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Project description (Number of characters, including spaces: 2.000 - 3.000): 

Coronavirus disease 2019 (COVID-19) has evolved into a worldwide pandemic with more than 230 million individuals 

infected and 4.7 million deaths as of September 2021. Despite most people survive to the virus, there are increasing 

reports of persistent and prolonged post-acute effects of COVID-19 which hamper the functioning and quality of life of 

the survivors. Beside the specific organ somatic consequences, a wide literature is consistently highlighting long lasting 

neurocognitive deficits, also defined as “brain fog”, chronic fatigue syndromes and the onset or psychopathological 

symptoms, mainly related to anxiety and depression. These long-term effects persist over more than one year after the 

clearance of the virus, and translate in an increasing burden of disease and years lived with disability, impacting both, 

quality of life and the socio-economic status of patients, and the welfare system which takes care of them. 

Studies on the relationship between post COVID-19 neurocognitive deficits, brain structure and function, and the 

clinical conditions of the patients, are in its infancy, but preliminary data obtained in our research unit allow to 

hypothesize that regional brain microstructure and functional and structural connectivity could mediate the relationship 

between a COVID-19 and its psychopathological sequelae, and are in agreement with current perspectives on the brain 

structural and functional underpinnings of depressive psychopathology, and the effect of neuroinflammation in mood 

disorders: also considering the bidirectional link between COVID-19 and psychiatric conditions: post-acute COVID-19 

neurocognitive phenotypes are associated with anxiety and depression, and pre-existing major mood disorders foster 

worse COVID-19 outcomes. 

The current PhD project is focused on: 

1) Assessing the epidemiology of these long-term effects, and their impact on participants quality of life, through

online surveys in Italian general population (1 year); and in patients enrolled at COVID-19 Follow-up Outpatients clinic 

at IRCCS Ospedale San Raffaele S.R.L., which is monitoring patients since March 2020. 

2) Providing an in-deep clinical (medical data related to COVID-19 and related pathologies), neurocognitive, and

neural phenotyping (structural and functional neuroimaging; n=100) of COVID-19 survivors, aiming at defining the 

biological underpinnings of post-COVID neurocognitive deficits. This task will also exploit new technologies for the 

quantification of circulating peripheral markers of neuronal damage (e.g., neurofilament light chain) that our research 

group contributed to validate in brain neuroinflammation and acute COVID, to predict its fatal outcomes.  

3) Identifying specific vulnerable subpopulations by applying advanced unsupervised machine learning techniques

(such as topological data analysis, penalized regressions, support vector machine, multiple kernel learning optimized 

through bootstrapping and nested cross-validation procedures), that will allow to identify meaningful clusters of 

individuals characterized by specific relationships between sociodemographic, neurocognitive, clinical and functioning 

variables (1-2 years); this will be applied both, to data gathered in general population and in the deep phenotyping of 

COVID-19 survivors; 
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Skills to be acquired by the student: 

The candidate will actively participate to all phases of the project: from design of the protocols and surveys, data 

collection, to the analyses of the data though cutting-edge statistical methods (e.g. TDA) including multimodal 

neuroimaging analyses (resting state and task based fMRI, including connectivity analyses, structural imaging for grey 

matter volumes and thickness, and white matter integrity).  

Neuropsychological assessment: Administration and scoring of a neuropsychological battery for the assessment of 

cognitive functions in major psychoses, that we have validated in general Italian populations and for common use in 

clinical settings, including the mood disorder clinic (BACS, Brief Assessment of Cognition in Schizophrenia: verbal 

memory, digit sequencing for working memory, token motor, semantic fluency, letter fluency, symbol coding for speed 

of processing, tower of London for executive functions); and deeper evaluation of specific domains through further 

integrative testing (e.g., Trail Making Test A, B; Rey–Osterrieth complex figure test).  

Multimodal neuroimaging techniques: MRI analyses to explore functional & structural networks: BOLD fMRI 

(SPM12), VBM, subcortical volumes (Freesurfer) and cortical thickness (CAT12), Tract-Based Spatial Statistics 

(TBSS; FSL) and tractography analysis of WM tracts, Dynamic Causal Modelling (DCM; SPM12), new fMRI tools for 

the analysis of seed-to-voxel connectivity maps, ROI-to-ROI connectivity and graph metrics, Independent Components 

(ICA networks), local homogeneity, intrinsic connectivity, centrality, etc.; resting state fMRI (RestPlus, CONN); 1H-

MRS.  
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