURE ACTIVITY

RELASHONSHIP ANALYSIS

To select the best potent anti-NS1 and 

anti-viral compound 

INFECTION ASSAYS

IN CELL MODELS

Determination of the identified

compounds molecular Mode of Action
and impacts on NS1 secretion

LIBRARIES SCREENING

Identification of compounds compatible 
with DENV antiviral activity

and NS1 biogenesis inhibitor

§ Proof of concept of the efficiency of targeting NS1 to fight against flaviviruses

§ Potential industrial applications providing drug against Dengue

§ Knowledges on the poorly known dengue virus cycle of life

§ Knowledge and skill diffusion across the Pasteur Network
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MOUSE MODEL

AND DENGUE VIRUS STRAINS

Proof of concept into preclinical step

Jaundice, respiratory
distress,  hemorragic

fever, coma, vomiting…

Virus pass though the skin, blood stream
and reach different organs

FLAVIVIRUSES  GLOBAL BURDEN

Infected mosquitoe bite

NS1: A PROTEIN TO TARGETFOCUS ON THE DENGUE FLAVIVIRUS (DENV)

Neo-infected
mosquitoe

More infected
people

Non Structural 

protein 1 (NS1)

Viral
replication

Immune 
evasion

Plasma 
leakage, 
Hemorrhage

Highly conserved
across flaviviruses

• 390 million infections yearly

• Recent viruses emergence (Zika, 

West Nile…)

• No specific treatment or vaccine 
available for most flaviviruses

??
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FLAVIVIRUSES COMPLEX HANDLE 

Dengue (DENV), Zika (ZIKV), yellow fever ( 5FV), Japanese encephalitis 
(JEV), West Nile virus (WNV), and tick-borne encephalitis (TBEV) are 
transmitted by arthropods and can cause a variety of symptoms in humans, 
from a nonspecific febrile illness to more severe conditions such as 
encephalitis, meningitis, or hemorrhage and shock. Diagnosis of these 
diseases can be difficult because of overlapping early clinical symptoms and 
cross-reactive antibodies. In the specific case of dengue fever, despite 
preventive measures such as mosquito vector control and vaccine 
development, the number of cases reported worldwide has increased 
dramatically in recent decades, highlighting the need for specific therapy. 
Although drug discovery programs have focused on the viral and host 
targets required for infection, drug candidates tested in clinical trials have 
not successfully alleviated the condition in patients. 

NS1 VIRAL SEQUENCE AS A TARGET TO FIGHT FLAVIVIRUSES!

Flaviviruses have RNA as genetic material that encodes proteins important 
for replication and immune response, including NS1. Recent research has 
shown that NS1 plays a key role in the virulence of flaviviruses such as 
dengue virus and is a potential target for antiviral drugs. Several studies 
have shown that deletion or mutation of the NS1 sequence can prevent viral 
replication. In addition, immunization or infusion of NS1-specific antibodies 
may provide protection against subsequent infection. These reports support 
the hypothesis that inhibition of NS1 biogenesis will reduce viral replication, 
immune escape of infected cells, and NS1-related pathologies. 

THE PROJECT 

The project aims to (a) identify small molecules capable of inhibiting DENV 
NS1 biosynthesis either directly or indirectly, (b) identify those that are non-
cytotoxic, (c) reduce dengue infection in vitro, and (d) reduce virus progeny 
and NS1 secretion. Following a preliminary structure-activity relationship 
study, the safest and most effective molecules will be tested in vivo in an 
appropriate flavivirus infection model. The teams hope to provide proof of 
concept demonstrating that targeting DENV NS1 could be a good 
therapeutic option to combat dengue and related flaviviral diseases. By 
using high-throughput small molecule screening, in silico medicinal 
chemistry, and small animal models that recapitulate dengue disease 
characteristics, the consortium aims to develop a potential drug that can 
alter NS1 biogenesis and have potent antiviral activity. 

Currently, 3 vaccines against 
Dengue exist, but no specific 
treatment is available. 

Between 2015 and 2019, 
number of deaths due to 
Dengue ranged from 8,573 
to 22,169 per year. 
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High-Resolution virome of mosquitoes coupled to the quest 
for novel human arboviruses in Madagascar 
Project PTR n°458-2021

SCIENTIFIC COORDINATOR 
Dr. Marc ELOIT, Pathogen Discovery Laboratory- Institut Pasteur Paris, 
France 

PASTEUR NETWORK COLLABORATORS 
Dr Philippe DUSSART - Institut Pasteur Madagascar 

Dr Romain GIROD - Institut Pasteur Madagascar 
Dr Matthieu SCHOENHALS– Institut Pasteur Madagascar 
Dr Rindra RANDREMANANA - Institut Pasteur Madagascar 

Vincent LACOSTE -Institut Pasteur Madagascar 

PROJECT SUMMARY 

` 

KEYWORDS 

Arbovirus, mosquitoes, arthropod, emergence, outbreak, epidemic, diagnostic, screening, LIP, 
seroprevalence, NGS, viriome, Madagascar, 

WHAT ARE THE DIFFERENT VIRUSES PRESENT IN MADAGASCAR MOSQUITOES AND HUMAN / MOSQUITOES INTERFACES ?

POPULATION SEROSURVEY LIPS

(Luciferase Immunoprecipitation Systems)

To screen antibody production in 

exposed populations: identification of 
targets for serological screening

MOSQUITOES VIROME

RNA analysis to identify viral genetic
material present in mosquitoes

ANTIGENIC AND RT-PCR TESTS 

DEVELOPMENT

To screen deeper the presence of 

viruses which aren’t detected with
current tests.

§ Development of specific antibody tests and PCRs to conduct epidemiological analysis on novel viruses

§ New insight into the landscape of zoonotic risk in Madagascar, relevent for Public Health guidelines

§ Knowledge and skills diffusion across the Pasteur Network about different biotopes.

§ Potential patent applications for protection against novel mosquito-borne viruses and global surveillance tool.
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MOSQUITOES AND HUMAN SERUM 

SAMPLING FROM FIELD

During dry and rainy season

ARBOVIRUS: MODERN GLOBAL HEALTH RISKS
EVIDENCE OF THE SPREAD OF 

POTENTIALLY DEADLY VIRUSES

ARBOVIRUSES: ARthropod-BOrne VIRUSes

Flaviviridae: Hepatitis C è 399,000 † yearly

Togaviridae: Chikungunya è 10,000 † yearly

Bunyaviridae: Crimean-Congo fever è 3,000 † yearly

(non-exhaustive list)

• One of the world’s top biodiversity hotspot

• Close interactions between wildlife, lifestock
and humans

• Experienced several recent outbreaks of 

emerfing infectious diseases

• Weak healthcare infrastructures

MADAGASCAR: VULNERABLE TO 
OUTBREAKS

ZIKA EVOLUTION 

1) Decades poorly symptomatic or asymptomatic

2) Circulation, adaptation to other environments

3) Outbreak emergence in 2007 with severe forms

Is it possible to identify currently circulating

arboviruses before they emerge?
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ARBOVIRUSES OUTBREAKS: MAJOR HUMAN HEALTH RISKS 

Arboviruses are viruses transmitted by arthropods such as mosquitoes that 
have significant social and economic consequences, including fatalities. 
Over the past 25 years, these viruses have caused dramatic outbreaks 
resulting in widespread morbidity and mortality. According to the World 
Health Organization (WHO), mosquito-borne diseases such as dengue, 
Zika, and chikungunya affect millions of people worldwide. In addition to the 
human cost, these outbreaks have significant economic consequences, 
particularly in low- and middle-income countries with inadequate health 
infrastructure. For example, the Zika virus, once considered a mild disease, 
has been linked to severe birth defects, including microcephaly, since 2015. 
Overall, arboviruses continue to pose a significant public health threat, and 
the burden of these diseases is likely to increase in the coming years. 
Effective surveillance, control measures, and vaccine development are 
needed to mitigate these risks. 

MADAGASCAR: A MICROCOSM FAVORABLE FOR RESEARCH!

In addition to known viruses, other unknown or unexpected mosquito-borne 
arboviruses can infect a significant proportion of the human population in 
Asia or Africa without being detected because of asymptomatic, 
paucisymptomatic, or obvious but unrecognized viral infections. Islands are 
known hotspots for emerging mosquito-borne viruses because of specific 
factors that make them susceptible to epidemics. In the recent past, they 
have acted as amplifier hotspots for mainland regions. Madagascar 
represents a microcosm for globally relevant zoonotic disease research. 
The high risk of disease is overlaid by a range of socioeconomic and 
environmental circumstances that can influence the spread of disease, such 
as high population growth, rapid deforestation, climate warming, and 
changing rainfall patterns. 

THE PROJECT 

The project combines high-throughput techniques for inventorying viruses 
in mosquitoes and then detecting human infections at well-defined human-
mosquito interfaces in Madagascar. Initially, teams will collect mosquitoes 
in a selected area of Madagascar and analyze arthropod samples to identify 
novel human arboviruses and understand the typology of viruses that do not 
infect humans. The project will use a variety of techniques to identify and 
confirm the presence of new viruses, including phylogenetic analysis, 
molecular biology techniques, and immunoprecipitation assays. The project 
also includes capacity building and on-site training in pathogen 
identification/discovery using Next Generation Sequencing (NGS) 
technology. The long-term goal of the project is to disseminate similar 
programs and build capacity throughout the Institut Pasteur network to 
expand targeted diagnostics for arbovirus-like syndromes and elucidate the 
causes of viral emergence. 

In Madagascar there are 
more than 200 species of 
mosquitoes referenced 

Mosquito-borne diseases 
claim around 50,000 deaths 
yearly. 
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Tackling a Global Emerging Threat: 
Multidrug-Resistant Yeast Candida auris
Project PTR n° 459-2021 

SCIENTIFIC COORDINATOR 
Dr Sadri ZNAIDI, LR16IPT01- Institut Pasteur Tunis, Tunisia 

PASTEUR NETWORK COLLABORATORS 
Dr Marie-Elisabeth BOUGNOUX - Institut Pasteur, Paris, France 

Dr. David SHUM – Institut Pasteur Seoul, Korea 

PROJECT SUMMARY 

KEYWORDS 

Candida, Candidiasis, Candida auris, multi-drug resistance, fungi, antifungal drug, screening, high-
throughput drug screening, HTS, kinase, mouse model, doxycycline, inducible expression, genetic 
ressource 

WHAT ARE THE KEY DECISIONS MAKING PROTEINS (KINASES)  TO THE PATHOGENESIS OF CANDIDA  AURIS (C.AURIS) ?

C.AURIS ENGINEERED STRAINS PHENOTYPING

Using a mouse model to identify the role
of each C.auris kinase (kinome) 

HIGH-THROUGHPUT DRUG SCREENING

To identify a drug that would be an inhibitor
of identified key decision-making kinase

§ Creation of genetic resources about C.auris essential proteins and antifungal potential

§ Drug discovery thanks to the C.auris strains created in the genetic ressource

§ Skills and knowledge building across 4 Pasteur Institutes from the Pasteur Network 
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GENETIC ENGINEERING

Creation of a genetic ressource of  C.auris strains with
individually conditioned kinases inactivation

CANDIDA AURIS: A GLOBAL HEALTH BURDEN C.AURIS’S PATHOGENIC MECHANISMS TOOLS ARE NEEDED

• 2009: Year of the first identified case in Japan

• 50 countries declared contamination

• Up to 60%: Mortality rate (depending on the strain)

• Twice higher: number of cases in EU in 2021 
compared to 2020

• Diagnostic tool: PCR assays and Mass 
spectrometry with limited accuracy

• No vaccine

• Difficult to erase from hospital

with current protocols

• Up to 100%: resistance to treatments

Adherence to host tissues and biofilm production
èprotective, allow immune system evasion

Switch yeast / filamentous forms
è easier host colonization

Mutation of genes targeted by antifungal drugs, efflux 
pump overexpression… è drug resistance

C.Auris
colony

Impact on 
C.auris colonization?

Drug
+ Doxycycline 

(Dox)

Reduced C.Auris

colonization ?

Dox

Impact on the pathology?

C.Auris

Kinase OffKinase

Off

Kinase

On

Doxycycline

Normal C.Auris

colonization
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CANDIDIASIS BURDEN ON HUMAN HEALTH 

Candidiasis is a fungal infection caused by the Candida species and can 
significantly impact human health. The severity of the infection can range 
from mild superficial infections such as thrush, affecting the mouth or 
genitals, to life-threatening systemic infections in immunocompromised 
individuals. The overgrowth of Candida can also lead to various chronic 
health conditions such as irritable bowel syndrome, chronic fatigue 
syndrome, and autoimmune diseases. Candidiasis can be particularly 
problematic in individuals with weakened immune systems, such as those 
with HIV/AIDS, cancer patients, and those taking immunosuppressive 
drugs. Additionally, the overuse of antibiotics and other medications, as well 
as lifestyle factors such as high sugar diets and stress, can contribute to the 
overgrowth of Candida and increase the risk of candidiasis. 

CANDIDA AURIS SPECIFIC CASE!

Candida auris (C.auris) is an emerging drug-resistant pathogen causing 
recent hospital outbreaks worldwide and is highly transmissible. Little is 
known about the mechanisms underlying the pathogenicity and drug-
resistance potential of C.auris. The emergence of multidrug-resistant yeast 
Candida auris has led to major hospital outbreaks worldwide, and 
conventional identification methods have limited accuracy. Therefore, there 
is a need to design strategies that use genetic and functional genomics 
approaches to investigate C. auris pathogenicity and drug-resistance 
mechanisms. In response to this need, the Pasteur Network has launched 
an initiative to create a genetic resource to study C. auris "decision-making" 
proteins, called kinases, and identify essential ones. 

THE PROJECT 

The proposed project has three objectives. The first objective is to create a 
genetic resource in C. auris for functional studies of its pathogenicity and 
drug resistance traits, focusing on key decision-making proteins called 
Kinases. The second objective is to implement in vitro and in vivo functional 
analyses to identify essential kinases in C. auris. The teams will use 
phenotypic profiling and animal models of C. auris infection to identify 
central kinases that control drug resistance and virulence. Finally, the 
consortium will use chemical/drug-screening assays to target C. auris 
essential kinases, thus setting the ground for a scientific campaign against 
this global emerging threat. The project will be implemented in three work 
packages and will involve four members of the Pasteur Network directed 
toward fighting against C. auris. Overall, this project will provide valuable 
insights into C. auris pathogenicity and drug resistance, as well as lead to 
the development of novel antifungal drugs. 

C. auris has been 
identified in more 
than 30 countries. 

Candida infections are 
accompanied by high 
mortality rates that range 
up to 60% 
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Centrosome and basal body function 
in human parasites
Project PTR n°474-2021 

SCIENTIFIC COORDINATOR 
Dr Maria E. FRANCIA, Apicomplexan Biology - Institut Pasteur 
Montevideo, Uruguay 

PASTEUR NETWORK OR INSTITUT PASTEUR (PARIS) 

COLLABORATORS 
Dr Mathieu GISSOT - Institut Pasteur Lille, France 

Dr Philippe BASTIN - Institut Pasteur Paris, France 

PROJECT SUMMARY 

` 

KEYWORDS 

Parasite, trypanosomatids, apicomplexa, Trypanosoma brucei, Toxoplasmosa gondii, flagella, centriole, 
centrosome, basal body, phylogeny, cell division, mass spectrometry, proteomics, cell model, fusion-
proteins, RNAi, Immunofluorescence, protein structure 

CAN CENTRIOLES PROTEINS BE  LARGE SPECTRUM TARGETS AGAINST HUMAN PARASITES ?

PARASITES CELL MODELS

RNAi, CRISPR/cas9, proteomics
BIOINFORMATICS

Proteins structure 
prediction & domains analysis

PHYLOGENY

Distribution of centrosome 
proteins across evolution

§ Novel  detail insight into the role of several proteins in centriole/basal body biology and coordination into the cell

§ New parasite evolutionary precise description

§ New routes for designing drugs against parasites, targeting one of their essential component
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SUPER-RESOLUTION MICROSCOPY

Immunofluorescence localization
of proteins in cells

TOXOPLASMA GONDII AND TRYPANOSOMA BRUCEI
CENTROSOME AND HOMOLOGS : 

TARGETS AGAINST PARASITES

CENTROSOME KNOWLEDGES ARE 

TRANSPOSABLE

Toxoplasma gondii

(Apicomplexa)

Trypanosoma brucei

(Trypanosoma)

CENTROSOME

Homologs in the
basal body of 

the flagellum

Mobility

Essential for
cell division

Pathogenesis
CENTROSOME

§ Cancers

§ Ciliopathies

§ Microcephaly

…

Involved in
Toxoplasmosis Sleeping sickness

Good amenable models to study the basic 
biology and evolutionary conservation of 

shared mechanisms of parasitism. 
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HUMAN PARASITES: APICOMPLEXA AND TRYPANOSOMA 

Parasitic infections caused by protozoan parasites have a considerable 
impact on human and animal health. Parasites can be transmitted to 
humans by another host or, for some, during pregnancy, where the 
parasite can be transmitted to the fetus. 

The phylum Apicomplexa, includes over five thousand species of single-
celled parasites, all of which are pathogenic to humans and other 
vertebrates. Among the Apicomplexa are Toxoplasma gondii (T. gondii), 
which causes toxoplasmosis, and species of plasmodium responsible 
malaria, one of the deadliest parasitic disease. Trypanosomatids are 
extracellular parasites responsible for notorius human and animal pathogies 
such as sleeping sickness caused by Trypanosoma brucei (T. brucei). 
This disease can be fatal because the parasite invades the nervous system. 

Although human infection with these parasites is declining, their socio-
economic impact remains a major burden on human health. In addition, 
while drugs exist for some of these parasites, drug resistance occurs, or 
drugs are not active against all of their life forms. There is a need to find 
new therapeutic approaches for these pathogens. 

FOCUS ON THE TOPIC 

Despite their differences, Trypanosomatids and Apicomplexa share 
common features. For instance, the centriole, which is an essential cellular 
structure for those parasites as it allows the cell division (Apicomplexan) 
and the flagellar organisation (Trypanozomatids in general). More 
informations on these structures components would pave the way to new 
therapeutical targets and routes which could be exploited in the 
development of novel therapeutics from both Apicomplexa and 
Trypanosomatids. Toxoplasma gondii and Trypanosome brucei are 
amenable biological models to explore the basic biology of apicomplexans 
and trypanosomatids, respectively, and the evolutionary conservation of 
shared mechanisms of parasitism.  

THE PROJECT 

This project follow up the ACIP grant (076-2017) which allows the 
teams to gain robust expertises and knowledges on both 
Trypanosoma and Toxoplasma. They already identified novel component 
of the Apicomplexan centrosome and their homologs in Trypanosomatids. 
Now, the teams aims to go deeper in the description of the different 
functional domains and roles of the newly identified centrosomal proteins of 
Apicomplexan and to compare it to their homologs in the Trypanosomatids. 
The project will bring valuable evolutionary perspectives which can be used 
for rational design of new drugs targeting essential parasites cellular 
structures.  

About 30% of 
global human population is 
infected by Toxoplasma 
gondii. 

55 millions of persons 
are exposed to the 
Trypanosome brucei  
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Chemical RNA modifications in RIG-I-Like receptor Signaling
Project PTR n°483 - 2021 

SCIENTIFIC COORDINATOR 
Dr Anastassia KOMAROVA, GMVR - Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Marcel HOLLENSTEIN - Institut Pasteur Paris, France 

Dr Régis GRAILHE- Institut Pasteur Seoul, Korea 

PROJECT SUMMARY 

` 

KEYWORDS 

Influenza A viruses, IAV, RNA viruses, pandemic, influenza, zoonic infection, Pattern recognition receptors, 
PRR, RIG -I-like receptor, RLR, RIG -I, MDA5, LGP2, synthetic RNA, RNA, BRET, NGS, 

DOES NATURAL RLR WITH SYNTHETIC RNAs MODULATORS 
CAN BE INHIBITORS OF A BROAD SPECTRUM OF INFECTIONS ? 

IN VITRO 

TRANSCRIPTION

Production of synthetic labelled

optimized RLR-specific RNA ligand

EPITRANSCRIPTOMICS

Identification of post-transcriptionnal
modifications on purified RLR-spectific

IAV RNA ligands

TEST OF NATURAL IAV RLR-

SPECIFIC RNA LIGANDS 

EFFICIENCY IN CELLS

Binding to RLR in cells, activation of 
Immune response against

IAV and other viruses

§ Optimization of potential therapeutic approaches targetting RLR proteins

§ Identification of novel pharmacological pan-antivirals and antitumor strategies

§ Potential use on autoimmune disorders as RLR sensing is also affected in thoses diseases
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CELL CULTURE

CHROMATOGRAPHY AND SEQUENCING

Amplification of IAV in cells

Isolation and sequence description of 
RLR-spectific RNA ligands from IAV

INFLUENZA A VIRUSES (IAV) 
AND HUMAN HEALTH

IAV TRIGGER INNATE IMMUNE RESPONSE RLR AS THERAPEUTICAL TARGETS

§ 12,000 to 56,000
Number of people diying yearly because of 

seasonal Influenza viruses consequences on 

respiratory system worldwide

§ 151,700 - 575,400 

Number of deaths caused by a deadlier strain

worldwide in 2009 (strain H1N1pdm09)

IAV Cytokines and
interferons
production

SignalIAV are 
internalized

IAV RNA trigger 
proteins of host 

cytosolic Receptor

Ligand Recognition
Immune 

state

RLR

Synthetic RNA

Antiviral action (H5N1 & CHIKV)
Vaccine adjuvant (H1N1)
Cancer immunotherapy (pancreas)

Immunostimulant …

Already published examples of 
applications in mice models

RLRNew
Synthetic

RNA

?

Virus Replication
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THE INFLUENZA VIRUSES UNPREDICTABILITY 

Influenza viruses are single-stranded negative sense RNA viruses that 
belong to the Orthomyxoviridae family and pose a serious threat to human 
and animal health. Influenza A and B viruses, such as H1N1pdm09, H3N2, 
B-Victoria, and B-Yamagata, are responsible for seasonal epidemics.
Animal influenza viruses can occasionally be transmitted to humans,
resulting in zoonotic infections and, less commonly, human-to-human
transmission that can cause a pandemic. For example, the 1918 "Spanish
flu" pandemic was the worst in history, claiming up to 50 million lives
worldwide. Other major pandemics were caused by A(H2N2) in 1957,
A(H3N2) in 1968, and A(H1N1)pdm09 in 2009. The current pandemic
COVID -19 highlights that vaccine development  can take time, which is
hardly compatible with the crisis periods of pandemics. Therefore, broad-
spectrum antiviral drugs that modulate the innate immune response should
be considered as a means of inhibiting emerging RNA viruses, including
new influenza viruses.

RLR RECEPTORS AS PROMISING THERAPEUTICAL CANDIDATES !

Pattern recognition receptors (PRRs) are important for the recognition of 
viruses and immune response to it in the body. They include the RIG -I-like 
receptor (RLR) family, which contains three important members: RIG -I, 
MDA5, and LGP2. Upon recognition of viral material, RIG -I and MDA5 
trigger a cascade of events leading to activation of the innate immune 
response. LGP2 alone is not capable of triggering an immune response. 
LGP2 is an accessory factor that inhibits RIG -I-mediated signaling and, in 
synergy with MDA5, activates the immune response. RLRs are therefore an 
effective and attractive candidates for antiviral therapy, vaccine 
development, and cancer treatment. For this reason, synthetic RNAs have 
been developed as promising RLR modulators, but the exact processes 
behind the abilities of natural viral RNAs to interact with RLRs remain 
unclear. There is a great need to better understand them in order to develop 
new relevant therapeutic tools. 

THE PROJECT 

This project aims to gain a better understanding of the post-transcriptional 
modifications of RLR RNA ligands that play a role in the innate immune 
response to viral infections. Specifically, researchers will use influenza A 
virus as a model. They’ll take the RNA ligands specific to RLR and sequence 
them. Then, they will synthesize modified versions of those RNAs and 
develop an approach to detect RLR/RNA interactions in vitro and in living 
cells. Finally, reserchers will perform assays to identify specific RNA ligands 
that stop a broad spectrum of viral infections. This research brings together 
diverse disciplines such as virology, immunology, molecular biology, 
biochemistry, chemistry, and technological developments to gain insight into 
the structure and biochemical composition of natural RLR RNA ligands and 
develop new immunomodulators that can be used to improve human health 
and prepare for the next pandemics.

Since October 2022, the 
Centers for Disease Control 
and Prevention (CDC) has 
genetically characterized 
1,693 influenza viruses. 

A novel influenza virus 
strain emerges each year 
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Cyanobactins Against Microbes
Project PTR n°488-2021 

SCIENTIFIC COORDINATOR 
Dr Muriel GUGGER, Collection of Cyanobacteria - Institut Pasteur Paris, 
France 

PASTEUR NETWORK COLLABORATORS 
Dr Sylvie BAY - Institut Pasteur Institut Pasteur Paris, France 
Dr Inaki GUIJARRO - Institut Pasteur Paris, France 
Dr Fabrice AGOU – Institut Pasteur Paris, France 

PROJECT SUMMARY 

` 

KEYWORDS 

Cyanobacteria, cyanobactins, antibiotic-resistance, NGS, genome mining, antimicrobial, library 
platform, Syn-Cyanobactin 

IS IT POSSIBLE TO IDENTIFY NEW THERAPEUTIC AGENTS FROM CYANOBACTERIA  AND TO REPRODUCE THEM IN VITRO ?

PRODUCTION OF NEW 
SYNTHETIC CYANOBACTINS

Taking advantage of the genome mining

library and cyanobacteria production 
pathways versatility

SAMPLING ON FIELD
DATA BANKS EXPLOITATION
Collection and asembly of the

largest library possible 
of cyanobacteria

CYANOBACTINS ENGINERING
Development of protocols of use

in biotech and assesment

of antimicrobial potential

§ Comprehensive view of cyanobactins divercity on the field

§ Method to mimic cyanobactins in vitro at bioengineering scale

§ Identification of new antimicrobial agents

§ Strong training input for young researchers involved in Pasteur Network
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NEXT GENERATION SEQUENCING (NGS) 
AND GENOME MINING
Sequencing coupled to 

functionnal analysis of sequence of 
cyanobactins of interest to build

a comprehensive library

CYANOBACTERIA  DIVERSITY 
CYANOBACTERIA AS PHARMACEUTICAL 

AGENTS PRODUCTORS
CYANOBACTINS: STILL TO BE EXPLORED

• Adapted to extreme
environments: volcanic ash, 

glaciers, temperate zones…

• High morphological diversity • Anti-tumour
• Anti-inflammatory

• Anti-malarial

• Anti-bacterial

• Neuroprotectors…

Cyanobactins
• Diversity ?

• Biological activities?

• Pharmaceutical application?

41 / 69



2 INCENTIVE RESEARCH PROGRAMS - SPAIS 

BACTERIAS AS DRUGS PRODUCERS 

About half of the drugs currently in use are derivatives of natural products 
synthesized by microbes. These include cyanobacteria, bacteria that 
perform photosynthesis and contribute to the balance of CO2 and O2 in the 
atmosphere. They are also adapted to a wide range of environmental 
conditions. This adaptability is partly due to the fact that these bacteria have 
a variety of proteins and production pathways, particularly antimicrobial 
toxins that favor their colonization of the environment. So, cyanobacteria 
have traditionally been used as source materials for pharmaceutical studies. 
These bacteria are the most important primary producers of cyanobactins 
on Earth, peptides with remarkable biological activities that show great 
potential as antimicrobial, anticancer, and antiviral agents. As antimicrobial 
resistance is a growing burden to human health, there is an urgent need to 
develop pharmaceutically relevant new compounds, and cyanobacteria are 
an interesting natural source for such development. 

CYANOBACTINS AS NOVELSOURCE OF DRUGS!

Cyanobacterial biosynthesis provides ideal pathways for generating 
diversity and whose modularity can become an important source of natural 
products of societal interest asealy reproducible in vitro. This project 
consortium already has experience with this topic and has conducted a pilot 
study using genomes of cyanobacteria from Institut Pasteur collections. One 
of the conclusions is that the currently known cyanobacterial processes 
provide only a small glimpse of the potential of cyanobacteria to generate 
proteins of pharmaceutical interest diversity. A more comprehensive 
multidisciplinary approach is needed to unlock their full therapeutic 
potential. 

*Genomics to discover biosynthetic pathways of natural products and their
potential interactions.

THE PROJECT 

The Cyanobactins Against Microbes (CyAM) project combines synthetic 
biology, chemistry, structural analysis, and bioactivity assays to uncover the 
diversity, structure, biosynthesis, and activity of cyanobactins. In addition, 
the team will identify new cyanobacterins of pharmaceutical interest and 
gain a comprehensive overview of how they are produced in cyanobacteria. 
Then, the team will mimic production pathways in vitro to more efficiently 
generate cyanobactins of pharmaceutical interest.The production of pure 
cyanobactins identified in this project will provide the basis for testing their 
antimicrobial properties as a source of next-generation antibiotics. 

The teams already 
identified 79 novel 
cyanobactins precursors 
in the Microcystis and 
Planktothrix 
cyanobacteria strains 

There would be between 
3000 and 8000 different 
cyanobacteria species (still 
on debate)  
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Omic-based prognostic biomarkers of cervical cancer 
progression
Project PTR n°492-2021 

SCIENTIFIC COORDINATOR 
Dr. Nicolas BERTHET, Oncogenic virus epidemiology and 
pathophysiology- Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Richard NJOUOM - Institut Pasteur Yaounde, Cameroun 

Dr. Antoine GESSAIN – Institut Pasteur Paris, France 

PROJECT SUMMARY 

` 

KEYWORDS 

Cervical cancer, cancer, human papillomavirus, HPV, omics, bisulfite sequencing, sequencing, next 
generation sequencing, diagnostic, human cohort, methylation, genome, virus, Next Generation 
Sequencing, NGS 

IS IT POSSIBLE TO PREDICT CERVICAL CANCER DEVELOPMENT BY COMBINING A NUMBER OF BIOMARKERS OF 
METHYLATION AND HPV DNA INTEGRATION? 

BISULFITE AND NANOPORE 

SEQUENCING

Determination of this technique’s

relevance to measure methylation
imprint to predict cervical cancer 

progression

NEXT GENERATION SEQUENCING

Identification of HPVs strains
present in the cohort

Identification of the HPV DNA insertion 
site into the patients DNA

DIAGNOSTIC TOOL DEVELOPMENT

Tests of algorithms to select relevant 
biomarkers identified in the project. To 

diagnose cervical cancer and pre-
cancerous cases. 

§ New molecular tools for faster identification of major HPV genotypes in high-risk and female populations

§ Better identification of women at higher risk of their lesion progressing to malignancy

§ Opportunity to address cervical cancer as a major public health problem in Cameroon and China

§ Creation of new relationships between research teams in Cameroon and China
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LARGE HUMAN SAMPLING

To build cohort of 300 women with
precancerous and cancerous lesion

HUMAN PAPILLOMA VIRUSES (HPVs) 
IMPACT HUMAN HEALTH

• 29%of cancers related to infections involve HPV

• 75% of the sexually active population has a risk

to be infected

• > 99% of the cervical cancer cases are linked to 
infection with HPV

HPV MOLECULAR CARCINOGENESIS
CURRENT STRATEGIES AREN’T ENOUGH 

TO FIGHT HPV BURDEN
Integration and 

Mutations 

in host’s DNA

Ex.: DNA Instability, inhibition of 
E2 gene wich regulates

oncogenes E6 & E7 expression 

Epigenetic
modifications

Methylations imprint on 
host’s and HPV DNA

• Vaccines and treatments aren’t

efficient for all HPV strains

• Vaccines benefits will be

significant only for future

generations

Methylation
imprint
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CERVICAL CANCER 

Cervical cancer is a serious health issue that affects millions of people 
worldwide, particularly women. According to the World Health Organization 
(WHO), cervical cancer is the fourth most common cancer in women 
globally, with an estimated 266,000 death reported in 2021. The impact of 
cervical cancer on human health is significant, as it can cause a range of 
symptoms such as vaginal bleeding, and pelvic pain, which can affect a 
person's physical and emotional well-being. In addition, cervical cancer can 
lead to long-term health problems, such as infertility. Proper vaccination 
against the pathogen Human Papilloma Virus (HPV) and early detection 
strategies can significantly reduce the impact of cervical cancer.  

STRATEGIES OF HPV DETECTION: NEED FOR OPTIMIZATION!

Of the more than 200 HPV types that have been described and classified, 
only 13 genotypes have been associated with the risk of developing cervical 
cancer. Vaccination and screening are two approaches to preventing 
cervical cancer. Vaccination campaigns benefit younger generations of 
women and future generations, but it will take several decades for the health 
effects to become a reality. Screening programs can reduce the burden 
of cervical cancer faster and benefit current and future generations of 
women. Many molecular tests have been developed to detect viral DNA, 
but they do not distinguish between transitory and persistent HPV infections. 
Tests based on the detection of specific viral genes overexpression can 
distinguish between transitory and persistent HPV infections. Patients' 
cellular proteins can be used as biomarkers, to more specifically screen for 
lesions that may progress to malignancy, as a complement to screening 
based on molecular tests for HPV DNA detection. 

THE PROJECT 

This project was initially submitted in the framework of a collaboration 
between Institut Pasteur in Paris and two institutes located in Cameroon 
and China. In preparation for this project, the chinese team has developed 
rapid diagnostic tools for the main HPV genotypes as well as different 
methodologies to study both virological and cellular biomarkers, including 
HPV genome methylation and insertion into host genome. These different 
approaches have been validated on the Chinese female population in 
collaboration with the local gynecology department. Now, all these tools will 
be applied to identify female populations in Cameroon and women at high 
risk of developing cervical cancer. 

The HPV genotypes 
number 16 and 18 are 
detected in 59.8% and 
13.2% of the carcinoma 
cases respectively. 

About 80% of people who 
have not had the HPV 
vaccine before they become 
sexually active will become 
infected with at least one 
type of HPV 
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Optimizing CyaA translocation for its use in 
biotechnological applications as enhanced 
antigen delivery vehicle 
Project PTR n° 502-2022 

SCIENTIFIC COORDINATOR
Dr Alexandre CHENAL, Biochemistry of Macromolecular 
Interactions • BiophysiCyaA- Institut Pasteur Paris 

PASTEUR NETWORK COLLABORATORS
Dr Massimiliano BONOMI, Dr Olivier SPERANDIO, Dr Inaki 
GUIJARRO, Dr Ahmed HAOUZ, Institut Pasteur Paris 

PROJECT SUMMARY 

` 

KEYWORDS 
CyaA, Bordetella pertussis, whooping cough, ACD, CaM, P454, ADV, immunization, vaccine, cargo, 
antigen delivery vehicle, circular dichroism, in sillico, double cysteine mutation, disulfide bridge, Artificial 
Intelligence, protein confinement, simulation 
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CYAA TOXIN IS A KEY FACTOR OF VIRULENCE 
ALLOWING EUKAROTIC CELLS INVASION

Bordetella 

pertussis

ACD: Catalytic domain

RD: Repeat in toxin region

TR: Translocation region

ACD

R
D

TR

CyaA
Toxin

Calmodulin

(CaM)

ATP cAMP +++

CELL 

DEATH

Plasmic
membrane of 
targetted cell

CD11b/CD18
cell receptor

P454 PEPTIDE WITHIN THE TR IS CRUCIAL 
FOR CyaA ACD TRANSLOCATION

P454

• Destabilize plasmic membrane
• Translocate across plasmic

membrane
• Interact with calmodulin

• Favors CyaA ACD translocation

ACD

R
D

TR

VACCINES STRATEGIES USE CYAA PROPERTIES 
to present antigens and stimulate immune system 

(Antigen Delivery Vehicule ADV)

But the exact ACD translocation 
mecanisms remain ununderstood

Clinical trials ongoing:
• cancer immunotherapy (Theravac) 
• HPV-associated cervical tumors

(ProCervix)

HOW TO OPTIMIZE CyaA FOR ADV BY ENHANCING ACD TRANSLOCATION?

§ Better understanding of the CyaA virulence mechanisms involved in whooping cough

§ Optimization of  CyaA derived ADV for vaccination strategy

IN SILLICO  SIMULATIONS 

• Impact of Mutations and Disulfide bridges

• Proteins affinity and interactions

CELL INTOXICATION

(Erythrocytes)

CIRCULAR DICHROISM

and fluorescence

MOLECULAR CONFINEMENT

in physiological buffer

Cargo

(antigen)

Macrophage 

(immune cell)
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THE KEY ROLE OF CYAA IN WHOOPING COUGH 
Whooping cough is a respiratory disease caused by the bacteria 
Bordetella pertussis. Infections number by B. pertussis is still increasing, 
making whooping cough a major concern of public health. A key actor of the 
virulence of Bordetella is its Adenylate Cyclase toxin (ACT, known as 
CyaA) which plays an important role in the early stages of respiratory tract 
colonization by the bacteria. Indeed, CyaA allows the invasion of the 
human cells, called cell intoxication. Thus, this intoxication process leads 

to cell death, which causes whooping cough symptoms. 

THE CyaA TOXIN: A POWERFUL BACTERIA SYSTEM 
CyaA toxin is a unique system of crossing of the host cells’ plasmic 
membrane. Due to its efficiency to make bacteria target the immune cells, 
the CyaA toxin, if experimentally reshaped, could be transformed in a 
powerful vaccination tool. Indeed, two clinical studies use CyaA-based 
vaccination strategy: for cancer immunotherapy (Theravac) and HPV-
associated cervical tumors (ProCervix). Even though, the CyaA toxin 
properties need to be optimized for a broader use in therapeutic 
strategies. 

Following this objective, the project coordinator and his team has recently 
demonstrated that one component of the CyaA toxin, the peptide P454, is a 
crucial actor for the membrane crossing. P454 can destabilize the host’s 
plasma membranes, passes across it, and then interacts with an 
intracellular element: the calmodulin (CaM). Those properties turn P454 
as a good candidate to investigate for optimization of CyaA 
translocation properties to enhance therapeutical strategies based on 
it. 

THE PROJECT 
The main objective of this project is to optimize CyaA for its use in 
therapeutic approaches.  This project is feasible thanks to the tools 
developed recently by the teams: one based on CyaA properties, and a 
protocol involving Artificial Intelligence added to molecular confinement in 
physiological conditions. 

First, the project will use computational approaches to test the impact of 
different genetic mutations on the specific part of CyaA involved in 
host membrane interaction. The project will show up optimum mutants 
allowing the better interaction between CyaA and targeted cells. Those 
mutants will be challenged by experimental approaches in cell model.  

Altogether, these results lead to the test of a new optimized generation of 
CyaA-based therapeutic tools. 

According to World 
Health Organization 
whooping cough affects 24 
million children under the 
age of 5 worldwide per 
year. 
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Effect of mood states 
on olfactory system neural connectome  
Project PTR n° 511-2022

SCIENTIFIC COORDINATOR 

Dr Mariana ALONSO, Perception and Memory laboratory- Institut 
Pasteur Paris 

PASTEUR NETWORK COLLABORATORS 

Dr Jean-Baptiste MASSON, Institut Pasteur Paris 
Dr Jean-Yves TINEVEZ, Institut Pasteur Paris

PROJECT SUMMARY 
The use of animal model is applied in accordance with regulatory requirements, the "3 Rs" rule described in Directive 2010/63/EU.

` 

KEYWORDS 

Depression, olfaction, Neural architecture, microscopy, machine learning, Virtual Reality 

Attention deficit
Hyperactivity

Bipolar disorders

Skizophrenia

SENSORY 
ALTERATIONS

HOW DOES A DEPRESSIVE-LIKE STATE ALTERS NEURONS CONNECTIVITY IN THE OLFACTORY SYSTEM?

300 milions
Patients 

worldwide

suffering major 

depressive

disorders

30% of depressions are 

resistant to treatments
Impaired adult
neurogenesis

WHOLE BRAIN CLEARING

LIGHT SHEET FLUORESCENCE 

MICROSCOPY

RETROGRADE MONOSYNAPTIC 

TRACING 

by immunostaining

Self-supervised Learning PIPELINE 

(SSL) Virtual Reality (VR) SOFTWARE: 

stacks visualization

MACHINE LEARNING

§ Understanding the olfactive neurons connections (connectome) in physiological or depressive state
§ Build a robust SSL and VR based pipeline to analyze quicker the neuronal circuits by microscopy

§ Bring new insights for new therapeutical approaches
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DEPRESSION/ANXIETY MOUSE MODEL

(chronic corticosterone treatment)

Olfactory
deficit

Depression/anxiety

mouse model
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MAJOR DEPRESSIVE DISORDERS 
Major depressive disorder is the largest contributor of disability 
worldwide, so there is an urge to better understand the neuronal 
circuits involved in those diseases Understanding how the brain 
processes and updates sensory precepts is a key challenge to better clarify 
several basic and clinical issues. For instance, the etiology of major 
depressive disorder is believed to be multifactorial. In fact, sensory 
alterations are known to be key element of psychiatric disorders in 
general, such as attention-deficit/hyperactivity disorders, bipolar disorders, 
or schizophrenia. Knowing that sensory perception is strongly shaped by 
the properties of the connections (connectome) formed between sensory 
systems and the rest of the brain, a strong analyze the sensitive 
connectome should lead to new therapeutical routes.  

SENSITIVE SYSTEMS AND PSYCHIATRIC/PSYCHOLOGIC DISORDERS 
Perception is the set of mental processes that enable an individual to 
recognize, organize and interpret intellectual, sensory and emotional data 
in a logical or meaningful way. Perception disruption can have dramatic 
behavioral consequences for animals, comparable with important human 
mental pathologies. In the specific case of olfactive impairment, it has 
been demonstrated in human that it goes with depressive symptoms. 
Moreover, the project collaborators have previously demonstrated that in a 
mouse model of depression/anxiety that neurons that grow in their 
adult life have a key role in olfactory learning.  But mechanisms linking 
depression state and alteration of olfactory system remain poorly known. 

THE PROJECT 
The project focus first on a better understanding of the neuronal 
connections involved in olfactory perception (olfactory connectome). 
The project will trace the communication ways between the neurons 
by microscopy. This work will allow the identification and comparison of 
the connectivity of olfactory neurons in physiological and pathological 
contexts. 

In parallel we will build a complete ecosystem of bioinformatics tools to 
more efficiently analyze microscopic acquisitions. A self-supervised 
learning (SSL) pipeline with a virtual reality interface will be developed to 
accelerate and enhance the robustness of acquisition and analysis. 

The project will identify the partners of olfactory neurons and 
characterize the alterations of this partnership in a depressed state. 
The tools developed will provide a new way of processing and analyzing 
the different remodeling of neuronal circuits involved in various 
psychiatric disorders. Overall, the results of the project will pave the way for 
new and better targeted therapeutic strategies. 

5% of adults suffer 
from depression 
worldwide (WHO) 

According to a CNRS 2015 
study, around one in ten 
French people suffer from 
olfactive impairment 
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Neuronal excitability as a neurophysiological 
substrate for sensitivity to sounds 

Project PTR 520-2022 

 

 
 

SCIENTIFIC COORDINATOR 
Dr Boris GOUREVITCH, PCAC laboratory, Institut de l’Audition - Institut 
Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Fabrice DE CHAUMONT - Institut Pasteur Paris, France 

Dr Luc ARNAL - Institut de l’Audition - Institut Pasteur Paris, France 

 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

 

 

 

 

` 

KEYWORDS 

Diagnosis, Biomarkers, monitoring, model for research, ASD, autism, hyperacusis, mouse model, gerbil 
model, sensory disorder, hyperexcitability, sound roughness, anxiety, hyperresponsiveness, 
hyperexcitability, neural circuit 
 
 
 

CAN WE USE SOUND ROUGHNESS TO LINK HYPERRESPONSIVENESS AND HYPEREXCITABILITY ?

ELECTRO ENCEPHALOGRAM 
ANALYSIS

QUESTIONNAIRES

LIVE MOUSE TRACKER 
(In house developped AI for animal 

Behaviour analysis in animals colony)

BIG BROTHER
In house system of rough sound
exposure combined with animal 

EEG and behaviour recording

§ Effective diagnostic tools for hyperacusis

§ First time to attempt to understand the mechanisms of sound aversion

§ New entry point for the study of neural correlates of ASD

§ Developement of new transposable analysis tools

K
E

Y
S

 O
F

 

C
O

N
T

E
X

T
Q

U
E

S
T

IO
N

M
E

T
H

O
D

S
B

E
N

E
F

IT
S

MOUSE  ASD MODEL
GERBILS Typically Developped (TD)

HUMAN ( TD AND ASD)

HYPERSENSIBILITY TO SOUNDS

- Can affect everyone
- Stress, fatigue, irritability;

- Auditory overprotection;

- Difficulty performing daylies

- Isolation.

HYPERACUSIS
(Most common sound

hypersensitivity)

AUTISTIC SPECTRUM DISORDERS

(ASD) HYPERSENSITIVITY

CAUSES OF HYPERACUSIS 

CONSEQUENCES ?

§ Abnormal increases within
auditory pathways

§ Central Auditory system 

troubles

§ Central inhibitory deficits

and hyperexcitability
Hypothesis: atypical excitability

of neural circuits 
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HYPERSENSITIVITY TO SOUNDS 

There exists dramatic differences in the way individuals respond to 
sound. In hypersensitivity, people suffer from sounds that may seem quite 
ordinary for others. There are several types of hypersensitivity, including 
misophonia (strong aversion to certain human-produced sounds), phonobia 
(an excessive fear of sound) and hyperacusis (low tolerance or 
hypersensitivity to everyday sounds). Typically developed individuals 
(TD) and individuals with Autistic Spectrum Disorders (ASD) may have 
unusual sensory sensitivity to sound. This condition can be disabling, 
leading to negative sensations and emotions, heightened anxiety and social 
isolation, ultimately affecting both professionnal and personnal lifes. Little is 
known about the neuronal circuits and mechanisms underlying hyperacusis. 
In an increasingly noisy modern world, it is essential to identify the neural 
causes and consequences of this debilating sensory disorder. 
 

HYPERACUSIS IN TD AND ASD!

Hyperacusis is the most common form of sound hypersensitivity in 
the general population. However, little is known about the physiopathology 
of hypersensitivity in both TD and ASD people. Interestingly, aversion to 
rough sounds (such as alarm signals) is enhanced in individuals with ASD 
and in hyperresponsive individuals. In addition, anxiety increases 
behavioural and neural responses to rough sounds in TD people. The 
consortium previously evidenced enhanced sensitivity to rough sounds in 
mice models, and demonstrated that activity in the primary auditory cortex 
correlates with sensitivity. Thus, these evidence point to a relationship 
between sound hyperresponsiveness and neural hyperexcitability. As such, 
sounds roughness response constitutes a promising starting point for 
studying the mechanisms underlying sound aversion as featured in 
hyperacusis. 

 

THE PROJECT 

The consortium hypothesis is that the basic mechanisms underlying 
hyperacusis are shared between individuals withTD and ASD. The aim of 
this project is to investigate the relationship between responsiveness to 
sounds and the excitability of neural circuits. Using rough, aversive  
sounds they will probe the putative links between behavioral, emotional and  
neural responses in TD and ASD individuals, as well as in gerbil and mouse 
models. This project will provide a new avenue for developing effective 
diagnostic tools for hyperacusis. In addition, this approach constitutes a 
new entry point for studying brain impairments in ASD. For the first time, 
this research allows testing, in an enriched environment, direct correlations 
between the animal model daily activities, physiological state and sound-
induced alterations.  

 

 

It is estimated that 2-15% 
of people experience 
hyperacusis. 

60 to 96% of people with 
ASD report unusual 
sensitivity to sensory 
stimuli. 
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Targeting the peptidoglycan assembly complexes 

Project PTR n° 526-2022 

 

 
 

SCIENTIFIC COORDINATOR 

Dr Ivo GOMPERTS BONECA, Biology and Genetics of the 
Bacterial Cell Wall - Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 

Dr Laurence MULARD, Institut Pasteur Paris, France 
Dr Olivier SPERANDIO, Institut Pasteur Paris, France 
Dr Régis GRAILLE, Institut Pasteur Seoul, Korea 
Dr Inhee CHOI, Institut Pasteur Seoul, Korea 

 

 

 

 

PROJECT SUMMARY 
 

 

 

* HTRF: Homogeneous Time Resolved Fluorescence 
* BRET: Bioluminescence Resonance Energy Transfer 

 

 

 

 

 

 

 

 

 

KEYWORDS 

Macromolecular complexes, nucleic acids, proteins, carbohydrates, vaccines, antimicrobial, 
peptidoglycan, PGN, gastric ulcer, Helicobacter pylori, bacteria, cell envelope, antibiotic resistance, 
Penicillin-binding protein, PBP, protein:protein interface, MreC 

WHICH MOLECULE TO STOP PBP:MreC ASSEMBLY OF BACTERIA  AND AVOID ANTIMICROBIAL RESISTANCE ?

§ Creation of a novel antibiotics screening pipeline strategy

§ Deliver new target for antibiotics

§ Limitation of the bacteria antibiotic resistance increase
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ANTIBIOTIC RESISTANCE IS ONE OF THE 
BIGGEST THREATS TO GLOBAL HEALTH, FOOD 

SECURITY, AND DEVELOPMENT TODAY.

By 2050, it is estimated
that 10 million people 

could die annually from

antimicrobian resistant

pathogens

BACTERIA SHARE COMMON 

CORE MECHANISMS

THE PBP2:MreC CELL WALL COMPLEX

ESSENCIAL FOR BACTERIA SHAPING

Shaping

Cell Division

Cell wall
assembly

Adaptability

MODELS
Helicobacter pylori

E.Coli

Assembly
Bacteria
shaping

Bacteria
death

Absent

BacteriaModel
MreC
PBP2

IN SILLICO AND HTRF* ASSAYS
Screening of inhibitors of 

PBP2:MReC assembly

InhibitorAssembly

Fluorescence

BRET** AND IN VIVO ASSAYS
Testing the effectiveness of identified

inhibitors and improvable hits.

Inhibitor A Inhibitor B Inhibitor C

SAR *** OPTIMIZATION
Production and test of improved

inhibitors depending of their structure

Inhibitor C
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BACTERIA’S BURDEN OVER HUMAN  

 

With the increase of antimicrobial resistant pathogens number, there is 
an urgent need of new therapeutical strategies. Indeed, in 2019, on a study 
covering 471 milion of patients worldwide, it was estimated that at least 4·95 
million deaths was linked to an antimicrobial resistant pathogen, including 
1.27 milion attribuable to bacteria resistant to antibiotics.  
 
 

BACTERIA CORE PROTEINS: AN ACHILLE HEEL ?!

 
Bacteria share common mechanisms that are essential for their survival. 
For example, the mechanisms dedicated to the multiplication and shaping 
of their cells. The assembly of proteins to constitute their cell wall is 
particularly interesting to study because all interactions of bacteria with their 
environment depend on it.  
The construction of the bacteria enveloppe need pecular proteins assembly, 
such as the Penicillin-binding protein named PBP2 with the structural 
protein MreC: it forms the complex PBP2:MreC. Interestingly, when this 
complex formation is targeted in the bacterium Helicobacter pylori*, it kills 
the bacterium in vitro. So this complex assembly seems to be an ideal target 
to find new antibacterial agent.  
 
*bacterium colonizing the stomach of about half of the human population 
worldwide. 

 
 

THE PROJECT 

 
This project aims to develop a brand new antimicrobial strategies 
targetting the PBP2:MreC complex assembly. To reach this objective, the 
teams will explore further the complex itself computationnaly and on bench. 
Then they will screen bank of molecule to develop inhibitors of the 
PBP2:MreC complex assembly. This project will bring a new rational 
innovative way to screen and discover new antibiotic candidates 
targeting biosynthesis of proteins of the bacteria cell wall. This approaches 
has the advantage to target essential proteins for the bactreria which are 
directly in contact of its environment.  

 

 

In 2017, WHO counts 12 
antibiotic resistant 
bacteria families as 
priority area of new 
treatment research 

In France, 15 to 30% of 
the population is thought 
to be contaminated by 
Helicobacter pylori, 
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Mechanisms of Heteroresistance 
leading to antifungal treatment failure
Project PTR n° 530-2022 

SCIENTIFIC COORDINATOR 
Dr Iuliana ENE, G5 Fungal Heterogeneity - Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Mélanie LEGRAND, Institut Pasteur Paris, France 
Dr Charles BAROUD, Institut Pasteur Paris, France 

PROJECT SUMMARY 

KEYWORDS 

mycology, fungal pathogens, Candida albicans, candidiasis, antifungal resistance, azole 
heteroresistance, molecular genetics, microfluidics, population heterogeneity 

WHAT MECANISMS DRIVE EMERGENCE OF ANTIFUNGICAL RESISTANCE IN CANDIDA ALBICANS ?

SCREENING FOR RESISTANCE GENES 

Mutant C. albicans libraries tested with
antifungal drug to screen for altered

resistance

IN VIVO TESTS

Assess the impact of antifungal
treatment on C. albicans infection  

using Galleria mellonella larvae

§ Understanding how antifungal resistance emerges

§ Identifying the genes and biological processes enabling the development of resistance

§ New avenues to develop antifungal treatments

§ Skills building: Postdoctoral training, online open access of the genomics and transcriptiomics data 
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MICROFLUIDICS &

FITNESS ASSAYS

To compare antifungal

resistant C. albicans cells

OF FUNGI AND HUMANS COMMENSAL AND PATHOGENIC 

RELATIONSHIPS
CANDIDA ALBICANS

Fungal colonization
starts directly after

birth. Fungi form the 

mycobiome and its

composition varies 

through lifetime.

The gut-brain axis
Immune homeostasis

The microbiome

The mycobiome is
defined by a high 

interindividual and 

intraindividual

variability. 

THE MYCOBIOME IMPACTS

>1.5 billion fungal
infections per year

Mortality rates: 20-95%

- Leading cause of fungal infections
- Pass through intestine to blood

- Mortality rates: ~50%

- Limited available antifungals

- Drug resistance in 5-7% of isolates

GENOMICS AND TRANSCRIPTOMICS

Comparing resistant cells and 
susceptible cells
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THE IMPACT OF FUNGAL INFECTIONS ON GLOBAL HUMAN HEALTH 

Fungi are ubiquitous in the environment: the fungal kingdom has about 
2.8 million species, making it the second largest group in the living world. 
Fungi are known to survive in extreme conditions and are natural colonizers 
of the human body (skin, oral cavity, respiratory, gastrointestinal and 
urogenital tracts). Fungi represent 1 to 2% of the total microbial biomass of 
the human microbiota. Some fungi evolved alongside with humans and 
are important players in human health, including as modulators of the 
adaptive immune response. However, this commensal relationship can also 
turn into invasive opportunistic disease. Indeed, fungal infections cause 
over 1.7 million deaths per year worldwide, as many as malaria or 
tuberculosis. 
 

CANDIDA ALBICANS  INFECTIONS!

Commensal fungi include Candida albicans, a species commonly found in 
the digestive system and on the skin of humans. However, they are 
pathogenic and life-threatening in certain situations. C. albicans can make 
its way through the intestinal wall, enter the bloodstream and invade the 
entire body. This fungus is the most common causative agent of fungal 
bloodstream infections and is associated with a high mortality rate 
(50%), even with treatment. The incidence of invasive fungal infections is 
increasing and there is no vaccine against these pathogens. Currently, there 
are only 3 classes of antifungal drugs, and resistance has been reported for 
all of them. The challenge is further compounded by the fact that strains 
which appear to respond to treatment in the laboratory can persist during 
treatment in the host. The mechanisms behind C. albicans clinical 
persistence remain unknown but understanding them is critical for 
developing improved antifungal strategies.  

 

THE PROJECT 

This project aims to understand the mechanistic basis of C. albicans 
heteroresistance to antifungal drugs. It is known that fungi can alter the 
copy number of parts of their genome and this ability can help them adapt 
to stressful environments. The hypothesis of this project is that cell to cell 
heterogeneity within fungal populations enables the formation of rare cells 
that have altered genome copy numbers and these cells are highly resistant 
to antifungal drugs. In addition, this project will explore the impact of genome 
instability factors on the ability of C. albicans to become resistant. This 
project will provide new predictors of antifungal resistance and provide 
important insights on the management of fungal infections. 

 

There are >184 species of 
fungi colonizing in the 
human gut. 

It is estimated that there 
are 1.7 million deaths per 
year from fungal 
infections. 
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Mechanics of Inviding Glioblastoma Cells 

Project PTR 548-2022 

 

 
 

SCIENTIFIC COORDINATOR 
Dr Sandrine ETIENNE-MANNEVILLE, Polarité Cellulaire, Migration et 
Cancer- Institut Pasteur Paris, France 

PASTEUR NETWORK COLLABORATORS 
Dr Jean-Christophe OLIVO-MARIN - Institut Pasteur Paris, France 
Dr Samy GOBAA- Institut Pasteur Paris, France 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

 

 

 

 

 

` 

KEYWORDS 
Glioblastoma cells, glial cells, cancer, cell junction, cell-adhesion, cell communication, 3D cell culture, 
microscopy, cell migration, cell invasion, intermediate filaments, cytoskeleton 
 
 
 
 

HOW TO DISCRIMINATE ACTIVE AND PASSIVE MECHANISMS INVOLVED IN TUMOR CELLS INVASION ?

BIOFLOW

Microscopy Image processing software
Retrieval of velocyty and pressure forces 

inside the moving cell

SYNTHETIC 3D CELL CULTURE

SCAFFOLDS

§ New pipeline for quantitative analysis of Glioblastoma cell invasion and cell migration in both 2D and 3D

§ Development of new diagnostic marker and therapeutical approaches

§ New technology within the pasteurian platforms
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GLIOBLASTOMA CELL LINES

Lines U373 and U251 modified with
CRISPR/Cas9

GLIOBLASTOMA MULTIFORME 

BURDEN

GLIOBLASTOMA CELL  INVASION ROLE OF INTERMEDIATE 
FILAMENTS (IFs) 

60% of brain
tumors in adults Median survival

14-15 months from

the diagnosis

Tumor

Migrating CellsWhite matter
tracts

Perivascular
space

Perivascular space and white matter tracts are the 
main invasion routes due to their high vascularisation.

§ IFs are tissue specific
§ Participate to cell migration 

and is involved in cell invasion

§ Protrusion

§ Adhesion

§ Stiffness
§ Contractability …

3rd  cause of death
from cancer in persons

15 to 34 years old
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THE GLIOBLASTOMA MULTIFORME (GBM) 
Gliomas are the most common malignant brain tumours that originate 
from glial cells. These cells represent 90% of the brain cells and their role 
is to create a favorable environment for the neurons (protection against 
pathogens, cell renewal, nutrition...). Gliomas are also the 2nd most 
frequent and deadliest tumours in children. Amoung Gliomas, the 
Glioblastoma multiforme (GBM) is the most frequent one. GBM is is a 
fast-growing and aggressive brain tumor and, despite treatments (surgery, 
chemotherapy, radiotherapy), only 0.05 to 4.7% of patients survive for more 
than 5 years after diagnosis. But current diagnosis are not sufficient to 
predict the disease progression. Hence, there is an urgent need for a 
better characterization of GBM invasion and the development of new 
therapeutical approaches. 
 

FOCUS ON THE TOPIC!

Today, due to the rapidity and invasive character of the GBM, prognosis is 
challenging. The cell invasion consists in cell migration through 3D complex 
and changing microenvironments. It is a physiological phenomenon during  
the development and immune answer for instance, but in case of cancers, 
the cell invasion is dysregulated and leads to the tumours and metastases 
production. GBM cells, which migrate away from the tumor core, evade 
surgery, radiotherapy, making tumor invasion the leading cause of 
death. A better understanding of the invasion mechanism is crucial to fight 
against this kind of cancers. Identification of molecular markers and new 
therapeuthical routes are needed to analyse and prevent the cells deadlious 
invasion occuring in cancers such as GBM. 
 

THE PROJECT 
This project aims to develop a new technique combining new synthetic 
3D cell culture scaffolds, a cell model, microscopy, and different 
techniques to measure the passive (elasticity, viscosity, deformation...) and 
active (molecule production, degradability, environmental sensitivity...) 
mechanisms involved in the GBM cell model during the invasion 
phenomenon. Their hypothesis is the keyrole that mays play the 
intermediate filaments from the cytoskeleton. Preliminary results tend to 
demonstrate that the composition of those structures is crucial for the 
invasion phenomenon. By analyzing in a precise and interdisciplinary way 
the mechanisms involved in tumoral cells invasion, the consortium will 
provide a new route to better understand tumor behavior and improve 
patient prognosis. Moreover, the technological pipeline developed here for 
2D and 3D cell analysis is highly transposable to other biological fields such 
as Embrology, or Parasitology for example. 
 

The Gliomas are rare 
cancers, with an incidence 
of 4.67 to 5.73 cases per 
100,000 individuals 
worldwide (age -adjusted) 

Response rates to 
chemotherapy have rarely 
exceeded 5% and 
treatment failures usually 
occur after 3 months of 
treatment. 
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Comprehensive profiling of human and  
mouse metastasis-infiltrating ILC 

Project PTR n° 550-2022 

 

 
 

SCIENTIFIC COORDINATOR 
Dr Christian Vosshenrich, Innate Immunity- Institut Pasteur Paris, France 

INSTITUT PASTEUR INTERNATIONAL NETWORK  
Dr Giuseppe Sciumè, Institut Pasteur Roma, Italy 
Dr. Carolina Moraes Cabe, Institut Pasteur Paris, France 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KEYWORDS 

Transcriptomics, Innate immunity, tumour, immunology, liver, lung, ILC1, NK cell, cancer, metastasis, 
single cell, RNA-seq, cell-sorting 

Cancers are the 6th death
cause worldwide

Metastasis: turning point of cancers

Lung and liver cancer are 
still lethal in all countries

5-year survival is less than

20% in Europe

HOW DOES NATURAL KILLERS AND ILC1 CELLS FIGHT METASTASIS?

CELL KILLING ASSAY

Comparison of NK and ILC1 activities after
sorting from metastasic mice

and control ones

FLOW CYTOMETRY AND 

GENES PROFILING

NK and ILC1 Surface markers, 

secretion profiles, modulators deletion

SINGLE CELL RNA-seq

Identification of novel ILC subset
and transcriptionnal programs

§ Advance for patients with tumors treatments

§ Understanding of the metastasis immune cells invaders heterogeneity

§ Improve of metastatic cancers diagnosis and prognosis
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MOUSE MODELS

1) Melanoma and lung metastasis
2) Colorectal cancer and liver + lung metastasis

Initial cancer
place

Metastasis

Immune cells invade
and fight metastasis

Blood stream

Natural 
Killer (NK)

Immune 
lymphoid cells

(ILC1)
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THE DISEASE 

Cancer is a large group of diseases that can affect any part of the body. In 
2020, cancer was responsible of 10 million death which put it as one of the 
major death causes worldwide.  
Cancers are characterized notably by the rapid creation of abnormal cells 
that grow beyond their usual boundaries and invade parts of the body they 
belong to. The next step of the disease is abnormal cancerous cells spread 
to other organs where they form new abnormal cells mass: metastasis. This 
process represents the major cause of death in cancer patients. More than 
5% of patients show liver metastases at the time of primary cancer 
diagnosis, a feature associated with poor prognosis and low 1-year survival 
rates. 

 

METASTASIS AND IMMUNE CELLS RELATIONSHIPS!

Metastases develop mainly in the lungs, liver, bones and brain. Some 
immune cells can infiltrate the metastases and are cell-killers: the Natural 
Killer (NK), circulating in blood, and the Innate Lymphoid Cells 1 (ILC1) 
which stay in tissues. NK naturally have anti-tumourous properties, and are 
the core target of some immunotherapies. ILC1, in contrast to NK cells, do 
not recirculate in the body but reside in tissues and could represent a first 
line of defense against metastatic seeding. Currently, the understanding of 
the heterogeneity and function of NK cells and ILC populations that infiltrate 
metastases is limited, yet, knowledge thereof could be key for the 
development of optimized treatments.. Better understanding of their abilities 
as cell-killers and metastasis invaders would be game changer for 
developping new anticancerous therapies. 
 

THE PROJECT 

The project aims to better understand the role of NK and ILC1 in the 
neutralization of metastases. To do so, the teams will use mouse models 
with initial colorectal cancer or melanoma with lung and liver metastases. 
They will identify the role of NK and ILC1 in the different stages of the 
metastasis process, notably by analyzing the evolution of their DNA 
transcription activity. This will allow to identify which factors of NK and ILC1 
are used during their invasion in metastasis. In this way, the project will 
provide a comprehensive picture of the evolution of NK and ICL antitumor 
activity across metastases and identify turning points in tumor progression 
and neutralization. This study will provide novel insights into pathways 
involved in the metastatic process and the scientific framework to design 
preventive and therapeutic strategies for the treatment of metastatic 
patients. 

In 2020, lung, liver, colon 
and rectal cancer were the 
most lethal ones, causing 
together 3.5 million deaths 
worldwide. 

Tumoral cells as well as 
immune cells in the tumor 
environment are driven by 
processes leading to huge 
heterogeneity (mutations, 
epigenetics…) 
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Targeting mitochondrial membrane integrity  
in Chagas Disease  

Project PTR n° 558-2022 

 

 
 

SCIENTIFIC COORDINATOR 
Dr Timothy WAI, Mitochondrial Biology Group - Institut Pasteur Paris, 
France 

PASTEUR NETWORK COLLABORATORS 
Dr Carlos ROBELLO, Institut Pasteur Montevideo, Uruguay 

Dr Leonel MALACRIDA, Institut Pasteur Montevideo, Uruguay 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

 

 

KEYWORDS 

Chagas disease, Trypanosoma cruzi, mitochondria, metabolism, parasite, immunity, physiopathology, 
mice model, organelle, cell trafficking, cell model, dilated cardiomyopathy, Chronic Chagasic 
Cardiomyopathy Disease, preclinical, inner membrane  
 
 
 
 
 
 
 

HOW DOES MITOCHONDRIA INTEGRITY IMPACT CHRONIC CHAGASIS CARDIOMYOPATHY ?

LIVE CELL PROBING
Check mitochondrial 

morphology, counting,

response to infection

§ Definition of regulator 1 and regulator 2 role on the Chagasic Cardiomyopathy

§ Identify new therapeuthic targets for Chagas Disease at pre-clinical level

§ Skill/knowledge bilateral sharing into the Pasteur Network (Paris and Montevideo)
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THE CHAGAS 
DISEASE (CD) is

caused by the parasite 

Trypanosoma cruzi

7M INFECTED PEOPLE 

worldwide

MORTALITY RATE
10,000 people per year

Trypanosoma cruzi

(T.cruzi)

MICE AND PRIMARY CELL MODELS 
TO MIMIC CHAGAS DISEASE

(Mutation of 2 different regulators of inner

mitochondrial membrane)

MITOCHONDRIA INTEGRITY 
AND CONSEQUENCES

Energy production
Cell cycle regulation

Cellular stress response…

Cell death
Cardiomyopathy

Genetic disease

MITOCHONDRIA AND CHAGAS DISEASE

≈

Without infection T.cruzi infection

Molecular, cellular and cardiac diseases
are strikingly the same

Sane mitochondria Remodeling / decline

CHAGAS CARDIOMYOPATHY 
CHARACTERISATION

Molecular testing, mitochondrial dysfunction, histology, 

immune cell profiling, parasite clearence…

1

2

1

2 1 2
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THE DISEASE 

Chagas disease (CD), also known as American trypanosomiasis, is a 
zoonotic and life-threatening tropical illness caused by the parasite 
Trypanosoma cruzi. Human transmission can be congenital, food-borne, 
made by insect bite, blood transfusion or organ transplant for instance. CD 
is characterized by a first acute phase with mild, unspecific or absent 
symptoms and may continue in a chronic phase with serious complications, 
such as  cardiac dysfunction (30% of the cases), digestive and/or 
neurological alterations (10%). Today, Chronic Chagasic Cardiomyopathy 
(CCC) represents the most frequent non-iscemic cardiomyopathy in Latin 
America, and there is no treatment for this disease. However the 
physiopathological mechanisms responsible for disease manifestations and 
progression remain poorly known.  

 
 

 

THE MITOCHONDRIA AND INFLAMMATORY RESPONSE!

Mitochondria are key components of cells. They are organelles that allow 
energy production and drive response to cellular stress. Moreover, 
mitochondria possess their own DNA (mtDNA) that has been shown to 
modulate the inflammatory response. Mitochondria are surrounded by a 
double membrane (internal and external) whose integrity is a determining 
element of cell survival. Indeed, pathological remodeling of mitochondrial 
membranes caused by genetic, non-infectious lesions can trigger the 
development of dilated cardiomyopathy with key features reminiscient of 
Chagas disease (CD). Given these similarities, and the fact that the 
molecular mechanisms of chronic Chagas cardiomyopathy caused by  
Tripanosoma cruzi infection are unknown, the physiology of this organelle 
is a prime candidate to study to better understand Chagas Disease. 
 

THE PROJECT 

This project aims to better understand the potential role of mitochondrial 
physiology in the chronic cardiomyopathy of Chagas disease. To do so, the 
team will generate mouse and cell models mimicking Chagas 
cardiomyopathy. Moreover, they will target mutations in mitochondrial inner 
membrane regulators on those models, which will either strengthen or 
weaken the integrity of the inner membrane and assess the outcome of 
infection. Studying the impact in cell and trasgenic mouse models under 
basal conditions and in the case of Trypanosoma cruzi infection has the 
potential to identify new therapeutic targets to cure Chagas cardiomyopathy. 
Moreover, this project will formalize and unite a trio of Pasteur Network 
teams from France and Uruguay allowing bilateral transfers of skills and 
knowledge on pre-clinical approaches dedicated to the expertise building on 
an emerging infectious disease that has so far been largely neglected. 

 

1/3rd of the volume of cardiac 
cells (cardiomyocytes) is 
composed of mitochondria 

Chagas Disease is endemic in 
21 countries of continental 
Latin America. 
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Integrative approach to combat antibiotic  
resistance by targeting protein-protein 
interactions essential to bacterial macromolecular machinery 

Project PTR n° 566-2022 

 

 
 

SCIENTIFIC COORDINATOR 
Dr Olivier SPERANDINO, Structural Bioinformatics - Institut Pasteur Paris, 

France 

PASTEUR NETWORK COLLABORATORS 
Dr Daniel Ladant, Institut Pasteur Paris, France 

Dr Hélène Munier Lehmann, Institut Pasteur Paris, France 

Dr Nicolas Willand, Institut Pasteur, Lille, France 

 

 

 

 

PROJECT SUMMARY 

 
 

 

 

 

 

 

 

 

 

 

 

` 

KEYWORDS 

Antimicrobial resistance, AMR, antibiotic, therapeutical strategy, divisome, protein-protein interaction, 
PPI, Fr-PPI-Chem Library, Bacterial Two Hybrid Screening Technology, BACTH, Escherichia Coli, E. 

Coli 

 

WHICH PPI TO TARGET TO DEVELOP NEW ANTIBIOTIC WHILE AVOIDING ANTIBIOTIMICROBIAL RESISTANCE ?

AI DEEP LEARNING
CREATION of PPI friendly

compounds library

Targeted-based bacteria
two hybrid (BACTH) screening

Protein-Protein interaction analysis

IN SILICO & IN VIVO

MODEL E.COLI

§ New faster way to screen antimicrobian candidates to fight better AMR

§ Discovery of new antibiotic drugs

§ Identification of new targets suitable for therapeutical strategies
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STRAIN LIBRARY IMAGING 
PROTOCOL (SLIP)

Single cell scale imaging

ANTIBIOTIC RESISTANCE 
(AMR) A major global 

human challenge

MECANISMS OF ANTIBIOTIC 
RESISTANCE

THE PROTEIN-PROTEIN 
INTERFACE (PPI) AS A TARGET

2,400,000 infections 
per year in USA and 

EU involve resistant

bacteria

$100 trillions is the 
expected cost of AMR 

on global production 

lost by 2050

If X & Y interact
è Survivor profile 

on selective medium

X

Y

PPI Inhibitor
candidate

Divisome
Essential PPI for 

bacteria survival

and duplication

Nucleoids
DNA material

Dividing
Bacteria
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ANTIBIOTICS OVER-USE AND CONSEQUENCES 

Antibiotics are known to save millions of life per year since its 
commercialization in the 40s. Even through, because of their excessive use, 
bacteria evolve quickly and oppose an important antimicrobial 
resistance. Infections in humans and animals caused by resistant bacteria 
are harder to treat, as they don’t answer to antibiotic treatments anymore. 
In extreme very rare cases, bacteria can be resistant to all available 
antibiotics used in humans. In 2019, it was estimated that antimicrobial 
resistance was responsible for 1.3 million of death worldwide. 

 
 

THE URGE TO FIGHT AGAINST ANTIMICROBIAL RESISTANCE!

Human and financial cost of the antimicrobial resistance (AMR) keeps 
rising. It is estimated that 10 million people could die annually from 
antimicrobial resistance. But on other hand, it is impossible to completely 
stop the antibiotics treatments use. In this context, the WHO considers that 
AMR is one of the biggest threats to global health, food security and 
development.  
Bacteria resistance can consist in various molecular mechanisms such as 
reduced access to the antibiotic target (reduced membrane permeability…), 
direct change on this target so antibiotics doesn’t recognize it anymore, and 
genetic mutation of major importance. It is necessary to better 
understand the bacteria core mechanisms to find new routes to create 
innovative treatments, avoiding the antimicrobial resistance as much as 
possible. 
 

 

THE PROJECT 

The project aims to use innovative pathways to fight bacteria while 
avoiding the occurrence of AMR. The strategy is to target the protein-protein 
interaction of bacteria using models in vivo and in silico. The teams want to 
build a comprehensive pipeline to improve the identification of drugs that 
can shut down a specific protein-protein interactions so that the 
bacterial structure is disrupted and the bacteria die. The project will build on 
existing libraries of molecules dedicated to protein-protein interactions: the 
fragment library hosted on the Institut Pasteur campus in Paris and the Fr-
PPI-Chem. Using an E.coli  model, they will screen the impact of the 
molecules present in these libraries in order to find the most effective 
and the least likely to develop resistance. The screening methodology is 
already developed thanks to one team of the consortium. In addition, thanks 
to the protocol pipeline that the teams will build, they will be able to extend 
it to the screening of millions of commercially available compounds. By 
accelerating the screening of effective and less AMR-prone drugs, the 
teams will create a robust tool against one of the most challenging health 
problems in recent years. 

In France, physicians 
wrote 705 prescriptions per 
1,000 inhabitants for the 
year 2021. 

By 2050, it is expected that 
antimicrobial resistance 
will be responsible of 569 
million extra hospital days 
annually. 
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APOBEC3CI188 mutator enzyme, a genetic  
predisposition marker for liver cancer 
Project PTR n° 588-2022 

 

 
 

SCIENTIFIC COORDINATOR 
Dr. Jean-Pierre VARTANIAN, Department of Virology - Institut Pasteur 
Paris, France 

INSTITUT PASTEUR INTERNATIONAL NETWORK 
Dr Francina LANGA VIVES - Institut Pasteur Paris, France 

Dr. Pascal PINEAU - Institut Pasteur Paris, France 

 

 

 

 

PROJECT SUMMARY 
 

 

 

 

 

 

 

 

 

 

 

` 

KEYWORDS 

Genetic predisposition, liver cancer, A3CI188, APOBEC3CI188, enzyme mutator, cytidine deaminase, 
reverse genetics, genome editing, recombination, molecular genetics, cancer, diagnosis, biomarker, 
Hepatocellular carcinoma, HCC, variant, mouse model, sequencing,  
 
 
 
 
 

WHAT IS THE IMPACT OF THE VARIANT A3CI188 ON HUMAN HEPATOCELLULAR CARCINOMA GENESIS ? 

WHOLE EXOME 

SEQUENCING

CRISPR-CAS9

Knock-out hepatocellular

cell model

HISTOPATHOLOGICAL 

ANALYSIS

§ Better understanding of genome editing consequences on human health, especially in cancer

§ New route towards an earlier diagnosis of Hepatocellular carcinoma through exome analysis

§ Improvement of the patient management

§ Better comprehension of cancer risks factors
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INDUCIBLE MOUSE MODEL

KNOCK-OUT HEPATOCELLULAR

PATIENTS PLASMA SAMPLING 

A    C T G G    G C    A 

HEPATOCELLULAR CARCINOMA RISK FACTORS AND STUDIES BIAS THE A3CI188 GENETIC VARIANT 

§ Chronical
§ Liver disease

§ Cirrhosis

§ Hepatitis B&C

§ NASH …
Unsolved

inflammation

Hepatocellular
carcinoma Only one relevant 

genetic mutation 

targeted in therapies

in Africa (TP53 gene)

High cost of
surgery: few 

patients samples

available for 

studies in Africa

Single strand
DNA mutator

in human cells

and viruses

Activity signature across
a lot of different cancers

Present in 10% 
of Sub-Saharan

Africa populations 
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HEPATOCELLULAR CARCINOMA  

Hepatocellular carcinoma (HCC) is a “primary” liver cancer (PLC), a highly 
heterogeneous disease that develops from liver cells. HCC is the most 
common form of liver cancer (~90% of cases). It is the 5th most common 
cause of cancer worldwide and the 3rd most common cause of death from 
cancer. Hepatocellular carcinoma generally occurs in a liver that is already 
damaged in the context of a chronic disease involving unsolved 
inflammation and cytokine dysregulation. The most common causes are 
hepatitis B virus, hepatitis C virus, alcohol intoxication, and non-alcoholic 
steatohepatitis (NASH).  In most sub-Saharan African countries, curative 
treatment of primary liver cancers by surgery is not practiced due to a lack 
of resources. However, surgery material from patients is the golden 
standard material for molecular mechanisms analysis involved in PLC. 
Thus, there is a growing gap between the available knowledge on PLC and 
its application to sub-Saharan populations. 
 

GENETIC PREDISPOSITION TO HCC!

Approximately 25% of HCC tumors present actionable mutations, but many 
driver genes and prognosis markers in HCC remain to be identified. The 
teams of this project have demonstrated that the variant enzyme A3CI188, 
mays be involved in cancer. This enzyme is particularly important for the 
transmission of genetic information as it edits mRNA.  A3CI188 is a variant 
of the APOBEC3C enzyme whose initial activity is editing genetic material 
to allow protein diversity.  However, when variant A3CI188 is present, this 
activity is increased and causes a higher number of DNA mutations that can 
lead to cancer. Moreover, variant A3CI188 is present at about 10% frequency 
in diverse populations throughout Sub-Saharan Africa. A3CI188 represents a 
potential Achille’s heel for those populations where it might play a role in 
infection-associated tumors. 

 
 

THE PROJECT 

 
The project aims to understand the role of variant A3CI188  in human 
cancerogenesis. Understanding the mechanisms of this variant will lead to 
new relevant biomarkers and prevention tools for Hepatocellular 
carcinoma. This project will also build a global vision of the mutation 
spectrum of PLC and co-carcinogenic factors in African patients. Moreover
, by developing

 
a new mouse model, this project will bring new knowledge 

on the impact of genome editing on health and development 

 

 

By 2030, there will be a 
35% increase in the future 
number of new cases of 
PLC annually, compared 
to 2005 (Study over 30 
countries worldwide) 

50–60% of patients with 
HCC are estimated to be 
exposed to systemic 
therapies in their lifespan 
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Origins and dynamics of oral dysbiosis 
associated with enteric dysfunction. 
Preventive intervention in Central African infants.
Project PTR n° 596-2022 

SCIENTIFIC COORDINATOR 
Dr Emmanuel NAKOUNE-YANDOKO, Virology Unit - Institut Pasteur 

Bangui, Central-African Republic 

PASTEUR NETWORK OR INSTITUT PASTEUR (PARIS) 

COLLABORATORS 
Dr Alexandre MANIRAKIZA - Institut Pasteur Bangui, Central-African 
Republic 

Dr Gills NGAYA - Institut Pasteur Bangui, Central-African Republic 
Dr. Romain Koszul – Institut Pasteur Paris, France  

PROJECT SUMMARY 

` 

KEYWORDS 

Metagenomics, epidemiology, surveillance, environmental enteric dysfunction, EED microbiota, oral 
dysbiosis, MetaHiC, public health, chronic infection, neonatal infection, stunting, 

WHAT IS THE RELASHONSHIP BETWEEN ORAL DYSBIOSIS AND ENVIRONMENTAL ENTERIC DYSFUNCTION ?  

MetaHIC
Combined with pre-existing data

to characterize the genetic structure of 

oral and gut microbiota and the impact 

of the oral-hygiene intervention

BLOOD ANALYSIS
Measuring inflammation level

and enteric absorption

§ More efficient treatment strategies

§ Understanding the role of hygiene and comorbidities in stunting

§ First use of MetaHIC into samples directly from the field

§ Medical staff training and skills sharing
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CLINICAL RESEARCH AND 
EPIDEMIOLOGY

Analyzing the impact of oral-hygiene

intervention on infant growth

ENVIRONMENTAL ENTERIC 

DYSFUNCTION (EED)
ORAL DYSBIOSIS 

AND STUNTING
CHALLENGE OF THE ORAL 

MICROBIOTA ANALYSIS

Permeability to 
pathogens, water…

A    C T G G    G C    A 

Inflammation

Disrupted
tissue

Less nutriments
absorbtion

Protective continue 
intestine 

tissue 

allowing

nutriments 

absorbtion

NORMAL EED

Oral microbiota influence 
intestinal one

STUNTING 
(presents in case of  EED)

è Small intestinal bacterial growth

è Oral dysbiosis

è Intestine with domination of usually

oral cavity bacteria

Variety of strains
and species

Mobile 
Genetic

Elements
Extrachromosical
DNA

First use of MetaHiC
sequencing for  oral microbiota
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THE DISEASE 

Environmental enteric dysfunction (EED) is an acquired small intestine 
disorder characterized by a chronic inflammatory condition. This pathology 
is caused by the disruption of the epithelial intestinal barrier, leading to poor 
nutrient absorption. EED is intimately associated with child undernutrition, 
unsafe water, and poor sanitation and hygiene conditions, which contribute 
to stunted growth in children, impaired neurocognitive development, and 
reduced response to oral vaccines. Due to a lack of models, the precise 
mechanisms involved in this disease are poorly known. Precedent attempts 
to treat EED- related stunting by nutritional treatments weren’t conclusive: 
there is a need for new approaches. 

FOCUS ON THE TOPIC!

In a precedent project, the consortium revealed that stunting was associated 
with small intestinal bacterial overgrowth, dominated by bacteria that 
normally reside in the oropharyngeal cavity and are associated with small 
intestinal inflammation and decreased lipids absorption. Moreover, another 
study demonstrated the presence of oral dysbiosis in stunted children. 
Those results bring a new point of view on the stunting etiology and put the 
microbiota in the position of a  good target and biomarker of stunting and 
EED risk. In this context, it is necessary to unravel the oral dysbiosis's 
origins and the curative measures' impact on it (hygiene, prevention…) to 
better understand how EED occurs in patients. 

THE PROJECT 

The project is a continuation of the Afribiota-1 project, conducted by the 
same consortium. Thus, the project capitalizes on the data, collaborations, 
and cohorts obtained previously, which is a considerable asset for the 
feasibility of the project. 
The project aims to better understand the oral microbiota in the context of 
stunting in EED through the first use of the MetaHiC sequencing technique 
on samples directly from the field. MetaHiC will overcome the technological 
limitations encountered to date that have hampered such an approach. The 
teams will analyze the ecology of the oral microbiota, its antimicrobial 
resistance genes and genomic acquisitions, its dynamics, and its 
persistence. To develop a preventive approach to oral dysbiosis and EED, 
the consortium will conduct a clinical trial measuring the impact of an oral 
hygiene intervention on infant growth and the incidence of stunting.  

To date 1 in every 4 (23%) 
children aged < 5 years is 
stunted worldwide. 

In healthy human, it is 
estimated that some 1014 
(100 trillion) bacteria live 
in the intestine. 
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