Table S1 The diagnostic efficiency for women with high-grade cervical lesions
	Items
	Sensitivity
% (95% CI)
	Specificity
% (95% CI)
	PPV
% (95% CI)
	NPV
% (95% CI)
	AUC
(95% CI)

	CIN2+ lesions

	CISCER
	76.1 (66.1-86)
	89.1 (84.7-93.5)
	72 (61.8-82.2)
	91.0 (86.9-95.1)
	0.826 (0.754-0.897)

	PAX1m
	66.2 (55.2-77.2)
	89.6 (85.3-93.9)
	70.1 (59.2-81.1)
	87.8 (83.2-92.4)
	0.779 (0.703-0.856)

	JAM3m
	57.7 (46.3-69.2)
	94.8 (91.7-97.9)
	80.4 (69.5-91.3)
	85.9 (81.2-90.6)
	0.763 (0.69-0.836)

	LBC (≥ASC-US)
	69.0 (58.3-79.8)
	52.3 (45.3-59.4)
	34.8 (26.9-42.6)
	82.1 (75.3-88.9)
	0.607 (0.518-0.696)

	LBC (≥LSIL)
	50.7 (39.1-62.3)
	77.2 (71.3-83.1)
	45 (34.1-55.9)
	81.0 (75.3-86.6)
	0.64 (0.552-0.727)

	LBC (≥HISL)
	26.8 (16.5-37.1)
	97.4 (95.2-99.7)
	79.2 (62.9-95.4)
	78.3 (73.1-83.5)
	0.621 (0.558-0.684)

	hrHPV+
	93.0 (87-98.9)
	7.3 (3.6-10.9)
	26.9 (21.4-32.5)
	73.7 (53.9-93.5)
	0.501 (0.453-0.549)

	HPV16/18+
	50.7(39.1-62.3]
	66.3 (59.7-73)
	35.6 (26.3-45)
	78.5 (72.2-84.8)
	0.585 (0.494-0.677)

	CISCER or hrHPV
	97.2 (90.2-99.7)
	6.2 (3.3-10.6)
	27.6 (22.2-33.6)
	85.7 (57.2-98.2)
	0.517 (0.491-0.543)

	CISCER and hrHPV
	71.8	(59.9–81.9)
	90.2(85.1-94)
	72.9	(60.9-82.8)
	89.7	(84.5-93.6)
	0.810 (0.753-0.867)

	CIN3+ lesions

	CISCER
	87.8 (77.8-97.8)
	82.5 (77.5-87.5)
	48.0 (36.7-59.3)
	97.4 (95.1-99.6)
	0.852 (0.777-0.927)

	PAX1m
	75.6 (62.5-88.8)
	83.9 (79.0-88.7)
	46.3 (34.3-58.2)
	94.9 (91.9-98)
	0.797 (0.707-0.887)

	JAM3m
	68.3 (54.0-82.5)
	89.7 (85.7-93.7)
	54.9 (41.2-68.6)
	93.9 (90.7-97.1)
	0.79 (0.699-0.881)

	LBC (>ASC-US)
	73.2 (59.6-86.7)
	50.2 (43.7-56.8)
	21.3 (14.5-28.0)
	91.1 (86.0-96.1)
	0.617 (0.516-0.718)

	LBC (>LSIL)
	58.5 (43.5-73.6)
	74.9 (69.2-80.6)
	30.0 (20.0-40.0)
	90.8 (86.6-94.9)
	0.667 (0.563-0.771)

	LBC (≥HISL)
	34.1 (19.6-48.7)
	95.5 (92.8-98.2)
	58.3 (38.6-78.1)
	88.7 (84.8-92.7)
	0.648 (0.562-0.734)

	hrHPV+
	95.1 (88.5-100.0)
	7.6 (4.1-11.1)
	15.9 (11.3-20.5)
	89.5 (75.7-103.3)
	0.514 (0.463-0.564)

	HPV16/18+
	53.7 (38.4-68.9)
	64.6 (58.3-70.9)
	21.8 (13.7-29.8)
	88.3 (83.4-93.3)
	0.591 (0.483-0.699)

	CISCER or hrHPV
	100.0 (91.4–100.0)
	6.3% (3.5-10.3)
	16.4 (12.0-21.6)
	100.0 (76.8-100.0)
	0.531 (0.515-0.547)

	CISCER and hrHPV
	82.9 (67.9-92.8)
	83.9 (78.4-88.4)
	48.6 (36.4-60.8)
	96.4 (92.7-98.5)
	0.834 (0.771-0.897)


Combined (CISCER and hrHPV) vs CISCER alone (CIN2+): DeLong test Z = 0.375, p = 0.707 
Combined (CISCER and hrHPV) vs CISCER alone (CIN3+): DeLong test Z = 1.143, p = 0.253 
hrHPV genotypes: HPV16/18/31/33/35/39/45/51/52/56/58/59/66/68; CISCER positive criteria: either ΔCtPAX1 ≤6.6 or ΔCtJAM3 ≤10.0; CISCER negative criteria: ΔCtPAX1 >6.6 and ΔCtJAM3>10.0; CIN2+: CIN2, CIN3, in situ carcinoma, and cancer; CIN3+: CIN3, in situ carcinoma, and cancer.
.Abbreviations: PPV: positive predictive value; NPV: negative predictive value; CI: confidence interval, AUC: area under curve; CIN: cervical intraepithelial neoplasia; PAX1m: PAX1 methylation; JAM3m: JAM3 methylation; LBC: liquid-based cytology; ASC-US: atypical squamous cells of undetermined significance; LSIL: low-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; HPV: human papillomavirus; hrHPV: high-risk HPV; HPV16/18: HPV16 or HPV 18 genotypes.


Table S2 Results of routine leucorrhea and vaginal microecology in 172 women
	Characteristics
	Unit
	Normal [N(%)]
N = 62
	CIN1 [N(%)]
N = 55
	CIN2[N(%)]
N = 23
	CIN3+[N(%)]
N = 32
	P value

	Vaginal cleanliness
	Ⅱ
	44 (71%)
	54 (98%)
	18 (78%)
	23 (72%)
	<0.001

	
	Ⅲ
	18 (29%)
	1 (1.8%)
	5 (22%)
	9 (28%)
	

	Clue cells
	+
	5 (8.1%)
	1 (1.8%)
	2 (8.7%)
	2 (6.3%)
	0.4

	Candida
	+
	0 (0%)
	1 (1.8%)
	0 (0%)
	2 (6.3%)
	0.13

	Lactobacillus
	－
	7 (11%)
	7 (13%)
	3 (13%)
	13 (41%)
	<0.001

	
	+
	4 (6.5%)
	1 (1.8%)
	1 (4.3%)
	3 (9.4%)
	

	
	++
	4 (6.5%)
	7 (13%)
	1 (4.3%)
	7 (22%)
	

	
	+++
	47 (76%)
	40 (73%)
	18 (78%)
	9 (28%)
	

	Actinomycetes
	+
	1 (1.6%)
	1 (1.8%)
	0 (0%)
	1 (3.1%)
	>0.9

	Enterobacterium
	+
	0 (0%)
	1 (1.8%)
	0 (0%)
	0 (0%)
	0.6

	Gardnerella
	－
	60 (97%)
	51 (93%)
	20 (87%)
	21 (66%)
	<0.001

	
	++
	1 (1.6%)
	0 (0%)
	0 (0%)
	2 (6.3%)
	

	
	+++
	1 (1.6%)
	3 (5.5%)
	3 (13%)
	7 (22%)
	

	
	++++
	0 (0%)
	1 (1.8%)
	0 (0%)
	2 (6.3%)
	

	Streptococcus
	+
	1 (1.6%)
	2 (3.6%)
	0 (0%)
	1 (3.1%)
	>0.9

	Other Gram-positive cocci
	－
	56 (90%)
	46 (84%)
	23 (100%)
	29 (91%)
	0.4

	
	+
	3 (4.8%)
	4 (7.3%)
	0 (0%)
	0 (0%)
	

	
	+++
	3 (4.8%)
	5 (9.1%)
	0 (0%)
	3 (9.4%)
	

	Microbiota density
	Ⅰ
	4 (6.5%)
	1 (1.8%)
	1 (4.3%)
	10 (31%)
	0.003

	
	Ⅱ
	39 (63%)
	32 (58%)
	14 (61%)
	12 (38%)
	

	
	Ⅲ
	19 (31%)
	22 (40%)
	8 (35%)
	10 (31%)
	

	Microbiota diversity
	Ⅰ
	4 (6.5%)
	1 (1.8%)
	1 (4.3%)
	10 (31%)
	<0.001

	
	Ⅱ
	58 (94%)
	54 (98%)
	22 (96%)
	22 (69%)
	

	Nugent score
	1-3
	55 (88.8%)
	47 (85%)
	18 (78%)
	11 (34.8%)
	<0.001

	
	4-6
	7 (11.3%)
	6 (10.9%)
	4 (17.4%)
	19 (59.3%)
	

	
	7+
	0 (0%)
	2 (3.6%)
	1 (4.3%)
	2 (6.3%)
	

	AV 
	0
	47 (76%)
	35 (64%)
	17 (74%)
	13 (41%)
	0.12

	
	1
	4 (6.5%)
	9 (16%)
	3 (13%)
	5 (16%)
	

	
	2
	6 (9.7%)
	3 (5.5%)
	2 (8.7%)
	6 (19%)
	

	
	3
	4 (6.5%)
	5 (9.1%)
	1 (4.3%)
	5 (16%)
	

	
	4
	1 (1.6%)
	3 (5.5%)
	0 (0%)
	3 (9.4%)
	

	Polyamine
	+
	2 (3.2%)
	4 (7.3%)
	2 (8.7%)
	7 (22%)
	0.028

	Sialidase
	+
	3 (4.8%)
	4 (7.3%)
	4 (17%)
	10 (31%)
	0.002

	Leukocyte esterase
	+
	5 (8.1%)
	2 (3.6%)
	1 (4.3%)
	2 (6.3%)
	0.8


Abbreviations: N: number; AV: aerobic vaginitis.



Table S3 The scoring method for heatmap
	Variables
	Value assigned

	Pathology
	“Normal”=0, “CIN1”=1, “CIN2”=2, “CIN3+”=3

	TZ
	“II”=0, “III”=1

	hrHPV
	“HPV16/18+”=2, “Non-16/18 hrHPV+”=1, “Negative”=0

	LBC
	“NILM”=0, “ASC-US”=1, “LSIL=2”, “ASC-H”=3, “HSIL=4”, “Cancer”=5

	Vaginal cleanliness
	“II”=0, “III”=1

	Leukocyte
	“0-5/HP”=0, “5-15/HP”=1

	Lactobacillus
	“-”=0, “+”=1, “++”=2, “+++”=3

	Gardnerella
	“-”=0, “++”=1, “+++”=2, “++++”=3,

	Microbiota density
	“I”=0, “II”=1, ”III”=2

	Microbiota diversity
	“II”=0, “I”=1

	Dominant bacteria
	“Lactobacillus”=0，“Negative/Gardnerella/Cocci”=1

	Polyamine
	“-”=0, “+”=1

	Sialidase
	“-”=0, “+”=1

	Leukocyte esterase
	“-”=0, “+”=1

	H2O2
	“-”=0, “+”=1


hrHPV genotypes: HPV16/18/31/33/35/39/45/51/52/56/58/59/66/68; CISCER positive criteria: either ΔCtPAX1 ≤6.6 or ΔCtJAM3 ≤10.0; CISCER negative criteria: ΔCtPAX1 >6.6 and ΔCtJAM3>10.0; CIN2+: CIN2, CIN3, in situ carcinoma, and cancer; CIN3+: CIN3, in situ carcinoma, and cancer.
.Abbreviations: TZ: transformation zone; HPV: human papillomavirus; hrHPV: high-risk HPV; LBC: liquid-based cytology.


Table S4 Clinical characteristics of the 172 participants who underwent vaginal microecological evaluation
	Variable
	Overall
N = 172
	CIN1-
N = 117
	CIN2+
N = 55
	P value

	Age
	
	
	
	>0.9

	Median [Q1,Q3]
	42.5 [34.0, 54.0]
	42.0 [33.0, 54.0]
	43.0 [36.0, 53.0]
	

	TZ
	
	
	
	>0.9

	Ⅰ
	27 (16%)
	18 (15%)
	9 (16%)
	

	Ⅱ
	23 (13%)
	16 (14%)
	7 (13%)
	

	Ⅲ
	122 (71%)
	83 (71%)
	39 (71%)
	

	Pathology
	
	
	
	<0.001

	Normal
	62 (36%)
	62 (53%)
	0 (0%)
	

	CIN1
	55 (32%)
	55 (47%)
	0 (0%)
	

	CIN2
	23 (13%)
	0 (0%)
	23 (42%)
	

	CIN3
	26 (15%)
	0 (0%)
	26 (47%)
	

	SCC
	5 (2.9%)
	0 (0%)
	5 (9.1%)
	

	AD
	1 (0.6%)
	0 (0%)
	1 (1.8%)
	

	hrHPV
	
	
	
	0.12

	Negative
	10 (5.8%)
	7 (6.0%)
	3 (5.5%)
	

	HPV 16/18
	78 (45%)
	47 (40%)
	31 (56%)
	

	Non-16/18 hrHPV
	84 (49%)
	63 (54%)
	21 (38%)
	

	LBC
	
	
	
	<0.001

	NILM
	84 (49%)
	65 (56%)
	19 (35%)
	

	ASC-US
	39 (23%)
	30 (26%)
	9 (16%)
	

	AGC
	0 (0%)
	0 (0%)
	0 (0%)
	

	LSIL
	21 (12%)
	14 (12%)
	7 (13%)
	

	ASC-H
	10 (5.8%)
	5 (4.3%)
	5 (9.1%)
	

	HSIL
	17 (9.9%)
	2 (1.7%)
	15 (27%)
	

	AD
	1 (0.6%)
	1 (0.9%)
	0 (0%)
	

	ΔCtPAX1
	
	
	
	<0.001

	Median [Q1,Q3]
	8.7 [5.9, 11.3]
	9.9 [7.9, 13.0]
	4.1 [1.3, 7.9]
	

	ΔCtJAM3
	
	
	
	<0.001

	Median [Q1,Q3]
	12.7 [10.4, 14.2]
	13.5 [12.2, 14.6]
	8.7 [3.9, 11.8]
	

	PAX1
	
	
	
	<0.001

	Negative
	126 (73%)
	109 (93%)
	17 (31%)
	

	Positive
	46 (27%)
	8 (6.8%)
	38 (69%)
	

	JAM3
	
	
	
	<0.001

	Negative
	133 (77%)
	112 (96%)
	21 (38%)
	

	Positive
	39 (23%)
	5 (4.3%)
	34 (62%)
	

	CISCER
	
	
	
	<0.001

	Negative
	120 (70%)
	108 (92%)
	12 (22%)
	

	Positive
	52 (30%)
	9 (7.7%)
	43 (78%)
	


Non-16/18 hrHPV genotypes: HPV31/33/35/39/45/51/52/56/58/59/66/68; CISCER either positive criteria: ΔCtPAX1 ≤6.6 or ΔCtJAM3 ≤10.0; CISCER negative criteria: ΔCtPAX1 >6.6 and ΔCtJAM3>10.0; CIN1-: normal and CIN1; CIN2+: CIN2, CIN3, in-situ carcinoma, and cancer.
Abbreviations: TZ: transformation zone; CIN: cervical intraepithelial neoplasia; SCC: squamous cell carcinoma; AD: adenocarcinoma; LBC: liquid-based cytology; NILM: negative for intraepithelial lesion or malignancy; ASC-US: atypical squamous cells of undetermined significance; AGC: atypical glandular cells; LSIL: low-grade squamous intraepithelial lesion; ASC-H: atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; HPV: human papillomavirus; hrHPV: high-risk HPV.


Table S5. Normal Group Characteristics Stratified by hrHPV Status
	Characteristic
	Negative  
N = 6
	HPV 16/18  
N = 32
	Non-16/18 hrHPV  
N = 46
	P value

	Age (years)
	
	
	
	0.7

	Median [Q1,Q3]
	55.5 (48.0, 67.0)
	53.0 (43.6, 59.7)
	54.0 (44.5, 59.0)
	

	Transformation Zone
	
	
	
	0.7

	Ⅰ
	0 (0%)
	1 (3.1%)
	1 (2.2%)
	

	Ⅱ
	0 (0%)
	1 (3.1%)
	5 (11%)
	

	Ⅲ
	6 (100%)
	30 (94%)
	40 (87%)
	

	Liquid-Based Cytology
	
	
	
	0.031

	NILM
	4 (67%)
	22 (69%)
	30 (65%)
	

	ASC-US
	1 (17%)
	5 (16%)
	11 (24%)
	

	AGC
	0 (0%)
	0 (0%)
	0 (0%)
	

	LSIL
	0 (0%)
	0 (0%)
	5 (11%)
	

	ASC-H
	0 (0%)
	4 (13%)
	0 (0%)
	

	HSIL
	1 (17%)
	1 (3.1%)
	0 (0%)
	

	AD
	0 (0%)
	0 (0%)
	0 (0%)
	

	ΔCt PAX1
	12.2 (9.0, 17.7)
	10.2 (8.6, 11.4)
	9.5 (8.2, 12.7)
	0.6

	ΔCt JAM3
	13.6 (11.6, 14.8)
	14.3 (12.8, 15.3)
	13.4 (11.9, 14.2)
	0.094

	PAX1 Methylation
	
	
	
	0.3

	Negative
	5 (83%)
	31 (97%)
	43 (93%)
	

	Positive
	1 (17%)
	1 (3.1%)
	3 (6.5%)
	

	JAM3 Methylation
	
	
	
	0.7

	Negative
	6 (100%)
	31 (97%)
	43 (93%)
	

	Positive
	0 (0%)
	1 (3.1%)
	3 (6.5%)
	

	CISCER Assay
	
	
	
	0.3

	Negative
	5 (83%)
	31 (97%)
	42 (91%)
	

	Positive
	1 (17%)
	1 (3.1%)
	4 (8.7%)
	



Non-16/18 hrHPV genotypes: HPV31/33/35/39/45/51/52/56/58/59/66/68; CISCER either positive criteria: ΔCtPAX1 ≤6.6 or ΔCtJAM3 ≤10.0; CISCER negative criteria: ΔCtPAX1 >6.6 and ΔCtJAM3>10.0; LBC: liquid-based cytology; NILM: negative for intraepithelial lesion or malignancy; ASC-US: atypical squamous cells of undetermined significance; AGC: atypical glandular cells; LSIL: low-grade squamous intraepithelial lesion; ASC-H: atypical squamous cells cannot exclude high-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion; HPV: human papillomavirus; hrHPV: high-risk HPV.

