Supplementary Notes
Genetically predicted expression of candidate target genes is associated with observed blood cell traits  
To further confirm and examine the associations between the expression of candidate target genes and blood cell traits, we additionally performed association analyses between genetically predicted gene expression levels and observed blood cell traits in 310,999 unrelated European individuals from the UK Biobank, the same dataset used in the PheWAS analysis. Applying the PrediXcan pipeline (1) and leveraging MASHR-based models of the GTEx V8 reference dataset (2), we predicted the expression levels of each candidate target gene in 49 tissues and cells, and further tested their associations with each of the 31 observed blood cell traits. To summarize evidence of an association between a gene and a specific trait, we applied the MultiXcan tool to integrate information across all available tissues (3). First, these additional analyses confirmed the associations between the expression of candidate target genes and blood cell traits (Supplementary Table 10). For instance, across all examined tissues, observed monocyte count is associated with genetically predicted CCR1 (p = 2.7910-19) and CCR2 expression (p = 1.8310-28); observed eosinophil count is associated with genetically predicted CCR3 expression (p = 4.3510-4); observed neutrophil percentage is associated with genetically predicted CCR3 expression (p = 3.3510-5). Second, the tissue-level analysis in 49 tissues revealed tissue-specific association patterns (Supplementary Table 11). For instance, the association between CCR1 and monocyte count is positive in some tissues (e.g., amygdala, cerebellar hemisphere, and hippocampus), but negative (e.g., esophagus, lung, and colon) and non-significant in others (e.g., stomach, heart atrial appendage, and putamen basal ganglia). These tissue-dependent patterns indicate that there are more possible pathways connecting the COVID-19 risk variant, blood cell traits, and COVID-19, in addition to those presented in Figure 3 and based on associative patterns in blood samples. The relatively large number of significant associations in different tissues makes it challenging to further narrow down to specific tissues. Additionally, since the phenotypes of special interest are blood cell counts and percentages, it will be especially informative if we could evaluate gene expression in specific subsets of blood cells. However, these are currently unavailable in the GTEx reference dataset. Nevertheless, our additional analysis confirms the link between a major genetic locus of severe COVID-19 and blood cell traits.    

Relevant research progress with detailed references
While this manuscript was under review, tremendous research progress was made on understanding the host genetics and disease etiology of COVID-19. First, more genetic association studies of COVID-19 have confirmed the association of locus 3p21.31 with the severity of (4-7), and susceptibility to COVID-19 (4). Second, transcriptome-wide association analysis (TWAS) similarly highlighted genes at locus 3p21.31. The genetically predicted expression levels of these genes in specific tissues have been associated with COVID-19 susceptibility or severity, such as the association of CCR2, CCR3, and CXCR6 expression in lung tissue with critical COVID-19 (7). Third, potential mechanistic insights were obtained. CCR1 and the canonical ligands for CCR1, CCR2, and CCR3, such as CCL2, CCL3, CCL4, CCL7, and CCL8, have upregulated expression in bronchoalveolar lavage fluid of COVID-19 patients (8). The blood level of CCL2 was significantly elevated in both mild and severe COVID-19 patients (9). Additionally, the potentially causal roles of white blood cells in the development of severe COVID-19 were evaluated in a two-sample Mendelian randomization study. Genetically predicted lower counts of white blood cells, myeloid white blood cells, and granulocytes, and higher eosinophil percentage were found to be associated with an increased risk of severe COVID-19 (10). These recent discoveries further strengthen the link from locus 3p21.31 to blood cell traits and then to severe COVID-19.
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