APPEL D'OFFRE FONDATION MEDITERRANEE INFECTION 2024

DOCTORANT H/F

Titre du projet en francais et en anglais :

Evaluation de la sensibilité aux antibiotiquesCiiella burnetiipar microscopie électronique a
balayage

Evaluation of Coxiella burnetii antibiotic suscéjyility by scanning electron microscopy

Descriptif du projet en 10 lignes en Francais/Amg{abstract) :

La fievre Q, causée par la bactéries intracellel@ioxiella burnetii,est une zoonose de plus en plus
préoccupante pour la santé publigdi@rrcotte, M.-E et al., 2021) (Cléa Melenotteet al., 2019).
L'infection & Coxiella burnetiidemeure un défi pour les médecins, principalengntraison de
l'absence de coordination internationale pour aréliles résultats cliniques et les tests de siitésib

aux antibiotiquegCléa Melenotte et al., 2019).L'émergence de la résistance a été associée a des
épidémies, notamment dans les cas de rechutefiévde Q chroniquéAupee Oet al., 2009).

L'objectif de notre recherche est de développermathode d'étude de sensibilité aux antibiotiques

en utilisant la microscopie électronique. Dans lg de standardiser ce test et de l'appliquer

directement aux échantillons afin de pouvoir foudes résultats reproductibles entre les différents

laboratoires et dans un délai inférieur a celuiuremar les méthodes classiques. De plus, nous
prévoyons intégrer une analyse génomique car stexictuellement un manque d'études génomiques
approfondies sur la résistance@exiella burnetii

Q fever, a disease caused by the intracellulaebaoch Coxiella burnetij is a zoonosis of increasing
public health concer(Turcotte, M.-E et al., 2021) (Cléa Melenottet al., 2019) Coxiella burnetii
infection remains a constant challenge for physgianainly due to the lack of international
coordination to improve clinical outcomes and appiate antibiotic susceptibility testing. The
emergence of resistance has been associated wdtém@ps, particularly in relapsing and chronic Q
fever(Aupee O et al., 2009).

The objective of our research is to develop a puetbr studying antibiotic susceptibility using
electron microscopy. The aim is to standardizetdgsand apply it directly to samples, in order to
provide results in a shorter timeframe than thatired by conventional methods. In addition, wepla
to integrate a genomic analysis, as there is ctliyrarlack of in-depth genomic studies Goxiella
burnetii resistance

Introduction et état de l'art :

Coxiella burnetij an intracellular bacterium, is the causative agérQ fever, a disease that has a
polymorphic presentation in humaiiRaoult D et al., 2005) (Melenotte Cet al.,, 2020) We
differentiate acute Q fever and persistent focdlimgection. The first, ranges from an asymptomatic
seroconversion to more severe symptoms includingumoniae and hepatitigCaron F et
al.,1998)(Fournier PEet al., 2001).In persistent focalized infection, endocarditishe most frequent
clinical presentation. Regarding the treatment,ydggline is the recommended first line therapy.
However, someC. burnetii strains are doxycycline-resistant, and cases ofiigan] resistance to
doxycycline during prolonged treatment, as is tasecfor Q fever endocarditis, have been reported
(Eldin C et al.,2016) Currently, antibiotic susceptibility testing f@. burnetiiis a challenge, being



limited to few laboratories worldwide due to thejandimitations of culture on cellular and axenic
media and the requirement to work in BSL3 environni®ori M et al., 2017) In addition, among
the hurdles standing in the way of such testinghes fact thatC. burnetiiis a slow-growing and
fastidious bacterium, making it impossible to aetely assess its antibiotic susceptibilfyiana J
Vacaet al., 2022)and to give results in less than two to three welekaddition, the variability of test
protocols used in clinical and research laborasorieeans that there is a lack of standardization,
making it difficult to compare results between &gdEldin C et al., 2017).

In the present project, we aim to use scanningtreleanicroscopy for in-depth study of antibiotic
susceptibility testing (AST) oF. burnetiid(Gabriel Haddad et al., 2021) This approach involves the
culture of susceptible (Nine Mile strain) and resm$ (Henzerling strainl. burnetii strains, which
will be exposed to various antibiotics to assesg tificacy against the bacteriufid. A. Clay et al.,
2021) After treatment, both strains will be prepared microscopic observation, enabling direct
visualization of the effects of antibiotics on k&a@l cell morphology and structure, thus enabtimg
provide results for antibiotic susceptibility tegtiwithin a few days. Quantitative analyses wilcabe
carried out to quantify the effects of antibiotims C. burnetiigrowth and viability, using PCR and
genome sequencir(GB Howe, et al., 2009)

Using this microscopy approach, we aim to obtaitaitkrl data on the response ©@bxiella to
antibiotics in a shorter time compared to tradiiiomethods, enabling a better understanding of
resistance and susceptibility mechanisms, and plienzation of treatment strategies by obtaining
rapid AST results and by testing a panel of antiitéo

Matériels et méthodes : (confidentiel data)

-Strain collection

Coxiella burnetiistrains will be provided by the national refereneater (CNR). The panel of strains
will include susceptible (Nine Mile...) and resistatrains (Henzerling...) to doxycycline.

-Culture
Strains will be cultivated on axenic media (cedlfrmedia) within the NSB3 laboratory.
-Microscopic Observation

Electron microscopy observation will be done onlad top scanning electron microscope with the
collaboration of the microscopy team. This willoa¥l direct visualization of the effects of antibasti
on bacterial growth cell morphology and structimestenabling to provide results for antibiotic
susceptibility testing within a few days.

-Proof of concept

The proof of concept will be elaborated by exposigjstant and susceptible strains to doxycycline.
Quantitative analyses will also be carried outuargify the effects of antibiotics dd. burnetii
growth and viability, using PCR and genome sequenci

-Efficacy assessment of different antibiotic molesu

Once the proof of concept is elaboratakiella burnetiidstrains will be exposed to a panel of
different antibiotics (quinolones, co-trimoxazolaonolide...) to assess their efficacy against the
bacterium.



Objet de I'étude Evaluation of Coxiella burnetiiantibiotic susceptibility by scanning electron
microscopy

Mise en ceuvre de I'étude

This study will take place in the NSB3 laboratoresl microscopy platform of the IHU
(Méditerranée infection)

Echantillonnage sur le terrain:

No sampling is needed for this study.
Only collection strains provided by the nationdérence center (CNR) will be used.

Analyses de laboratoire

Laboratory analysis consists on culture, electraar@scopy observation and molecular biology (pcr
and genome sequencing)

Obijectifs primaires et secondaires

v' Development of a new antibiotic susceptibility tiestCoxiella burnetiin axenic medium:
This test will make it possible to ass€xsiella'sresponse to antibiotics in axenic medium
more efficiently and accurately.

v" Method standardization: The aim is to establishrgiotocols and guidelines to ensure
reproducibility and reliability of. burnetiiantibiotic susceptibility testing in an axenic
environment, thus facilitating comparison of restietween different studies and laboratories.

Résultats envisagés :

v’ Standardization of a new antibiotic susceptibilégting method applied ©. burnetiiusing
electron microscopy.

v" Reduce the time needed to obt@ioxiellaantibiotic susceptibility test results, from sealer
weeks to just a few days (3 days). This will endhgter, more effective decision-making in
the treatment of Q fever.

Compétences attendues :

-Experience in electron microscopy.
-Experience in bacterial culture, staining....
-Knowledge in molecular biology.

-Experience witlCoxiella burnetiiculture on axenic media is a plus.



Conditions de réalisation de la thése

Etre titulaire d'un dipldme national de master tunciutre dipléme conférant le grade de master

Rémunération mensuel (151h67centiéme)

e 2100 euros brut, de la date de conclusion du abatr 31 décembre 2024 ;
e 2200 euros brut, difjanvier au 31 décembre 2025 ;
e 2300 euros brut, difanvier au 31 décembre 2026.
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