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SARS-CoV-2 infection is characterized by a range of symptoms including fever, cough, fatigue and myalgia in
the majority of cases. More severe cases of COVID-19 show development of acute respiratory distress syndrome
(ARDS) leading to mortality. A high number of patients with ARDS secondary to COVID-19 developed life-
threatening thrombotic complications. Increasing clinical data indicated that the neutrophil-to-lymphocyte ratio
(NLR) is a powerful predictive and prognostic indicator for severe COVID-19. In an attempt to identify neutrophil
surface markers that may help to predict severity of COVID-19 infection, we recently developed a multi-parametric
neutrophil profiling strategy and revealed new immature neutrophil subsets. These markers were significantly
correlated with disease severity. Whether these new tools may help monitor COVID-19 patients and improve
clinical care remains to be determined. To test the hypothesis of a virally-driven neutrophil profile that could be a
good COVID patients’ disease-state indicator, we now propose to better characterize the neutrophil subsets in
COVID-19 patients and how neutrophil dysregulation can result from an inappropriate functional differentiation
to a critical clinical outcome with thrombotic complications. The proposed research program combines 1) ex vivo
analysis in patients and 2) preclinical murine model of COVID-19. We will first provide a detailed molecular and
cellular analysis of the neutrophil subsets in blood in both COVID-19 patients and controls using high-resolution
single cell RNA sequencing (scRNAseq) analysis. We will confirm that the phenotype, the function and the
dynamic of some neutrophil subsets is associated with COVID-19 and its complications in a murine model of Sars-
Cov2 infection. The final ambition of the program is to propose drugs targeting neutrophil subsets fate and
differentiation leading to inflammatory disorders. Globally, this research program is designed to better understand
the role of neutrophil subsets in COVID-19 and to define therapeutic targets directed at facilitating inflammation
resolution and improving COVID-19 complications.

The team of C. Combadiere recently performed a comprehensive evaluation of whole blood circulating neutrophils
in septic (Meghraoui-Kheddar A. et al, manuscript submitted). High dimensional mass cytometry revealed a
specific neutrophil signature of sepsis severity that does not overlap with other inflammatory biomarkers, and that
distinguishes patients with infection from those with non-infectious inflammatory syndrome. Unsupervised
analysis of 40-dimesional mass cytometry data characterized previously unappreciated heterogeneity within the
CD64+ immature neutrophils and revealed new subsets. These immature neutrophils exhibited diminished

activation and phagocytosis functions.
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Faisabilité du projet de thése (1/2 page maximum, en anglais)

Expliciter la faisabilité du projet en terme d'expertise de l'équipe d'accueil, des collaborations potentielles qui
pourront étre mises en place pour certains aspects du projet, de la disponibilité des appareils nécessaires au bon
déroulement du projet...

There remain unmet needs for specific and rapid prognostic tests for COVID-19 severity and complications, which directly
reflects the inflammatory status of patients and discriminate patients that will develop severe symptoms from those that will
develop critical symptoms requiring intensive medical care. Our ambition is to better characterize the neutrophil subsets in
COVID-19 patients and how neutrophil dysregulation can result from an inappropriate functional differentiation to a critical
clinical outcome. The proposed research program is organized in three main tasks and combines 1) ex vivo characterization
of the neutrophil diversity in patients and controls, 2) characterization of the neutrophil dynamic in SARS-CoV2 preclinical
murine model, and 3) functional modulation of the neutrophil subsets for therapeutic approaches.

The task 1 will provide a detailed molecular and cellular analysis of the neutrophil subsets in both patients and controls. It
mainly will rely on a high-resolution single cell RNA sequencing (scRNAseq) analysis of neutrophil subsets in the peripheral
blood.

The task 2 will study the phenotype, the function and the dynamic of the neutrophil subsets in the murine Sars-Cov2 infection
and complications. Major assets to address this issue is our expertise in infectious murine models, and the large numbers of
tools that we developed to characterize pathophysiological complications in murine models.

The final ambition of the team is to propose drugs targeting neutrophil subsets fate and differentiation leading to inflammatory
disorders. It will help define therapeutic targets directed at facilitating inflammation resolution and improving COVID-19
complications. We already identified 2 targets described as potent prognosis markers of Covid-19 severity (CD123) and
thrombotic complications (LOX-1). In both cases, monoclonal antibodies have been already used with success in murine

model of sepsis.
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