Figure S1. Plot of leverage versus student residuals for detection of outliers in the set of seven datasets from patient samples from Spain that were analyzed by MNR (a), from samples from China that were analyzed by GC-MS (b), from samples from the United States that were analyzed by LC-MS (c), from samples from Italy that were analyzed by GC-MS (d), from samples from France that were analyzed by LC-MS (e), from samples from Italy that were analyzed by LC-MS (f) and the samples from Italy that were also analyzed by GC-MS (g). In this graph, a sample is considered an outlier if it simultaneously presents high values ​​of Leverage and student residuals. Although some samples had high leverage values, all samples were within the range of ±2.5 standard deviations of student residuals, so no outlier samples were detected. COVID-19, non-COVID-19, voluntarily healthy samples are represented by red, blue and green circles.
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Figure S2. Graphs of Root Mean Square error of Cross validation (RMSECV) versus Number of Latent Variables (LV). This chart aims to select the number of latent variables to be used for training the PLS-DA model. The LV number is selected considering smaller RMSCV values. Thus, the number of LVs used for training the PLS-DA models from data from Spain (dataset 1, MNR data), China (dataset 2, GC-MS data), Spain (dataset 3, LC-MS data), Italy (dataset 4, GC-MS data ), France (dataset 5, LC-MS data), Italy (dataset 6, LC-MS data) and Italy (dataset 7, GC-MS data) are shown in figures (a), (b), (c), (d), (and ), (f) and (g).
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Figure S3. Variable Importance in the projection chart of the most important biomarkers for the diagnosis of COVID-19 using data from Spain (dataset 1, MNR data). The X axis represents all analyzed metabolites; The Y axis represents the VIP score that reflects the importance of each metabolite in predicting the diagnosis of COVID-19. The black dashed line parallel to the X-axis represents the VIP score threshold (VIP score threshold = 1). The metabolites that contribute significantly to the prediction of the different classes of the samples are above the threshold (VIP score > 1).
[image: ]

Figure S4. Variable Importance in the projection chart of the most important biomarkers for the diagnosis of COVID-19 using data from China (dataset 2, GC-MS Data). The X axis represents all analyzed metabolites; The Y axis represents the VIP score that reflects the importance of each metabolite in predicting the different classes of samples (COVID-19 represented by blue color, non-COVID-19 by black color and healthy volunteers by green color). The black dashed line parallel to the X-axis represents the VIP score threshold (VIP score threshold = 1). The metabolites that contribute significantly to the prediction of the different sample classes are above the threshold (VIP score > 1); the top 10 biomarkers have been highlighted in the figure.
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Figure S5. Variable Importance in the projection chart of the most important biomarkers for the diagnosis of COVID-19 using Spain dataset (dataset 3, LC-MS data). The X axis represents all analyzed metabolites; The Y axis represents the VIP score that reflects the importance of each metabolite in predicting the diagnosis of COVID-19. The black dashed line parallel to the X-axis represents the VIP score threshold (VIP score threshold = 1). The metabolites that contribute significantly to the prediction of the different classes of the samples are above the threshold (VIP score > 1).
[image: ]

Figure S6. Variable Importance in the projection chart of the most important biomarkers for the diagnosis of COVID-19 using data from Italy (dataset 4, GC-MS Data). The X axis represents all analyzed metabolites; The Y axis represents the VIP score that reflects the importance of each metabolite in predicting the different classes of samples (COVID-19 represented by blue color, non-COVID-19 by black color and healthy volunteers by green color). The black dashed line parallel to the X-axis represents the VIP score threshold (VIP score threshold = 1). The metabolites that contribute significantly to the prediction of the different classes of the samples are above the threshold (VIP score > 1).
[image: ]

Figure S6. Variable Importance in the projection chart of the most important biomarkers for the diagnosis of COVID-19 using data from France (dataset 5, GC-MS Data). The X axis represents all analyzed metabolites; The Y axis represents the VIP score that reflects the importance of each metabolite in predicting the different classes of samples (COVID-19 represented by blue color, non-COVID-19 by black color and healthy volunteers by green color). The black dashed line parallel to the X-axis represents the VIP score threshold (VIP score threshold = 1). The metabolites that contribute significantly to the prediction of the different classes of the samples are above the threshold (VIP score > 1).
[image: ]
Figure S7. Variable Importance in the projection chart of the most important biomarkers for the diagnosis of COVID-19 using data from Italy (dataset 7, LC-MS data). The X axis represents all analyzed metabolites; The Y axis represents the VIP score that reflects the importance of each metabolite in predicting the diagnosis of COVID-19. The black dashed line parallel to the X-axis represents the VIP score threshold (VIP score threshold = 1). The metabolites that contribute significantly to the prediction of the different classes of the samples are above the threshold (VIP score > 1).
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Fig S8. Profile of the main blood biomarkers associated with the diagnosis of COVID-19 using data from Spain (MNR dataset). Results are grouped according to classes: healthy (n = 280) and COVID-19 (n = 261). Boxes indicate interquartile ranges (median); horizontal lines indicate minimum and maximum values.
[image: ]
Fig. S9. Profile of the main blood biomarkers associated with the diagnosis of COVID-19 using data from China (GC-MS dataset). Results are grouped according to classes: healthy (n = 57), non-COVID-19 (n = 30) and COVID-19 (n = 60). Boxes indicate interquartile ranges (median); horizontal lines indicate minimum and maximum values.
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Fig S10. Profile of the main blood biomarkers associated with the diagnosis of COVID-19 using data from the United States (LC-MS dataset). Results are grouped according to classes: healthy (n = 133) and COVID-19 (n = 254). Boxes indicate interquartile ranges (median); horizontal lines indicate minimum and maximum values.
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Figure S11. Profile of the main blood biomarkers associated with the severity of COVID-19 using data from Italy (LC-MS dataset, dataset 6). Results are grouped according to classes: severe COVID-19 patients (n = 16), moderate COVID-19 (n =16), mild COVID-19 (n = 20) and volunteers healthy subjects (n=9). Boxes indicate interquartile ranges (median); horizontal lines indicate minimum and maximum values.
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Table S1. Important biomarkers in predicting the diagnosis and severity of COVID-19 were common in two or more different databases investigated in the study.
	Biomarker
	Thaizou dataset*
(LC-MS, China)
	Wuhan dataset*
(LC-MS, China)
	Dataset 1
(MNR, Spain)
	Dataset 2 (GC-MS, China)
	Dataset 3
(LC-MS, Spain)
	Dataset 4 (GC-MS, Italy)
	Dataset 5 (LC-MS, France)
	Dataset 6 (LC-MS, Italy)
	Dataset 7
(GC-MS,
Italy)
	Outcome

	Alanine
	+
	-
	-
	-
	-
	-
	-
	+
	+
	Diagnosis

	Ribotimidine
	+
	-
	-
	-
	+
	-
	-
	-
	-
	Diagnosis

	L-Ornithine
	+
	+
	
	+
	-
	-
	
	+
	-
	Severe

	L-Valine
	-
	-
	-
	-
	-
	+
	
	+
	+
	Severity

	L-Glutamic acid
	
	
	
	+
	-
	-
	-
	+
	+
	Severity

	Isoleucine
	+
	-
	-
	-
	-
	-
	-
	+
	+
	Severity

	N-acetyl-glucosamine-1 phosphate
	+
	-
	-
	-
	-
	+
	-
	-
	-
	Severity

	2,6 dihidroxypurine
	-
	-
	-
	+
	-
	-
	-
	-
	-
	Diagnosis

	4-Hydroxyphenylacetoyl carnitine
	-
	+
	-
	-
	-
	-
	-
	+
	-
	Severity


Note: (+) present; (-) absent.; * Dataset from our previous study [37]. 

image5.tiff
Variable Importance in Projection

30

25

20

15

10

Glyerol|

Sarcosine

3-phosphate

Levulinic acid

Cysteine-S-sulfate

Retinal
Ribofhymidine

Nicotinuric acid

Gabapentin

400
Biomarker

minodiacetic acid

Maltodextrin|

500 600

T
——COVID-19
wane Threshold
x-axis zero
-y-axis zero

Thymol sulfate

700





image6.tiff
Variable Importane in Projection

N W A~ OO N ®® ©

-

0

\
|
[
|

2-Hydroxypent-3-enenitrile

I

|
|

Decanol

f

3-

1,2 -Dioleoylglycerol

gamma-Tocopherol

Benzothiazole L-Latifl a

ydroxypyridine sulfate

L
80 100
Biomarker

id

N-Dodecane

L-Valine

—COVID-19

— Healthy
——Non-COVID-19
hreshold
x-axis zero
y-axis zero

o-Tyrosine





image7.tiff
Variable Importance in Projection
- N w » L5, (=2 ~ 0

=)

2-Hydroxybutyric acid

Citramalic aci

Cytosine|

Glycefpl 1-myristate
Indoxyll sulfat

L-Asparaginej

Methyl jasmonate
L#soleucine

— COVID-19

wae Threshold
Xx-axis zero

——y-axis zero

80
Biomarker





image8.tiff
Variable Importance in Projection

18
16
14
12
10

o N » O

—— T T
—COVID-19 L-Alaning
[ | e Threshold Monoacylglicerol| |
Ll x-axis zero
y-axis zero
[ Cholesterol
L Erythrono-{,4-lactone
Palmitic acid
Campesterol alpha-D-Galactofuranos
r 9-Decenoic aci
Dihomo-gamma-linolenic acid
| |Phenylpropanolamine
L il A | N
| VLNIA T WYL
20 40 60 80 100 120 140 160 180 200 220

Biomarker




image9.tiff
' L-Isoleuci
O.B_Gchme 020 -"IS0leucine
> 0.6- > 0.15-
= 7
5 0.4 § 0.10-
‘E i ) i ) o | \
_— ' ’ I ) 0 05_ I I | )
0.2 I ‘ ' ' ) |
00 . . 0.00 . .
COVID-19 Healthy COVID-19 Healthy
0_3_L-Phenylalan|ne 0_5_Pyruvzaﬂd
B 0.4-
2 0.2- 2
"B ‘% 0.3-
G G
= | | £ 0.2-
- cC Y
— 0119 | | —I— =
—L : e— 0.1 ) ! I ! i )
0.0 . . 0.0 . .
COVID-19 Healthy COVID-19 Healthy




image10.tiff
1,

3-Dihydroxypropan-2-yl palmitate

Intensity

0.10
0.08
>
 0.06
£ 0.04
0.02
COVID-19 Non-COVID-19 Healthy
D-Fructose
0.15-
2 0.10+
‘0
c
3
= 0.05- ‘
0.00 Y ' :
COVID-19 Non-COVID-19 Healthy
0.1 5_--Pheny|a|an|ne
2 0.10-
‘0
c
3
E 0.05- %

COVID-19 Non-COVID-19

Heéﬂhy

0.4-

Intensity
o o
N W

o
—

3-Hydroxybutyric acid

Lo

COVID-19 Non-COVID-19 Healthy

Fumaric acid

Sk

0.010-
0.008-
0.006-
0.004-
0.002-

0.000

COVID-19 Non-COVID-19 Healthy

0_05_L-Tryptophan

0.04-

0.03-

ntensity

0.02-

0.01-

L1

COVID-19 Non-COVID-19

Heéﬂhy

Intensity

o
LN
(6

o

o
o
)

Intensity
o
2

Intensity

Aminomalonic acid

nagaipes

_L-Glu

-
o

COVID-19 Non-COVID-19 Healthy

tamic acid

%%%

0.101
0.08-
0.06-
0.04-
0.02-

COVID-19 Non-COVID-19

Heéﬂhy

Ornithine

AN

Intensity
o
o
B

COVID-19 Non-COVID-19 Healthy

o
=)
0

o
o
‘P

o
o
N

_Citric acid

TP

o
o
o

COVID-19 Non-COVID-19 Healthy

L-Lactic acid

Intensity
o
o
N

2.0
1.5-
>
2
5 1.0
=
0.5-
COVID-19 Non-COVID-19 Healthy
0 04_Succinic acid
0.03-

S

COVID-19 Non-COVID-19 Healthy




image11.tiff
4

w

Intensity
N

—
[ |

Glycerol 3-phosphate

(=

Intensity
N W B
Q ? Q

-
(=

Intensity

N

—
[ |

COVID-19 Healthy
_Cysteine-S-sulfate
COVID-19 Healthy
3_Iminodiacetic acid
COVID-19 Healthy

4_Sarcosine
3.
ey
[
o 2~ T
-
- I
1 | |
0 | |
COVID-19 Healthy
5 5_Ribothymidine
2.0-
Py
‘n 1.5-
o
1= 1.0-
0.5
0.0 . .
COVID-19 Healthy
15_Mlaltcdextrin
210-
[
-
9
< 5. T
0 ! . ] —
COVID-19 Healthy

Intensity

Intensity

"

-
| |

Levulinic acid

N WO A~ O

-
| |

COVID-19

Retinal

Heéﬂhy

-

COVID-19

Heéﬂhy




image12.jpeg
200 L-Aspartic acid 800 L-Glutamic acid 400 L-Phenylalanine
150 600 300
2 2 2z
£ 100 £ 400 £ 200
E E E
50 200 100
0 o 0
Mild Moderate Severe Healthy Mild  Moderate Severe Healthy Mild Moderate Severe Healthy
0.20 5-Aminopentanoic acid 0.20 5-Aminopentanoic acid 13 Aminoadipic acid
12
5015 b >11
£ - £ - 9
010 T £ 010 T i
E £ E ol . = T
0.05 0.05: . —_
I;I 1 T I;I T T
0.00 0.00: i7;
Mild Moderate Severe Healthy Mild  Moderate Severe Healthy Mild Moderate Severe Healthy
150 Betaine 55‘.’Taurins.- 1_6§permidine
500
1.4
2 100 = 450 B T
2 4 ‘a
K] § 400 512 T
= s0 = 350 E
1.0
@ 300 %
0 250 — J_
Mild  Moderate Severe Healthy Mild Moderate Severe Healthy 08 Mild Moderate Severe Healthy
8 Dehydroepiandrosterone sulfate 15 Xanthine 0.4Dodecencylcarni|ine
6 I
2 210 > 0.3
s o @ ]
g T § 2oz
s S
2 0.1
ol =+ == - i
Mild  Moderate Severe Healthy Mild ~ Moderate Severe  Healthy Mild Moderate Severe Healthy
0.25]etradecenoylcarnitine 0.3 L-Palmitoylcamnitine
0.20
2 2 0.2
s 0.15: @
2
£ 010 2 n——r—| T
= £ 04 T
0.05: T
.00 0.0

Mild Moderate Severe Healthy

Mild Moderate Severe Healthy




image1.png
Student residual

Student residual

® coviD-19

® Healthy
ero

2

os og
°
'y
2 ®

053000

e
: 005 o1 015 02 025

Leverage

Student residual
°

0 005 01 015 02
Leverage

® covio-1s

® Healthy
Zero
x-axis zero

~——y-axis zero

Student residual

Student residual

0.06
Leverage

008 01 012

0.04
Student residual
covip-19

x-axis zero
——y-axis zero

0.
Leverage

(9)

L) coviD-19

1sle ® Heaty

' weaxs zero
—y.axis zor0

0.5

0

08

4

as

Student res
® covibis
@ Healthy

Zero

x-axis zero

~—y-axis zero

Student residual

03 04
Leverage




image2.png
(a)
0251 {
0.45
g oat R
g 5LV ﬁ
@ 0.251 1 = 04
H
0.251 1 3LV
035
2
B 10 15 2
Latent Variable Number
o (c) 06 (d)
06
5
0.55
5
N 3 os
2 9
3 045
® H
2 T 04
) { 035/ 2LV
o |
° 5 10 15 20 0.2! . .
Latent Variable Number 5 10 15 2
Latent Variable Number
05
g
05
2
H
04
5 10 15 20 5 10 15 20
Latent Variablo Number Latent Variablo Number
(9)
41
04
3
2
& 0.39)
H
H
0.38]
2 e

10 15
Latent Variable Number




image3.tiff
Variable Importance in Projection

16
14
12
10

o N A o

Ethanol

—COVID-19
Threshold

x-axis zero
y-axis zero

L-Phenylalanine
Rleuclne i .
[ A ) Glycme /\Pyruwc acid
AN/ AN\ N J V. M\
5 10 15 20 25 30 35

Biomarker

40




image4.tiff
Variable Importance in Projection

1,3-dihydroxypropan-2-yl palmitate

Citric acid,

13-Hydroxybutiric acid

Aminomalonic
acid,

A

= COVID-19
=~ Healthy

6-Hydroxypurine

= Non-COVID-19

Threshold
x-axis zero
y-axis zero

D-Fructose

Fumaric acid

L-Lactic aci
L-Gjufamic aci

bt

L-Tryptophan

Ornithing

L-Phepylalanine

Phosphoric
acid

Succinic|
acid

20

30

40
Biomarker

50 60

70




