[bookmark: OLE_LINK256][bookmark: OLE_LINK257][bookmark: OLE_LINK212][bookmark: OLE_LINK258]Supplementary table 1. Laboratory data obtained on admission of all patients
	Features

	Complete blood cell count

	white blood cell (WBC)
	neutrophil count (NEUT)
	hematocrit (HCT)

	[bookmark: _Hlk503349026]platelet count (PLT)
red blood cell (RBC)
	lymphocyte absolute value (LYMPH)
	hemoglobin (HGB)

	Coagulogram

	prothrombin time (PT)
	activated partial thromboplastin time (APTT)
	international normalized ratio
(INR)

	thrombin time (TT)
	d-dimer
	

	Inflammatory markers
	
	

	c-reactive protein (CRP)
Liver function
         alanine aminotransferase (ALT)
      gamma-glutamyl transpeptidase (GGT)
indirect bilirubin (IBil)
	procalcitonin (PCT)

aspartate aminotransferase (AST)
total bilirubin (TBil)

	

alkaline phosphatase (ALP)
direct bilirubin (DBil)


	Renal function

	blood urea nitrogen (BUN)
Biochemical indexes
blood glucose (Glu)
Myocardial enzyme
    lactate dehydrogenase (LDH)

    alpha-hydroxybutyric dehydrogenase (α-HBDH)

	creatinine (Cr)

calcium ion (Ca2+)

creatine kinase (CK)


	



creatine phosphokinase-Mb
(CKMB)








Supplementary table 2: Demographics and clinical characteristics of COVID-19 patients in testing set 1.
	Demographics and clinical characteristics
	All Patients (n=78)
	Nonsevere (n=48)
	Severe (n=30)
	P value
	

	Median age, years, (IQR)
	60.90(55-63.82)
	53.83(50.04-57.63)
	72.20(67.65-76.75)
	0.000 
	

	Male sex, N (%)  
	44(56)
	23(48)
	21(70)
	0.056
	

	Onset time, days, (IQR)
	23.41(20.43-25.79)
	24.46(21.19-27.73)
	21.73(17.14-26.33)
	0.393
	

	Comorbidity, N (%) 
	
	47(73)
	24(50)
	23(73)
	0.019
	

	Hypertension, N (%)
	30(38)
	16(33)
	14(47)
	0.239
	

	Diabetes, N (%)
	13(17)
	6(13)
	7(23)
	0.212
	

	Coronary heart disease, N (%)
	2(3)
	1(2)
	1(3)
	1.000 
	

	Chronic obstructive lung disease, N (%)
	5(6)
	1(2)
	4(13)
	0.069
	

	Carcinoma, N (%)
	0
	0
	0
	-
	

	Chronic kidney disease, N (%) 
	2(3)
	0
	2(7)
	0.145
	

	Other, N (%)
	8(10)
	4(8)
	4(13)
	0.746
	

	Two or more, N(%)
	
	17(22)
	5(10)
	12(40)             
	0.002
	

	Initial symptom
	
	
	
	
	

	None, N (%)
	
	9(12)
	8(17)
	1(3)
	0.142
	

	Fever (temperature ≥37·3°C)
	44(56)
	23(48)
	21(70)
	0.056
	

	Cough, N (%)
	38(49)
	21(44)
	17(57)
	0.267
	

	Sputum, N (%)
	
	4(5)
	3(6)
	1(3)
	0.968
	

	Dyspnea, N (%)
	
	20(26)
	7(15)
	13(43)
	0.005
	

	Myalgia, N (%)
	
	4(5)
	2(4)
	2(7)
	1.000 
	

	Fatigue, N (%)
	
	26(33)
	13(27)
	13(43)
	0.139
	

	Diarrhea
	
	1(1)
	1(2)
	0
	1.000 
	

	Nausea or vomiting
	
	0
	0
	0
	
	

	Complete blood cell count
	
	

	White cell count, (*10~9/L)
	6.80(5.85-8.30)
	5.72(5.26-6.17)
	8.53(5.48-11.59)
	0.021
	

	Neutrophil count, (*10~9/L)
	4.78(3.73-5.97)
	3.40(2.99-3.80)
	7.00(4.02-9.97)
	0.000 
	

	Lymphocyte count, (*10~9/L)
	1.37(1.23-1.51)
	1.64(1.50-1.79)
	0.92(0.71-1.13)
	0.000 
	

	Hemoglobin, (g/L)
	　
	123.81(120.18-128.3)
	130.27(125.63-134.91)
	113.64(106.15-120.79)
	0.000 
	

	Hematokrit (%)
	　
	36.66(35.65-37.74)
	38.54(37.29-39.78)
	33.66(31.69-36.64)
	0.000 
	

	Platelets count, (*10~9/L)
	235.19(218.02-256.12)
	232.21(212.42-251.99)
	239.97(202.16-277.78)
	0.491
	

	Inflammatory markers
	
	

	C reactive protein (mg/L)/L)
	　
	19.82(13.00-29.95)
	2.37(1.34-3.39)
	47.77(31.23-64.30)
	0.000 
	

	Liver function
	
	

	Albumin (g/L)
	　
	36.29(35.01-37.60)
	38.92(38.04-39.80)
	32.08(30.04-34.12)
	0.000 
	

	ALP (U/L)
	　
	78.88(71.18-84.68)
	75.34(68.20-82.47)
	84.55(73.32-95.79)
	0.076
	

	TBIL (umol/L)
	　
	11.77(9.67-15.15)
	10.03(8.86-11.19)
	14.57(6.71-22.44)
	0.212
	

	Renal function
	
	

	BUN (mmol/L)
	　
	5.46(4.59-6.57)
	4.44(4.10-4.77)
	7.09(4.59-9.60)
	0.063
	

	Creatinine (umol/L)
	　
	76.98(64.32-97.33)
	65.72(61.88-69.57)
	95.00(40.87-149.13)
	0.572
	

	Biochemical indexes
	

	Glucose (mmol/L)
	　
	5.74(5.32-6.33)
	5.39(4.84-5.94)
	6.29(5.53-7.05)
	0.002
	

	Calcium (mmol/L)
	　
	2.20(2.10-2.36)
	2.17(2.14-2.19)
	2.24(1.88-2.62)
	0.002
	

	Myocardial enzyme
	
	

	LDH (IU/L)
	　
	　
	202.67(1190.60-219.26)
	168.01(150.95-185.07)
	258.13(228.14-288.12)
	0.000 
	

	α-HBDH (U/L)
	　
	167.50(151.48-185.78)
	139.42(123.91-154.93)
	212.43(186.71-238.15)
	0.000 
	

	Coagulogram
	
	

	D-Dimer (mg/L)
	　
	1.29(0.82-1.88)
	0.34(0.27-0.41)
	2.81(1.63-4.00)
	0.000 
	

	
	
	
	
	

	
	
	
	
	
	
	
	
	


P values were calculated by t test, Mann-Whitney U test, χ2 test, or Fisher’s exact test, as appropriate. The illness severity of COVID-19 was defined according to the World Health Organization interim guidance. Abbreviations: ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamyl transpeptidase, ALP: alkaline phosphatase, TBIL: total bilirubin, BUN: blood urea nitrogen, LDH: lactic dehydrogenase, α-HBDH: alpha-hydroxybutyric dehydrogenase, PT: Prothrombin time, APTT: Activated partial thromboplastin time, INR: International normalized ratio.


Supplementary table 3: Demographics and clinical characteristics of COVID-19 patients in testing set 2.
	Demographics and clinical characteristics
	All Patients (n=108)
	Nonsevere (n=68)
	Severe (n=40)
	P value
	

	Median age, years, (IQR)
	55.97(52.99-58.8)
	52.1(48.15-56.0)
	62.55(58.06-67.0)
	0.001
	

	Male sex, N (%)  
	58(54)
	37(54)
	21(53)
	0.847
	

	Onset time days, (IQR)
	20.81(18.51-23.06)
	21.60(18.80-24.40)
	19.48(15.91-23.04)
	0.285
	

	Comorbidity, N (%) 
	
	58(54)
	29(43)
	29(73)
	0.003
	

	Hypertension, N (%)
	29(27)
	17(25)
	12(30)
	0.571
	

	Diabetes, N (%)
	23(21)
	14(21)
	9(23)
	0.815
	

	Coronary heart disease, N (%)
	3(3)
	3(4)
	0
	0.294
	

	Chronic obstructive lung disease, N (%)
	3(3)
	1(1)
	2(5)
	0.637
	

	Carcinoma, N (%)
	0
	0
	0
	-
	

	Chronic kidney disease, N (%) 
	0
	0
	0
	-
	

	Other, N (%)
	13(12)
	9(13)
	4(10)
	0.847
	

	Two or more, N (%)
	
	26(24)
	12(8)
	13(33)             
	0.077
	

	Initial symptom
	
	
	
	
	

	None, N (%)
	
	4(4)
	3(4)
	1(3)
	0.601
	

	Fever (temperature ≥37·3°C)
	75(69)
	51(75)
	24(60)
	0.102
	

	Cough, N (%)
	69(64)
	45(66)
	24(60)
	0.519
	

	Sputum, N (%)
	
	10(9)
	8(12)
	2(5)
	0.408
	

	Dyspnea, N (%)
	
	32(30)
	13(19)
	19(48)
	0.002
	

	Myalgia, N (%)
	
	4(4)
	1(1)
	3(8)
	0.283
	

	Fatigue, N (%)
	
	36(33)
	8(21)
	28(70)
	0
	

	Diarrhea
	
	2(2)
	2(3)
	0
	0.529
	

	Nausea or vomiting
	
	4(4)
	1(1)
	3(8)
	0.283
	

	Complete blood cell count
	

	White cell count, (*10~9/L)
	5.88(5.60-6.20)
	5.64(5.29-5.99)
	6.29(5.67-6.92)
	0.073
	

	Neutrophil count, (*10~9/L)
	3.78(3.49-4.07)
	3.40(3.12-3.69)
	4.41(3.83-4.99)
	0.005
	

	Lymphocyte count, (*10~9/L)
	1.50(1.38-1.62)
	1.68(1.52-1.83)
	1.20(1.05-1.36)
	0.000 
	

	Hemoglobin, (g/L)
	　
	123.68(120.49-125.94)
	126.90(123.40-130.40)
	118.20(112.84-123.56）
	0.010 
	

	Hematokrit (%)
	　
	36.70(35.87-37.60)
	37.57(36.60-38.53)
	35.23(33.77-36.70)
	0.012 
	

	Platelets count, (*10~9/L)
	227.46(214.60-242.88)
	222.35(206.01-238.69)
	236.15(207.64-264.66）
	0.677 
	

	Inflammatory markers
	

	C-reactive protein(mg/L)
	12.68(6.59-18.93)
	2.83(1.36-4.30)
	29.43(14.91-43.95)
	0.000 
	

	Liver function
	

	Albumin (g/L)
	　
	36.63(35.94-37.64)
	37.89(37.07-38.72)
	34.49(33.14-35.83)
	0.000 
	

	ALT, (IU/L
	)
	　
	32.21(26.63-37.79)
	30.57(24.89-36.24)
	35.16(22.99-47.33)
	0.677
	

	AST, (IU/L)
	
	　
	23.88(21.01-26.76)
	22.13(18.74-25.52)
	27.02(21.70-32.35)
	0.034
	

	GGT, (IU/L)
	
	　
	42.25(34.11-50.39)
	38.75(32.51-44.99)
	48.52(28.23-68.80)
	0.587
	

	ALP, (U/L)
	　
	71.07(67.14-74.93)
	69.41(65.09-73.74)
	73.88(63.96-83.79)
	0.982
	

	TBIL, (umol/L)
	　
	10.26(9.53-11.03)
	10.17(9.21-11.14)
	10.41(9.06-11.75)
	0.964 
	

	DBIL, (umol/L)
	　
	3.71(3.35-4.06)
	3.53(3.19-3.87)
	4.16(3.22-5.10)
	0.397
	

	IBIL, (umol/L)
	　
	6.51(5.96-7.06)
	6.69(6.03-7.36)
	6.05(5.02-7.09)
	0.245
	

	Renal function
	

	BUN (mmol/L)
	　
	4.99(4.16-6.55)
	5.24(3.17-7.29)
	4.59(4.04-5.12)
	0.539 
	

	Creatinine (umol/L)
	　
	65.35(62.77-68.69)
	64.60(61.60-67.60)
	66.63(61.12-72.13)
	0.846 
	

	Biochemical indexes
	

	Glucose (mmol/L)
	　
	5.95(5.52-6.55)
	5.86(5.15-6.57)
	6.11(5.36-6.86)
	0.040 
	

	Calcium (mmol/L)
	　
	2.13(2.11-2.15)
	2.15(2.12-2.15)
	2.11(2.07-2.15)
	0.102 
	

	Myocardial enzyme
	

	LDH(IU/L)
	　
	　
	191.73(177.72-209.59)
	169.80(159.69-179.92)
	229.02(198.25-259.79）
	0.000 
	

	Creatine kinase, (IU/L)
	56.13(47.33-64.93)
	58.88(47.07-66.69)
	54.83(37.13-72.52)
	0.203
	

	Creatine phosphokinase-Mb, (IU/L)
	12.43(8.49-16.36)
	10.99(5.97-16.02)
	14.91(8.38-21.45)
	0.053
	

	α-HBDH, (U/L)
	　
	161.80(150.47-175.75)
	142.20(134.35-150.04)
	195.12(165.89-224.36）
	0.000 
	

	Coagulogram
	　
	　
	　
	　
	　
	

	PT, (s)
	　
	13.24(12.91-13.57)
	13.04(12.64-13.44)
	13.61(13.02-14.20)
	0.048
	

	APTT, (s)
	　
	28.39(27.69-29.09)
	28.67(27.75-29.59)
	27.85(26.79-28.92)
	0.503
	

	INR
	　
	　
	1.09(1.07-1.12)
	1.09(1.05-1.12)
	1.10(1.06-1.14)
	0.444
	

	D-Dimer, (mg/L)
	　
	1.08(0.58-1.91)
	0.46(0.34-0.59)
	2.13(0.11-4.14)
	0.000 
	

	
	
	
	
	
	
	
	


P values were calculated by t-test, Mann-Whitney U test, χ2 test, or Fisher’s exact test, as appropriate. The illness severity of COVID-19 was defined according to the World Health Organization interim guidance. Abbreviations: ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamyl transpeptidase, ALP: alkaline phosphatase, TBIL: total bilirubin, BUN: blood urea nitrogen, LDH: lactic dehydrogenase, α-HBDH: alpha-hydroxybutyric dehydrogenase, PT: Prothrombin time, APTT: Activated partial thromboplastin time, INR: International normalized ratio.


　　 Supplementary table 4. The input features for feature selection by using K-fold cross validation
	Variables

	Clinical characteristics

	age
	comorbidity
	respiratory rate

	[bookmark: RANGE!A4]pulse rate
	
	

	Laboratory findings

	Complete blood cell count

	white blood cell (WBC)
	neutrophil count (NEUT)
	hematocrit (HCT)

	platelet count (PLT)
	lymphocyte absolute value (LYMPH)
	hemoglobin (HGB)

	Inflammatory markers
	
	

	C-reactive protein (CRP)
	
	

	Liver function
	
	

	alkaline phosphatase (ALP)
	total bilirubin (TBil)
	albumin(Alb)

	Renal function

	blood urea nitrogen (BUN)
	creatinine (Cr)
	

	Biochemical indexes
	
	

	blood glucose (Glu)
	Calcium ion (Ca2+)
	

	Myocardial enzyme
	
	

	    lactate dehydrogenase (LDH)
	alpha-hydroxybutyric dehydrogenase 
(α-HBDH)
	

	Coagulation function
	
	

	d-dimer
	　
	　


	
	





Supplementary table 5. The AUC values obtained by each feature in the optimal feature subset of each model.
	　 No.
	Features
	LR
	KNN
	NB
	SVM

	1
	Age (year)
	0.7852
	0.7416
	*
	0.7843

	2
	Comorbidity
	*
	0.568
	0.6424
	*

	
	
	
	
	
	

	
	
	
	
	
	

	3
	RR (times/min)
	0.6549
	0.6251
	0.6269
	0.6765

	4
	PR (times/min)
	0.6673
	0.625
	0.6622
	0.6655

	5
	white cell count (*10~9/L)
	0.7639
	0.7433
	0.7337
	0.7631

	6
	 neutrophil count (*10~9/L)
	*
	0.768
	*
	*

	7
	lymphocyte count (*10~9/L)
	*
	0.7732
	*
	*

	8
	hemoglobin (g/L)
	0.6381
	*
	0.6183
	*

	9
	Hematokrit (%)
	0.614
	*
	*
	*

	10
	Platelets (*10~9/L)
	0.6952
	*
	*
	*

	11
	c reactive protein (mg/L)
	0.7943
	0.7879
	0.7756
	0.8029

	12
	Albumin (g/L)
	*
	0.7569
	0.7966
	0.7977

	13
	ALP (U/L)
	*
	*
	*
	*

	14
	TBIL (umol/L)
	*
	0.7517
	0.7072
	*

	15
	BUN (mmol/L)
	*
	*
	*
	*

	16
	Creatinine (umol/L)
	*
	*
	0.5678
	*

	17
	Glucose (mmol/L)
	*
	*
	*
	*

	18
	calcium (mmol/L)
	*
	*
	*
	*

	19
	LDH (IU/L)
	*
	*
	*
	0.8311

	20
	α-HBDH (U/L)
	*
	*
	0.7759
	*

	21
	d-dimer (mg/L)
	0.8368
	0.8343
	0.8169
	0.8322


[bookmark: OLE_LINK1]Comorbidity including hypertension, diabetes, coronary heart disease, chronic obstructive lung disease, carcinoma, chronic kidney disease, other diseases and two or more diseases. Abbreviations: RR: respiratory rate, PR: pulse rate, ALP: alkaline phosphatase, TBIL: total bilirubin, BUN: blood urea nitrogen, LDH: lactic dehydrogenase, α-HBDH: alpha-hydroxybutyric dehydrogenase. * not be included in optimal feature subset.
Supplementary table 6. Comparison of the predictive performance of each model in testing set 1
	Variable
	LR (95%CI)
	KNN (95%CI)
	NB (95%CI)
	SVM (95%CI)
	P value

	SEN
	90.00% (73.5-97.9%)
	80.00% (64.8-95.2%)
	86.70% (73.8-99.6%)
	90% (73.5-97.9%)
	0.649

	SPE
	81.25% (67.4-91.1%)
	91.70% (83.6-99.8%)
	91.70% (83.6-99.8%)
	91.70% (83.6-99.8%)
	0.305

	FPR
	18.75% (8.9-32.6%)
	8.30% (0.2-16.4%)
	8.30% (0.2-16.4%)
	8.30% (0.2-16.4%)
	0.305

	FNR
	10.00% (2.1-26.5%)
	20.00% (4.8-35.2%)
	13.30% (0.4-27.3%)
	10% (2.1-26.5%)
	0.649

	PPV
	75% (60.9-89.1%)
	85.70% (71.9-99.5%)
	86.70% (73.8-99.6%)
	87.10% (74.6-99.6%)
	0.509

	NPV
	92.90% (80.5-98.5%)
	88.00% (78.7-97.3%)
	91.70% (83.6-99.8%)
	93.60% (86.4-100%)
	0.776

	Accuracy
	84.6% (76.4-92.8%)
	87.2% (78.6-94.8%)
	89.7% (82.9-96.6%)
	91% (84.5-97.5%)
	0.594

	F1 score
	0.818
	0.828
	0.867
	0.885
	/

	AUC
	0.906 (0.832-0.980)
	0.914 (0.841-0.987)
	0.918 (0.848-0.988)
	0.959 (0.920-0.999)
	/

	
	
	
	
	
	
	
	
	
	



None of the pairwise comparisons in each row have statistical differences; P value denoted the overall statistical result for the four models


[bookmark: _Hlk38266174][bookmark: _Hlk38266215]Supplementary table 7. Comparison of the predictive performance of each model in testing set 2.
	Variable
	LR (95%CI)
	KNN (95%CI)
	NB(95%CI)
	SVM(95%CI)
	P value

	SEN
	60% (44.1-75.9%)
	75% (61-89%)
	72.5% (56.1-85.4%)
	72.5% (56.1-85.4%)
	0.454

	SPE
	89.7% (82.3-97.1%)a
	76.5% (66.1-86.8%)b
	82.4% (71.2-90.5%)
	77.9% (66.2-87.1%)
	0.187

	FPR
	10.3% (2.9-17.7%)a
	23.5% (13.2-33.9%)b
	17.6% (9.5-28.8%)
	22.1% (12.9-33.8%)
	0.187

	FNR
	40% (24.1-55.9%)
	25% (11-39%)
	27.5% (14.6-43.9%)
	27.5% (14.6-43.9%)
	0.454

	PPV
	77.4% (61.8-93%)
	65.2% (50.9-79.5%)
	70.7% (56.1-84.3%)
	65.9% (51.8-81.1%)
	0.661

	NPV
	79.2% (70-88.5%)
	83.9% (74.5-93.3%)
	83.6% (71.2-91.3%)
	82.8% (70-90.2%)
	0.876

	Accuracy
	78.7% (70.9-86.5%)
	75.9% (67.7-84.1%)
	78.7% (70.9-86.5%)
	75.9% (67.7-84.1%)
	0.708

	F1 score
	0.676
	0.698
	0.716
	0.691
	/

	AUC
	0.814 (0.728-0.901)
	0.806 (0.717-0.894)
	0.826 (0.741-0.912)
	0.814 (0.728-0.900)
	/


aCompared with KNN, p<0.05; bCompared with LR, p<0.05; P value denoted the overall statistical result for the four models


[bookmark: _Hlk38266264][bookmark: _Hlk38266284]Supplementary table 8. Comparison of the predictive performance of different models in mixed test set.
	Variable
	LR (95%CI)
	KNN (95%CI)
	NB(95%CI)
	SVM(95%CI)
	P value

	SEN
	80% (68.5-91.5%)
	66% (52.4-79.6%)a,c
	84% (73.5-94.5%)b
	84% (73.5-94.5%)b
	0.09

	SPE
	84.1% (76.1-92.2%)b
	93.9% (88.6-99.2%)d
	90.2% (83.7-96.8%)
	89% (82.1-95.9%)
	0.242

	FPR
	15.9% (7.8-23.9%)b
	6.1% (0.8-11.4%)d
	9.8% (3.2-16.3%)
	11% (4.1-17.9%)
	0.242

	FNR
	20% (9.5-31.5%)
	34% (20.4-47.6%)a,c
	16% (5.5-26.5%)b
	16% (5.5-26.5%)b
	0.09

	PPV
	69.8% (55.5-84.1%)
	86.8% (75.6-98.1%)
	84% (73.5-94.5%)
	82.4% (71.5-93.2%)
	0.523

	NPV
	87.3% (79.8-94.8%)
	81.9% (74-89.8%)
	90.2% (83.7-96.8%)
	90.1% (83.5-96.8%)
	0.069

	Accuracy
	82.6% (76-89.1%)
	83.3% (76.9-89.8%)
	87.9% (82.2-93.5%)
	87.1% (81.3-92.9%)
	0.527

	F1 score
	0.777
	0.750
	0.840
	0.832
	/

	AUC
	0.884 (0.823-0.946)
	0.856 (0.786-0.926)
	0.910 (0.853-967)
	0.925 (0.882-0.969)
	/

	aCompared with NB, p<0.05; bCompared with KNN, p<0.05; cCompared with SVM, P<0.05; dCompared with LR, p<0.05

	P value denoted the overall statistical result for the four models
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Supplementary figure 1. The first page of the software. The first page of the software. The first page provided the function of training and validation by using K-fold cross validation to select the optimal feature subset and parameters. 
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Supplementary figure 2. The second page of the software. The second page of the software. Once the optimal feature subset is determined for a specific machine learning, the predictive model can be trained in training and validation set and saved in a designated location. One model that has been trained can be easily selected, and predictive performance can be evaluated in test sets.
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Supplementary figure 3. The third page of the software. The third page of the software. Once the validity of the trained model was confirmed by the second page, a prediction probability would come out for an upcoming patient on the third page.
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