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Table S1. Classification Standards for Different Severities of COVID-19
	Severities
	Classification Criteria

	Mild to Moderate
	1). Hospitalized but without oxygen or with low-flow oxygen. 2). Imagological changes found or not, but not meet the standard of Severe. 3). Serum IL-6 concentration less than 90 pg/mL. Meet one of the above.

	Severe
	1). Intubation and ventilation or high-flow oxygen, or additional organ support. 2). Shortness of breath, RR≥30 beats/min. 3). SO2 less than 93% at rest. 4). PaO2/FiO2 less than 300mmHg. 5). Acute progressing with imagological lesion grew more than 50% in past 24-48 hours. 6). Shocked. 7). Serum IL-6 concentration more than 90 pg/mL Meet one of the above.

	Fatal
	Reported death as the clinical end.

	Non-Covid
	Shown similar clinical characteristics including fever and/or cough as COVID-19 patients but tested as negative with nucleic acid.




Table S2. Technical Information of all datasets included in this study
	
	Data
	Platform
	Column
	Main Extraction*
	Ion Mode
	Sample

	A1
	Raw
	UPLC-QE
	C18
	Folch -> Choroform/methanol
	Neg + Pos
	Serum

	A2
	Raw
	UPLC-QTOF
	HILIC
	Acetone + methanol ->acetonitrile + H2O
	Neg + Pos
	Serum

	A3
	
	
	C18
	
	
	

	C1
	Raw
	UPLC-TTOF
	C18
	[bookmark: _Hlk58007409]Chloroform/methanol -> water -> aqueous/methanol
	Neg + Pos
	Plasma

	C2
	Table
	UPLC-QEHF
	C18
	Ethanol ->methanol
	Neg + Pos
	Serum

	C3
	Table
	UPLC-QTRAP
	C30
	Methanol + MTBE
	Neg + Pos
	Plasma

	B1
	Raw
	HPLC-micrOTOF
	C18
	MeOH:MeCN -> Water
	Neg + Pos
	Plasma


* Extraction method only show the main steps of all studies briefly.








 Table S3. Clinical Demographics Characteristics of All Samples
	
	CONTROL
	COVID-19

	Characteristics/Severity
	Healthy
	Mild to Moderate
	Severe
	Fatal

	Age/Years/Sample#
	
	
	
	

	<20
	0
	4
	0
	0

	20~60
	69
	96
	36
	0

	> 60
	3
	40
	23
	4

	Not Clear *
	56
	28
	22
	36

	Sex (Sample#)
	
	
	
	

	Male
	50
	72
	39
	7

	Female
	33
	57
	19
	1

	Not Clear *
	26
	28
	22
	36 

	Onset time/Days
	-
	8.26
	9.6
	8.12

	Treatment
	
	
	
	

	Hydroxychloroquine
	-
	28
	-
	-

	Remdesivir
	-
	3
	-
	-


* Not Clear: refers to that the related information is not available from the original manuscript. The number refers to the samples number rather than the subjects’ number.

Table S4. Optimized parameters of all datasets for raw spectral processing
	NO
	ION 
	Algorithm
	ppm
	peakwidth
	mzdiff
	s/n
	noise
	prefilter
	bw

	A1
	Negative
	centWave
	1.78
	3.625, 35.375
	0.004
	10.65
	0
	2, 1172.26
	2

	A1
	Positive
	centWave
	1.78
	3.625, 42.125
	0.006
	12.05
	0
	2, 1172.26
	2

	A2
	Negative
	centWave
	11.13
	6.25, 14.75
	0.013
	15
	0
	2, 10
	2

	A2
	Positive
	centWave
	17.99
	10.125, 40.75
	0.016
	9.5
	0
	2, 10
	2

	A3
	Negative
	centWave
	13.8
	8.25, 51.5
	0.012
	16.05
	0
	2, 10
	2

	A3
	Positive
	centWave
	13.26
	4.375, 48.875
	0.016
	14.5
	0
	2, 10
	2

	C1
	Negative
	centWave
	10.58
	4.5, 19
	0.013
	13.75
	0
	2, 10
	2

	C1
	Positive
	centWave
	35.96
	7, 15.5
	-0.02
	10
	0
	2, 10
	2

	NO
	ION 
	Algorithm
	CriticalValue
	consecMissedLimit
	Unions
	checkback

	B1
	Negative
	Massifquant
	1.125
	2
	1
	0

	B1
	Positive
	Massifquant
	1.125
	2
	1
	0
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Figure S1. The spearman correlation analysis on the onset time (days) with the metabolites in the significantly perturbed pathways. (A). C05791, D-Urobilinogen. (B). C00154, Palmitoyl-CoA. (C). C01079, Protoporphyrinogen IX. (D). C00157, PC(16:0/16:1(9Z)). (E). C00157, PC(16:0/18:0). (F). C00219, Arachidonic acid. (G). C00430, 5-Aminolevulinate. (H). C01024, Hydroxymethylbilane. (I). C01051, Uroporphyrinogen III.
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[bookmark: _Hlk58257080]Figure S2. Cluster heatmap analysis between Covid and HC groups of Dataset A1 in negative (A) and positive mode (B).
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[bookmark: _Hlk58257108]Figure S3. Cluster heatmap analysis between Covid and HC groups of Dataset A2 in negative (A) and positive mode (B).
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[bookmark: _Hlk58257178]Figure S4. Cluster heatmap analysis between Covid and HC groups of Dataset A3 in negative (A) and positive mode (B).


[bookmark: _Hlk58257216]Figure S5. Cluster heatmap analysis between Covid and HC groups of Dataset C1 in negative (A) and positive mode (B).
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[bookmark: _Hlk58257229]Figure S6. Cluster heatmap analysis between Covid and HC groups of Dataset C2 (A) and C3 (B).


[bookmark: _Hlk58257244]Figure S7. Cluster heatmap analysis between Covid and HC groups of Dataset B1 in negative (A) and positive mode (B).
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Figure S8. Overview of perturbed pathways in COVID-19 across datasets for comparison between MM (Mild-to-moderate) and Severe COVID-19. Every dataset is marked as a specific color. Multiple hits from different datasets on the same metabolite is shown a pie chart with each part colored with the same color code.
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Figure S9. The metabolic pattern between MM and Severe of dataset C3. A consistent decreased metabolic pattern was observed and enriched as only one significantly perturbed pathway (Phenylalanine, tyrosine and tryptophan biosynthesis, containing 1 changed metabolite).
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Figure S10. The metabolic pattern between MM and Severe of dataset C1 and C2. There is no consistent metabolic pattern cluster found in these datasets.
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Figure S11. Overview of perturbed pathways in COVID-19 across datasets for comparison between Severe and Fatal COVID-19. Each dataset is marked as a specific color. Multiple hits from different datasets on the same metabolite is shown a pie chart with each part colored with the same color code.
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Figure S12. The PRISMA Flow Diagram
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