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Fig. S1. Principal component analysis score plot of COVID-19 patients (red dots), healthy 
subjects (green dots) and QC samples (green dots). The analysis shows that QC replicates are 
well clustered together, reflecting the instrumental reproducibility for lipidomics in both positive 
(A) and negative (B) mode and for metabolomics (C). 
 
 

 
Fig. S2. Principal component analysis (PCA) score plot of non-critical positive patients (COVID-
19) (red dots) and healthy subjects (green dots). The two groups are well separated for positive 
mode (A) and negative mode (B) lipidomics analysis but also for metabolomics (C).   
 
 



 

 
Fig. S3: Partial Least Square Discriminant Analysis (PLS-DA) of non-critical positive patients 
(COVID-19) (red dots) and healthy subjects (green dots). The two groups are well separated for 
positive mode (A) and negative mode (B) lipidomics analysis but also for metabolomics (C).  
Important features identified by PLS-DA for samples analyzed in positive mode (D) and 
negative mode (E) lipidomics analysis and metabolomics (F): colored boxes indicate the relative 
concentrations of the corresponding metabolite in each group under current study (red, up-
regulation; green, down-regulation). 
 



 
Fig. S4: Heat-maps of top modulated lipids in positive (A) and negative (B) mode and of small 
molecules (C) for the comparison between ICU-COVID-19 versus ICU. Principal component 
analysis of ICU-COVID-19 and ICU patients. The graphs show a clear separation between the 
two classes of samples.  
 



 

Fig.  S5: Modulated lipid classes (A) and number of up-regulated and down-regulated lipids (B) 
in ICU-COVID-19 patients respect with ICU. 
 

 

 

Fig.  S6: Bar plots (average ± SD) of FA 20:4 (A) and FA 18:1 (B) in healthy subjects, non-
critical and severe COVID-19 patients. 
 



 

Fig. S7: Metabolic pathway analysis (left) performed on modulated metabolites and metabolite 
sets enrichment (right) in ICU-COVID-19 versus ICU. 
 

 



 

Fig.  S8: Modulated lipid classes (A) and number of up-regulated and down-regulated lipids (B) 
in COVID-19 patients respect with ICU-COVID-19 patients. 
 

 

Fig. S9: Metabolic pathway analysis (A) performed on modulated metabolites and metabolite 
sets enrichment (B) in COVID-19 versus ICU-COVID-19. 



 

 

 
Fig. S10: Score plots from PCA indicating COVID-19 female patients (red dots), COVID-19 
male patients (green dots), healthy female subjects (violet dots) and healthy male patients (blue 
dots). PCA was performed for metabolomics (A) and lipidomics in positive (B) and negative (C) 
mode. Male and female patients resulted well distributed across all samples and clusters 
specifically related to males or females were not present. Box-plots (average ± SD) of main 
circulating biomarkers FA 20:4 (D), FA 18:1 (E), 2-hydroxy-3-methylbutyric acid (F) and 2,3,4-
trihydroxybutyric acid (G) with COVID-19 patients and healthy subjects divided for gender. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Fig. S11: Validation of selected potential lipid biomarkers including non-COVID-19 patients 
with similar symptoms as those with the COVID-19 infection. The figure reports the box-plots 
(average ± SD) and ROCs of Phosphatidylcholine 14:0_22:6 (A), phosphatidylcholine 16:1_22:6 
(B), phosphatidylethanolamine 18:1_20:4 (C), glycerophosphoethanolamines PE (O-18:2_20:4) 
(D), glycerophosphoethanolamines PE (O-16:1_18:2) (E), arachidonic acid (FA 20:4) (F) and 
oleic acid (FA 18:1) (G). 
 

 
 

 

 



 
Fig. S12: Validation of selected potential molecules biomarkers including non-COVID-19 
patients with similar symptoms as those with the COVID-19 infection. The figure reports the 
box-plots (average ± SD) and ROCs of 2-hydroxy-3-methylbutyric acid (A), 2,3,4-
trihydroxybutyric acid (B), 2-hydroxybutyric acid (C), 3-hydroxyisovaleric acid (D), palmitic 
acid (E), galactopyranose (F), L-pyroglutammic acid (G), butanedioic acid (H), and L-valine (I). 
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Fig. S13: Bar plots (average ± SD) of histidine (A), glutamine (B) and proline (C) in healthy 
subjects, non-critical and severe COVID-19 patients and in critical non-COVID-19 patients. 
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Fig. S14: Bar plots (average ± SD) of FA 18:1 (left) and FA 20:4 (right) in healthy subjects, 
non-critical and severe COVID-19 patients and in critical non-COVID-19 patients. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table S1. Identified, quantified and modulated lipids.  
Table S2. RSDs of internal standards in QC samples of lipidomics analysis 
Table S3. Identified, quantified and modulated small molecules  
Table S4. RSDs of internal standards in QC samples of metabolomics analysis 
 
 
 
 
 
 
 
 
 


