Supplemental Table 1. Prevalence of anal HPV 16 and HPV 18 and adjusted prevalence ratios for associations between HPV vaccination and anal HPV 16 and HPV 18 among men and other persons assigned male at birth who have sex with men attending sexual health clinics in three U.S. cities, stratified by age group — 2018–2023 
	
	
	HPV 16
	HPV 18

	 
	N
	Prevalence
n (%)
	Adjusted PRa,b 
(95% CI)
	Prevalence
n (%)
	Adjusted PRa,b 
(95% CI)

	Ages 18–26 years

	Total
	2802
	200 (7.1)
	-
	81 (2.9)
	-

	HPV vaccination
	
	
	
	d
	

	No
	1553
	123 (7.9)
	Ref
	54 (3.5)
	Ref

	Yes
	1249
	77 (6.2)
	0.68 (0.51, 0.90)
	27 (2.1)
	0.62 (0.39, 1.01)

	Age at first vaccination, yearsc
	
	d
	
	d
	

	< 18
	573 
	5 (0.9)
	0.10 (0.04, 0.26)
	1 (0.2)
	0.05 (0.01, 0.37)

	18–26
	676 
	72 (10.7)
	1.11 (0.83, 1.48)
	26 (3.9)
	1.10 (0.68, 1.81)

	Time since first vaccination, yearsc
	
	d
	
	d
	

	≥ 2
	917 
	33 (3.6)
	0.41 (0.28, 0.60)
	15 (1.6)
	0.48 (0.27, 0.87)

	< 2
	332 
	44 (13.3)
	1.34 (0.96, 1.87)
	12 (3.6)
	0.98 (0.52, 1.85)

	Time since first vaccination (years) among those vaccinated at age 18–26 yearsc
	
	d
	
	
	

	≥ 2
	348
	28 (8.1)
	0.84 (0.56, 1.26)
	14 (4.0)
	1.17 (0.64, 2.13)

	< 2
	328
	44 (13.4)
	1.41 (1.01, 1.98)
	12 (3.7)
	1.06 (0.56, 2.01)

	Ages 27–45 years

	Total
	3548
	514 (14.5)
	-
	259 (7.3)
	

	Documented HPV vaccination
	
	d
	
	
	

	No
	2622
	411 (15.7)
	Ref
	192 (7.3)
	Ref

	Yes
	926
	103 (11.1)
	0.62 (0.50, 0.77)
	67 (7.2)
	0.90 (0.68, 1.20)

	Age at first vaccination, yearse, f
	
	d
	
	
	

	18–26
	362 
	26 (7.2)
	0.41 (0.28, 0.60)
	31 (8.6)
	1.09 (0.75, 1.58)

	>26
	545 
	76 (13.9)
	0.77 (0.61, 0.98)
	35 (6.4)
	0.78 (0.54, 1.12)

	Time since first vaccination, yearse
	
	
	
	
	

	≥ 2
	543 
	52 (9.6)
	0.53 (0.40, 0.70)
	32 (5.9)
	0.73 (0.50, 1.07)

	< 2
	383 
	51 (13.3)
	0.76 (0.57, 1.01)
	35 (9.1)
	1.15 (0.80, 1.64)

	Time since first vaccination (years) among those vaccinated at age 18–26 yearse
	
	
	
	d
	

	≥ 2
	324
	24 (7.4)
	0.43 (0.29, 0.64)
	22 (6.8)
	0.89 (0.57, 1.37)

	< 2
	38
	2 (5.3)
	0.31 (0.08, 1.18)
	9 (23.7)
	3.09 (1.72, 5.54)

	Time since first vaccination (years) among those vaccinated at age >26 yearse
	
	
	
	
	

	≥ 2
	200
	27 (13.5)
	0.70 (0.48, 1.02)
	9 (4.5)
	0.54 (0.28, 1.05)

	< 2
	345
	49 (14.2)
	0.82 (0.62, 1.09)
	26 (7.5)
	0.96 (0.64, 1.44)


a Adjusted for city, race/ethnicity, and non-9vHPV-type prevalent infection
b Comparing persons with any documented HPV vaccination ≥ 30 days before specimen collection to unvaccinated persons
c Reference group is unvaccinated persons aged 18–26 years 
d Chi-square p-value < 0.05
e Reference group is unvaccinated persons aged 27–45 years 
f Because few individuals aged 27–45 years had been vaccinated at age <18 years, these individuals were excluded from analyses of age at first vaccination.
Bold text indicates statistical significance at p < 0.05
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Supplemental Table 2. Prevalence of anal human papillomavirus (HPV) by demographic and clinical characteristics among men and other persons assigned male at birth who have sex with men attending sexual health clinics in three U.S. cities, 9vHPV sub-analysisa — 2018–2023 
	
	
	Prevalence, n (%)

	
	N
	Any 4vHPV type
	Any additional 9vHPV type
	Any 9vHPV type
	Any 
non-9vHPV type
	Any HPV type

	Ages 18–26 years 

	Total
	2199
	468 (21.3)
	445 (20.2)
	742 (33.7)
	1498 (68.1)
	1599 (72.7)

	City
	
	b
	
	b
	b
	b

	Seattle
	829
	207 (25.0)
	177 (21.4)
	315 (38.0)
	611 (73.7)
	648 (78.2)

	Philadelphia
	635
	113 (17.8)
	122 (19.2)
	193 (30.4)
	412 (64.9)
	445 (70.1)

	New York City
	735
	148 (20.1)
	146 (19.9)
	234 (31.8)
	475 (64.6)
	506 (68.8)

	Gender identity
	
	b
	
	b
	
	

	Male
	1684
	381 (22.6)
	352 (20.9)
	594 (35.3)
	1157 (68.7)
	1236 (73.4)

	Female/transgender female
	31
	8 (25.8)
	4 (12.9)
	10 (32.3)
	24 (77.4)
	25 (80.6)

	Non-binary/gender-queer/gender non-conforming/other
	87
	15 (17.2)
	12 (13.8)
	22 (25.3)
	64 (73.6)
	66 (75.9)

	Unknown
	397
	64 (16.1)
	77 (19.4)
	116 (29.2)
	253 (63.7)
	272 (68.5)

	Race/ethnicity
	
	
	b
	b
	b
	b

	Non-Hispanic Black
	339
	71 (20.9)
	57 (16.8)
	101 (29.8)
	234 (69.0)
	248 (73.2)

	Non-Hispanic White
	887
	181 (20.4)
	166 (18.7)
	283 (31.9)
	592 (66.7)
	624 (70.3)

	Non-Hispanic Asian/Pacific Islander
	239
	39 (16.3)
	44 (18.4)
	70 (29.3)
	153 (64.0)
	166 (69.5)

	Hispanic
	491
	125 (25.5)
	131 (26.7)
	205 (41.8)
	370 (75.4)
	394 (80.2)

	Another race, non-Hispanic
	149
	32 (21.5)
	27 (18.1)
	48 (32.2)
	94 (63.1)
	104 (69.8)

	Unknown
	94
	20 (21.3)
	20 (21.3)
	35 (37.2)
	55 (58.5)
	63 (67.0)

	CT/GC test result
	
	
	
	
	b
	b

	Negative
	1792
	378 (21.1)
	357 (19.9)
	603 (33.6)
	1176 (65.6)
	1262 (70.4)

	Positive
	407
	90 (22.1)
	88 (21.6)
	139 (34.2)
	322 (79.1)
	337 (82.8)

	Ages 27–45 years 

	Total
	3312
	1132 (34.2)
	1034 (31.2)
	1696 (51.2)
	2440 (73.7)
	2661 (80.3)

	City
	
	b
	
	b
	b
	b

	Seattle
	1178
	441 (37.4)
	388 (32.9)
	655 (55.6)
	919 (78.0)
	996 (84.6)

	Philadelphia
	983
	330 (33.6)
	317 (32.2)
	509 (51.8)
	722 (73.4)
	797 (81.1)

	New York City
	1151
	361 (31.4)
	329 (28.6)
	532 (46.2)
	799 (69.4)
	868 (75.4)

	Gender identity
	
	
	
	
	
	

	Male
	2676
	920 (34.4)
	855 (32.0)
	1387 (51.8)
	1975 (73.8)
	2155 (80.5)

	Female/transgender female
	26
	7 (26.9)
	6 (23.1)
	9 (34.6)
	20 (76.9)
	20 (76.9)

	Non-binary/gender-queer/gender non-conforming/other
	47
	14 (29.8)
	15 (31.9)
	24 (51.1)
	38 (80.9)
	39 (83.0)

	Unknown
	563
	191 (33.9)
	158 (28.1)
	276 (49.0)
	407 (72.3)
	447 (79.4)

	Race/ethnicity
	
	b
	
	
	b
	b

	Non-Hispanic Black
	494
	163 (33.0)
	155 (31.4)
	245 (49.6)
	338 (68.4)
	380 (76.9)

	Non-Hispanic White
	1354
	492 (36.3)
	418 (30.9)
	725 (53.5)
	1034 (76.4)
	1118 (82.6)

	Non-Hispanic Asian/Pacific Islander
	296
	79 (26.7)
	86 (29.1)
	131 (44.3)
	201 (67.9)
	211 (71.3)

	Hispanic
	850
	297 (34.9)
	280 (32.9)
	439 (51.6)
	631 (74.2)
	694 (81.6)

	Another race, non-Hispanic
	213
	70 (32.9)
	62 (29.1)
	103 (48.4)
	156 (73.2)
	172 (80.8)

	Unknown
	105
	31 (29.5)
	33 (31.4)
	53 (50.5)
	80 (76.2)
	86 (81.9)

	CT/GC test result
	
	
	b
	b
	b
	b

	Negative
	2811
	943 (33.5)
	856 (30.5)
	1402 (49.9)
	2039 (72.5)
	2226 (79.2)

	Positive
	501
	189 (37.7)
	178 (35.5)
	294 (58.7)
	401 (80.0)
	435 (86.8)


CT, chlamydia; GC, gonorrhea
4vHPV types, HPV 6, 11, 16, 18
Additional 9vHPV types, HPV 31, 33, 45, 52, 58
9vHPV types, HPV 6, 11, 16, 18, 31, 33, 45, 52, 58
Non-9vHPV types, HPV 26, 35, 39, 40, 42, 43, 44, 51, 53, 54, 56, 59, 61, 66, 68, 69, 70, 73, 82
a Includes persons with documented 9vHPV vaccination ≥ 30 days before specimen collection and unvaccinated persons; individuals who received 4vHPV (alone or in combination with 9vHPV) or who had another or unknown HPV vaccine product were excluded
b Chi-square p-value < 0.05




Supplemental Table 3. Prevalence of anal human papillomavirus (HPV) by vaccination characteristics among men and other persons assigned male at birth who have sex with men attending sexual health clinics in three U.S. cities, 9vHPV sub-analysisa — 2018–2023 
	
	
	Prevalence, n (%)

	
	N
	Any 4vHPV type
	Any additional 9vHPV type
	Any 9vHPV type
	Any 
non-9vHPV type
	Any HPV

	Ages 18–26 years

	HPV vaccination
	
	b
	
	
	b
	b

	No
	1553
	299 (19.3)
	328 (21.1)
	507 (32.7)
	1010 (65.0)
	1084 (69.8)

	Yes
	646
	169 (26.2)
	117 (18.1)
	235 (36.4)
	488 (75.5)
	515 (79.7)

	Age at first vaccination, years
	
	b
	b
	b
	b
	b

	< 18
	95 
	3 (3.2)
	7 (7.4)
	10 (10.5)
	63 (66.3)
	64 (67.4)

	18–26
	551 
	166 (30.1)
	110 (20.0)
	225 (40.8)
	425 (77.1)
	451 (81.9)

	Time since first vaccination, years
	
	b
	b
	b
	
	

	≥ 2
	317 
	59 (18.6)
	40 (12.6)
	83 (26.2)
	235 (74.1)
	244 (77.0)

	< 2
	329 
	110 (33.4)
	77 (23.4)
	152 (46.2)
	253 (76.9)
	271 (82.4)

	Time since first vaccination (years) among those vaccinated at age 18–26 years
	
	b
	b
	b
	
	

	≥ 2
	226
	57 (25.2)
	34 (15.0)
	75 (33.2)
	176 (77.9)
	184 (81.4)

	< 2
	325
	109 (33.5)
	76 (23.4)
	150 (46.2)
	249 (76.6)
	267 (82.2)

	Ages 27–45 years

	HPV vaccination
	
	
	b
	b
	b
	

	No
	2622
	912 (34.8)
	850 (32.4)
	1378 (52.6)
	1906 (72.7)
	2091 (79.8)

	Yes
	690
	220 (31.9)
	184 (26.7)
	318 (46.1)
	534 (77.4)
	570 (82.6)

	Age at first vaccination, yearsc
	
	b
	b
	b
	
	b

	18–26
	175 
	39 (22.3)
	32 (18.3)
	57 (32.6)
	132 (75.4)
	134 (76.6)

	> 26
	514 
	180 (35.0)
	152 (29.6)
	260 (50.6)
	401 (78.0)
	435 (84.6)

	Time since first vaccination, years
	
	b
	b
	b
	
	

	≥ 2
	315 
	82 (26.0)
	64 (20.3)
	119 (37.8)
	251 (79.7)
	260 (82.5)

	< 2
	375 
	138 (36.8)
	120 (32.0)
	199 (53.1)
	283 (75.5)
	310 (82.7)

	Time since first vaccination (years) among those vaccinated at age 18–26 years
	
	
	
	
	
	

	≥ 2
	139
	28 (20.1)
	23 (16.6)
	41 (29.5)
	105 (75.5)
	105 (75.5)

	< 2
	36
	11 (30.6)
	9 (25.0)
	16 (44.4)
	27 (75.0)
	29 (80.6)

	Time since first vaccination (years) among those vaccinated at age >26 years
	
	
	b
	b
	
	

	≥ 2
	175
	53 (30.3)
	41 (23.4)
	77 (44.0)
	145 (82.9)
	154 (88.0)

	< 2
	339
	127 (37.5)
	111 (32.7)
	183 (54.0)
	256 (75.5)
	281 (82.9)


4vHPV, quadrivalent HPV vaccine; 9vHPV, 9-valent HPV vaccine; vaccination defined as documented receipt of 9vHPV vaccination ≥ 30 days before specimen collection
4vHPV types, HPV 6, 11, 16, 18
Additional 9vHPV types, HPV 31, 33, 45, 52, 58
9vHPV types, HPV 6, 11, 16, 18, 31, 33, 45, 52, 58
Non-9vHPV types, HPV 26, 35, 39, 40, 42, 43, 44, 51, 53, 54, 56, 59, 61, 66, 68, 69, 70, 73, 82
a Includes persons with documented 9vHPV vaccination ≥ 30 days before specimen collection and unvaccinated persons; individuals who received 4vHPV (alone or in combination with 9vHPV) or who had another or unknown HPV vaccine product were excluded
b Chi-square p-value < 0.05
c Because few individuals aged 27–45 years had been vaccinated at age <18 years, these individuals were excluded from analyses of age at first vaccination.



Supplemental Table 4. Adjusted prevalence ratios for associations between human papillomavirus (HPV) vaccination and any anal 9vHPV type among men and other persons assigned male at birth who have sex with men attending sexual health clinics in three U.S. cities, stratified by age group — 2018–2023 
	 
	Adjusted PRa,b (95% CI)

	Ages 18–26 years (N=2199)

	HPV vaccination
	

	No
	Ref

	Yes
	1.00 (0.88, 1.13)

	Age at first vaccination, yearsc
	

	< 18
	0.33 (0.18, 0.58)

	18–26
	1.10 (0.97, 1.24)

	Time since first vaccination, yearsc
	

	≥ 2
	0.74 (0.61, 0.90)

	< 2
	1.23 (1.08, 1.41)

	Time since first vaccination (years) among those vaccinated at age 18–26 yearsc
	

	≥ 2
	0.90 (0.74, 1.09)

	< 2
	1.24 (1.08, 1.42)

	Ages 27–45 years (N=3312)

	HPV vaccination
	

	No
	Ref

	Yes
	0.80 (0.74, 0.88)

	Age at first vaccination, yearsd, e
	

	18–26
	0.60 (0.49, 0.74)

	>26
	0.88 (0.79, 0.95)

	Time since first vaccination, yearsd
	

	≥ 2
	0.65 (0.57, 0.76)

	< 2
	0.93 (0.84, 1.03)

	Time since first vaccination (years) among those vaccinated at age 18–26 yearsd
	

	≥ 2
	0.56 (0.43, 0.72)

	< 2
	0.78 (0.55, 1.11)

	Time since first vaccination (years) among those vaccinated at age >26 yearsd
	

	≥ 2
	0.72 (0.61, 0.85)

	< 2
	0.95 (0.86, 1.06)















9vHPV types, HPV 6, 11, 16, 18, 31, 33, 45, 52, 58
a Adjusted for city, race/ethnicity, and non-9vHPV-type prevalent infection
b Comparing persons with documented 9vHPV vaccination ≥ 30 days before specimen collection to unvaccinated persons; individuals who received 4vHPV (alone or in combination with 9vHPV) or who had another or unknown HPV vaccine product were excluded
c Reference group is unvaccinated persons aged 18–26 years 
d Reference group is unvaccinated persons aged 27–45 years 
e Because few individuals aged 27–45 years had been vaccinated at age <18 years, these individuals were excluded from analyses of age at first vaccination.
Bold text indicates statistical significance at p < 0.05

