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Abstract 
As the outbreak of coronavirus disease 2019 (COVID-19) progresses, prognostic markers for early 
identification of high-risk individuals and more effective therapeutic approaches are urgent medical 
needs. Worldwide, a more severe course of COVID-19 is associated with older age, comorbidities and 
male sex. At all ages, the male fatality rate is higher, with an overall male:female ratio, in Italy, of 
2.04. Variations in virus characteristics and in patient immunology, as well as in specific genes related 
to viral infection and disease pathogenesis are likely to be involved. 
Here, we plan to investigate whether genetic factors play a role in modulating susceptibility to SARS-
CoV-2 infection and severity of clinical manifestations. Importantly, we will explore the contribution 
of variants in the X chromosome in protecting women towards more severe outcomes. 
We will perform a genome-wide association study (GWAS) on a cohort of patients collected in one of 
the most affected area in Italy (Milano, Monza, Bergamo). We plan to adopt a GWAS study design, 
which is a robust, easy-to-perform, industry-standardized tool for deciphering genetic predisposition, 
and allows, using imputation, to capture the great majority of genetic variability. In addition, on 
patients showing “extreme” phenotypes (e.g. young patients with severe outcomes), we plan to 
perform exome sequencing. 
We plan to stratify patients based on severity of symptoms, age, and/or sex. Importantly, clinical and 
genetic data will be analyzed together using an unbiased approach (based on machine learning) to 
identify combinations of variables able to predict different outcomes (eg, severe vs milder 
symptoms). 
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Our study has the potential to identify genetic variants: 1) predisposing to increased susceptibility to 
infection; 2) explaining different outcomes in affected; and 3) protecting women against more severe 
outcomes. 

 
Main technical approaches 
• Usage of DNA databases (Genome Browser, 1000Genomes, HapMap, dbSNP, GnomAD) 
• Bioinformatic analyses of nucleotide sequences (exome, genome) (alignment, filtering, annotation, 
and variant calling using specific pipelines and software, such as BWA, Samtools, Annovar, FastQC, 
Galaxy) 
• In-silico analysis of the effect of mutations (using programs such as Polyphen, Sift, Mutation taster, 
Condel, NNSPLICE, Human Splicing Variation, NetGene2) 
• GWAS data QC, imputation, association analyses 
• Haplotype analysis 
• XWAS analysis 
• Integration of genetic and clinical data by machine learning 
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