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S1. [bookmark: _Toc119682000]Calibration of interaction scenarios 
For each interaction-strength scenario considered in the main analysis ( = 0.5, 0.9, 1, 1.1, 1.5) and the sensitivity analysis ( = 0.6, 0.7, 0.8, 1.2, 1.3, 1.4), the probability of NV-genotype transmission was independently calibrated against reported prevalences of HPV-NV genotypes by age category.[1] We chose the parameter minimizing the sum of squared differences between simulated and real prevalence data. Calibration results are reported in Table S1.
[bookmark: _Toc119682014]Table S1. Results of calibration of each interaction scenario on prevalences by age 
	Interaction strength ()
	Estimated transmission probability parameter of NV genotypes
	Minimized sum 
of squares

	0.5
	0.570
	0.0027

	0.6
	0.355
	0.0029

	0.7
	0.260
	0.0031

	0.8
	0.210
	0.0037

	0.9
	0.160
	0.0037

	1.0
	0.125
	0.0038

	1.1
	0.112
	0.0044

	1.2
	0.098
	0.0048

	1.3
	0.088
	0.0052

	1.4
	0.075
	0.0058

	1.5
	0.072
	0.0062



S2. [bookmark: _Toc119682001]Complementary information on analysis of simulated results
[bookmark: _Toc119682002]The study population
Because vaccine introduction is carried out by age cohort, the analysis at any given time in the simulations was restricted to the age categories offered the vaccine in the comparison and reference groups at that time. As a consequence, proportions of the population involved in the analysis increase with time since vaccine introduction, as shown in Figure S1.
	[image: ]

	[bookmark: _Toc115519848]Figure S1.Proportions of women in the modelled population whose age is targeted by vaccination, according to the number of years since vaccine introduction. Because vaccination is introduced by age cohort, the proportion of women corresponds to that of women of the relevant ages specified above the bars (in years).



[bookmark: _Toc112860402][bookmark: _Toc115454864][bookmark: _Toc119682003]Calculation of required sample size 
Our sample-size calculation was based on a two-sided test for the difference of proportions between two independent populations.[2] We report the total sample size  +  where  is the number of women in the reference group (prevaccine or unvaccinated in our case) and  is the number of women in the comparison group (postvaccine or vaccinated, respectively). Allowing for unequal sample sizes, those numbers were obtained as follows:
and 	 
where k is a proportionality parameter reflecting the difference in size between the two groups,  and  are quantiles of the normal distribution (here we chose significance level α = 0.05 and statistical power  = 80%), P0 is the prevalence in the reference group and P1 the prevalence in the comparison group. 
In the post-vs-prevaccine comparison, we first considered equal sample sizes  and , so. In the vaccinated-vs-unvaccinated comparison, we adapted the value of k according to vaccination coverage (Table S2). 
[bookmark: _Toc119682015]Table S2. Values of proportionality parameter k according to vaccine coverage
	Proportionality
	Vaccine coverage (%)

	parameter
	20
	30
	40
	50
	60
	70
	80
	90

	k
	4
	2.3
	1.5
	1
	0.67
	0.43
	0.25
	0.11



[bookmark: _Toc119682004]Minimum sample size of an existing prevaccine study 
Like the vaccinated-vs-unvaccinated comparison, the post-vs-prevaccine comparison could rely on samples of unequal size. Indeed, for the post-vs-prevaccine comparison, one must a posteriori find an existing sample that was collected in the prevaccine era, regardless of the size of the postvaccine population to be recruited. Our question was then to determine the minimal required size of this prevaccine sample, . We proceeded as follows:
) 	with	
As  ⇒
[bookmark: _Toc119682005]Analyzing the dynamics according to sexual activity for a single NV genotype 
In order to disentangle mechanisms at stake and complement the analysis by sexual activity, we ran simulations while focusing on a single genotype (instead of considering the sum of all 12 NV genotypes). It is important to note here that the individual genotype prevalence was not calibrated, since calibration was performed on the total prevalence of all NV genotypes. We assumed that the NV genotype of interest had the same transmission parameter, infection duration and interaction strength as the one estimated for the whole group. Hence, the results obtained should be interpreted in the light of that limitation and only be considered as an average behavior for any NV genotype.

S3. [bookmark: _Toc119682006]Complementary results
[bookmark: _Toc115520592][bookmark: _Toc115520596][bookmark: _Toc115520601][bookmark: _Toc115520602][bookmark: _Toc115520603][bookmark: _Toc115520608][bookmark: _Toc115520611][bookmark: _Toc119682007]Results of the systematic review 
61 articles met our inclusion/criteria for this systematic review. Precisely, inclusion criteria were studies describing the effect of HPV vaccines on the prevalence of NV genotypes at the population level. Exclusion criteria were:
· Articles presenting a mathematical modeling study only (and no data)
· Papers without description of population-level effect of HPV vaccination
· Articles not allowing comparisons, i.e., presenting data on prevaccine only without postvaccine prevalence, or in unvaccinated individuals only but not in vaccinated individuals, or conversely in vaccinated individuals only but not in unvaccinated individuals
· Articles presenting results on V genotypes only but none on NV genotypes
· Articles focused on HPV prevalence in non-heterosexual population or studying male vaccination
· Articles describing HPV prevalences in non-genital infection
Of these 61 articles, 56 were original articles presenting results from one study. 5 reviews or meta-analyses presenting results were also included in the review allowing us to have a more global view of the results of the studies presented.[3–7] It should be noted that the same study was sometimes reported in several papers, up to 6 original articles not counting reviews or meta-analyses. Moreover, the same study sometimes allowed post-vs-pre as well as vaccinated-vs-unvaccinated comparisons. The main features and results of studies (reviews and meta-analyses are not presented) comparing post-vs-prevaccine and vaccinated-vs-unvaccinated prevalences are summarized in Supplementary Tables S3 and S4, respectively.

[bookmark: _Toc119682016]Table S3. Characteristics of the studies included in the systematic review (original articles only): comparison of HPV-genotype prevalences among subjects in the pre- and postvaccine eras
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Sub-
group
	Collection year
(yr postvaccine introduction)
	Yr vaccine introduced % vaccine coverage
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Ährlund-Richter
2019,
Grün 2016,
Ramqvist 2011
[8–10]
	Sweden
Women
15–23
Clinical
	Crude prevalence
(2017–18: graph)
	
	
	2012
	
	16
	39
	51
	52
	56
	59

	
	
	
	Pre
	2008–10
	10.1%
	615
	35
	8
	10
	9
	8
	8

	
	
	
	
	2009–11
	
	544
	35
	9
	11
	10
	9
	8

	
	
	
	Post
	2013–15 (1–3)
	71.0%
	338
	12.5
	9.5
	11
	10.5
	11
	14

	
	
	
	
	2017–18 (5–6)
	82.1%
	178
	8
	15
	20
	20
	24
	20

	Baussano 2020
[11]
	Bhutan
Women
17–26
Clinical
	Prevalence
	
	
	2010
	
	6/11/16/18
	39/45/59/68
	31/33/35/52/58

	
	
	
	Pre
	2011–12
	2.3%
	1130
	8.7
	5.0
	8.2

	
	
	
	Post
	2018
	66.0%
	1258
	0.9
	7.5
	9.5

	Chow 2015
[12]
	Australia
Women
15–24
Clinical
	Crude prevalence
	
	
	2007
	
	16/18
	31/33/45
	52/58
	31/33/45/52/58

	
	
	
	Pre
	2004–05
	
	96
	23
	9
	6
	14

	
	
	
	
	2005–06
	
	113
	27
	16
	19
	32

	
	
	
	
	2006–07
	
	89
	26
	17
	10
	22

	
	
	
	Post
	2007–08 (1)
	NR
	95
	26
	20
	16
	31

	
	
	
	
	2008–09 (2)
	NR
	96
	17
	16
	23
	34

	
	
	
	
	2009–10 (3)
	59%
	147
	17
	16
	20
	30

	
	
	
	
	2010–11 (4)
	57%
	129
	18
	12
	17
	26

	
	
	
	
	2011–12 (5)
	36%
	117
	21
	22
	13
	28

	
	
	
	
	2012–13 (6)
	44%
	140
	22
	16
	20
	34

	
	
	
	
	2013–14 (7)
	47%
	180
	11
	16
	20
	30

	Covert 2018
Saccucci 2017
[13,14]
	USA
Women
13–26
Clinical
	Prevalence (adjusted propensity score)
	
	
	2007
	
	–
	39/45/59/68/70
	31/33/35/52/58/67
	HR

	
	
	
	Pre
	2006–2007
	
	371
	–
	22.1
	23.3
	48.6

	
	
	
	Post
	2009–10 (2–3)
	59.2%
	409
	
	31.8
	28.0
	58.2

	
	
	
	
	2013–14 (6–7)
	71.5%
	400
	
	25.0
	16.9
	45.1

	
	
	
	
	2016–17 (9–10)
	82.5%
	360
	–
	17.3
	17.6
	–


Table S3. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Sub-
group
	Collection year
(yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Cummings 2012
[15]
	USA
Women
14–17
Clinical
	Prevalence
	
	
	2007
	
	16/18
	

	
	
	
	Pre
	1999–2005
	
	150
	16.7
	

	
	
	
	Post
	2010 (5)
	89 %
	75
	5.3
	

	Dillner 2018
[16]
	Denmark (D), Norway (N) and Sweden (S)
Women
18–26
Clinical
	Prevalence
	
	
	D: 2008
N: 2009
S: 2012
	
	16
	18
	

	
	
	
	Pre
	2006–2008
	
	D: 831
N: 1055
S: 986
	D: 3.5
N:16.8
S:11.8
	D: 5.3
N: 6.5
S:5.1
	

	
	
	
	Post
	2012–2013
(D: 5–6)
(N: 4–5)
(S: 1–2)
	D: 9.9–95.7%
N: 0.2–2.2%
S: 2.8–33.6%
	D: 1043
N: 1011
S: 996
	D: 9.6
N:13.3
S:9.9
	D: 3.7
N: 8.2
S:3.0
	

	Dunne
2015
Markowitz 2019
[17,18]
	USA
Women
20–29
Clinical
	Prevalence for all (a) and by age-subgroup*:
b: 20–24
c: 25–29
	
	
	2007
	
	16/18
	HR
	31/33/45
	All

	
	
	
	Pre
	2007
	
	a: 4138
b:2057
c: 2081
	a: 8.9
b: 10.6
c: 7.2
	a: 17.5
b: 20.3
c: 14.8
	a: 4.3
b: 4.7
c: 3.8
	b: 32.9
c: 24.4

	
	
	
	Post
	2012–13 (5–6)
	a: 31.9%
b: 43.7%
c: 20.5%
	a: 4171
b:2057
c: 2114
	a: 5.2
b: 4.5
c: 5.8
	a: 22.1
b: 25.6
c: 18.6
	a: 3.6
b: 3.3
c: 4.0
	b: 41.6
c: 32.8

	
	
	
	
	2015–16 (8–9)
	b: 64.3%
c: 32.0%
	b: 2059
c: 2420
	b: 2.5
c: 4.6
	b: 25.7
c: 15.7
	b: 3.5
c: 3.3
	b: 40.6
c: 29.0

	Feiring 2018
[19]
	Norway
Women
17 
General population
	Prevalence
	
	
	2009
	
	16/18
	HR
	HR except 16/18/31/33/45
	31/33/45/52/58
	31/33/45

	
	
	
	Pre
	2011
	1.7%
	5468
	5.1
	8.0
	6.8
	3.9
	2.6

	
	
	
	Post
	2013(4)
	3.8%
	5921
	3.2
	5.6
	4.3
	3.0
	2.2

	
	
	
	
	2014(5)
	77.0%
	6360
	1.1
	4.0
	3.6
	1.5
	0.9



Table S3. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Sub-
group
	Collection year
(yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Guiqian 2020
[20]
	China
Women
18–25
Clinical
	Prevalence
	
	
	2017
	
	16
	52
	58
	39
	33
	68
	51

	
	
	
	Pre
	2016–2017
	
	351
	4.27
	5.41
	2.56
	1.71
	1.99
	1.71
	1.42

	
	
	
	Post
	2018–2019 (1–2)
	NA
	656
	5.03
	5.64
	2.90
	0.46
	1.20
	2.59
	2.13

	Kahn 2012/2016
[21,22]
	USA
Women
13–26
Clinical
	Prevalence
	
	
	2007
	
	16/18
	All
	HR

	
	
	
	Pre
	2006–2007
	
	368
	24.2
	59.3
	47.5

	
	
	
	Post
	2009–2010
(2–3)
	59.2%
	409
	11.0
	74.5
	57.8

	
	
	
	
	2013–2014
(6-7)
	71.3%
	400
	8.1
	–
	–

	Kavanagh 2014/2017
Cameron 2016
[23–25]
	Scotland
Women
20–21
Clinical
	Prevalence
	
	
	2008
	
	16/18
	31/33/45
	35/39/51/52/56/58/59/68

	
	
	
	Pre
	2009
	1.26%
	1656
	28.8
	13.0
	29.1

	
	
	
	
	2010
	5.77%
	1053
	31.6
	13.6
	34.6

	
	
	
	Post
	2011 (3)
	44.6%
	1001
	23.3
	10.4
	33.0

	
	
	
	
	2012 (4)
	75.4%
	993
	17.0
	8.4
	35.5

	
	
	
	
	2013 (5)
	80.5%
	1016
	10.1
	6.3
	33.9

	
	
	
	
	2014 (6)
	81.2%
	1019
	11.5
	6.0
	34.5

	
	
	
	
	2015 (7)
	88.0%
	1610
	4.8
	3.0
	31.4

	Machalek
2018
[26]
	Australia
Women
18–24
General population
	Prevalence
	
	
	2007
	
	6/11/16/18
	31/33/45/52/58
	HR

	
	
	
	Pre
	2005–2007
	
	88
	22.7
	14.8
	33.0

	
	
	
	Post
	2010–2012
(3–5)
	87.5%
	688
	7.3
	19.0
	36.5

	
	
	
	
	2015
(8)
	89.5%
	200
	1.5
	15.5
	29.5





Table S3. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Sub-
group
	Collection year
(yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Markowitz
2013/2016
Oliver 2017
Hirth 2019
McClung 2019
Rosenblum 2020
[1,27–31]
	USA
Women
14–29
General population

	Prevalence by age-subgroup*:
a: 14–19
b: 20–24
c: 25–29
	
	
	2007
	
	6/11/16/18
	16/18
	31/33/45/52/58
	HR

	
	
	
	Pre
	2003–2006
	
	a: 1363
b: 432
c: 403
	a: 11.5
b: 18.5
c: 11.8
	a: 7.2
b: 15.2
c: 8.1
	a: 8.4
b: 16.5
c: 10.8
	a: 20.7
b: 32.9
c: 24.6

	
	
	
	Post
	2007–2010
(0–3)
	a: 34.1%
b: 17.8%
c: 7.8%
	a: 740
b: 445
c: 414
	a: 5.0
b: 19.9
c: 13.1
	a: 3.6
b: 16.2
c: 10.3
	a: 6.1
b: 13.8
c: 13.1
	a: 16.4
b: 37.4
c: 28.4

	
	
	
	
	2009–2012
(2–5)
	a: 51.4%
b: 32.6%
c: 14.7%
	a: 736
b: 470
c: 424
	a: 4.3
b: 12.1
c: 11.7
	a: 2.8
b: 10.5
c: 9.9
	a: 6.2
b: 12.7
c: 13.4
	a: 18.6
b: 36.8
c: 28.1

	
	
	
	
	2011–2014
(4–7)
	a: 54.7%
b: 43.0%
c: 24.8%
	a: 797
b: 442
c: 395
	a: 3.3
b: 7.2
c: 8.8
	
	a: 5.3
b: 13.2
c: 13.2
	a: 15.4
b: 34.5
c: 25.5

	
	
	
	
	2013–2016
(6–9)
	a: 53.9%
b: 51.5%
c: 33.3%
	a: 783
b: 413
c: 447
	a: 1.8
b: 5.3
c: 8.0
	
	a: 3.9
b: 13.3
c: 11.5
	–

	
	
	
	
	2015-2018
(8–11)
	a: 54.3%
b: 59.9%
c: 40.7%
	a: 666
b: 368
c: 430
	a: 1.1
b: 3.3
c: 9.1
	
	a: 2.3
b: 10.2
c: 11.6
	–

	McGregor 2018
[32]
	Australia Indigenous women
18–26
Clinical
	Prevalence
	
	
	2007
	
	6/11/16/18
	HR

	
	
	
	Pre
	2005–2007
	
	155
	23.9
	32.9

	
	
	
	Post
	2014–2015
(7–8)
	63%
	141
	1.4
	17.0




Table S3. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Sub-
group
	Collection year
(yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Mesher
2013/2016/ 2018
[33–35]

	England
Women
16–24
Clinical
	Prevalence by age-subgroup*:
a: 16–18
b: 19–21
c: 22–24
	
	
	2008
	
	16/18
	31/33/45/52/58
	HR

	
	
	
	Pre
	2008
	
	a: 1047
b: 804
c: 503
	a: 17.6
b: 16.9
c: 15.3
	a: 14.5
b: 15.2
c: 16.7
	a: 24.9
b: 26.9
c: 26.4

	
	
	
	Post
	2010–2011
(2–3)
	27.3%
	a: 933
b: 1463
c: 1206
	a: 8.5
b: 14.2
c: 16.5
	a: 16.9
b: 21.6
c: 18.4
	a: 34.2
b: 39.1
c: 32.0

	
	
	
	
	2012–2013
(4–5)
	44.0%
	a: 1063
b: 1310
c: 1346
	a: 4.0
b: 8.7
c: 16.1
	a: 14.7
b: 21.0
c: 23.3
	a: 33.2
b: 40.2
c: 33.7

	
	
	
	
	2014–2015
(6–7)
	80.0%
	a: 1953
b: 664
c: 120
	a: 1.8
b: 2.7
c: 7.5
	a: 10.2
b: 16.1
c: 18.3
	–

	
	
	
	
	2016
(8)
	84.0%
	a: 629
b: 796
	a: 1.6
b: 1.6
	a: 7.2
b: 12.7
	–

	Purriños-Hermida 2018
[36]
	Spain
Women
18–26
Clinical
	Prevalence
	
	
	2008
	
	16/18
	31/33/45
	26/35/39/51/52/53/56/58/59/66/68/73/82

	
	
	
	Pre
	2008–2010
	
	523
	9.8
	5.9
	13.2

	
	
	
	Post
	2014–2015
(6–7)
	43%
	447
	6.3
	6.3
	28.2

	
	
	
	
	2016–2017
(8–9)
	53%
	298
	3.7
	3.0
	19.5

	Söderlund-Strand
2014
[37]
	Sweden
Women
13–22
Clinical
	Prevalence
	
	
	2012
	
	16
	18
	31
	33
	35
	39
	45
	51
	52
	56
	58
	59
	66
	68

	
	
	
	Pre
	2008
	1.6–17.1%
	9644
	14.9
	7.9
	7.1
	3.7
	1.6
	5.1
	3.6
	9.8
	6.5
	6.1
	3.3
	4.0
	7.7
	1.0

	
	
	
	Post
	2012
(0)
	17.8– 63.6%
	1433
	8.9
	4.7
	7.0
	3.1
	1.5
	6.4
	3.4
	11.9
	8.4
	8.0
	4.0
	5.9
	9.8
	1.2

	
	
	
	
	2013
(1)
	28.9– 77.7%
	1383
	8.7
	4.3
	5.9
	3.9
	1.2
	5.6
	4.3
	10.6
	9.1
	7.3
	3.5
	3.7
	9.3
	1.0




Table S3. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Sub-
group
	Collection year
(yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Sonnenberg 2013
[38]
	England, Scotland,
Wales
Women and men
16–44
General population
	Prevalence
	
	
	2008
	
	16/ 18b
	

	
	
	
	Pre
	1999–2001
	
	684
	11.3
	

	
	
	
	Post
	2010–2012
(2–4)
	61.5%
	1426
	5.8
	

	Tabrizi
2012
2014
[39,40]
	Australia
Women
18–24
Clinical
	Prevalence
	
	
	2007
	
	16/18
	31/33/35/45
	HR

	
	
	
	Pre
	2005–2007
	
	202
	28.7
	10.4
	37.6

	
	
	
	Post
	2010–2011
(3–4)
	83.7%
	404
	6.7
	9.2
	31.2

	
	
	
	
	1010–2012
(3–5)
	86.0%
	1058
	5.4
	
	

	Woestenberg
2019
[41]
	Netherlands
Women
16–24
Sexual health clinics
	Prevalence
	
	
	2009
	
	16/18
	31
	33
	45

	
	
	
	Pre
	2009
	2.3%
	1110
	22.7
	12.4
	4.3
	1.9

	
	
	
	Post
	2011
(2)
	6.4%
	1274
	23.9
	11.1
	5.3
	3.6

	
	
	
	
	2013
(4)
	19.2%
	1294
	18.5
	10.4
	3.4
	3.6

	
	
	
	
	2015
(6)
	36.7%
	1318
	14.9
	10.5
	5.4
	3.2


HPV: human papillomavirus; HR: high risk; NV: nonvaccine genotypes; V: vaccine genotypes; Pre: prevaccine; Post: postvaccine; NR, not reported. 
* Lower case letters refer age groups.
a Figures available by genotype not shown here. bVaccine-genotype prevalences among 18–20-year-old women and men are reported. cNonvaccine-genotype prevalences among 18–44-year-old women and men are given. 
Reviewed studies providing prevalence of NV genotypes without distinguishing them from V genotypes, were not reported in the table.
Figures in bold are those used in Figure 3 of the main text.

[bookmark: _Toc119682017]Table S4. Characteristics of the studies included in the systematic review (original articles only): comparison of HPV-genotype prevalences among vaccinated and unvaccinated subjects in the postvaccine era 
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Collection year (yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sub- group
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Ährlund-Richter 2019
Grün 2016
[8,9]
	Sweden
Women
15–23
Clinical
	Crude prevalence
(Graph for 2017-2018)
	
	2012
	
	
	16
	39
	51
	52
	56
	59

	
	
	
	2013–2015
(1–3)
	71.0%
	Vac+
	240
	5
	10
	12
	10
	13
	12

	
	
	
	
	
	Vac–
	98
	18
	9
	10
	13
	9
	19

	
	
	
	2017–2018
(5–6)
	82.1%
	Vac+
	138
	6
	15
	19
	18
	23
	20

	
	
	
	
	
	Vac–
	30
	16
	20
	27
	20
	27
	20

	Batmunkh 2020
[42]
	Mongolia
Women
18–23
General
	Crude prevalence
	
	2012
	
	
	16/18/45
	HR except 45

	
	
	
	2017–2018
(5–6)
	47.3%
	Vac+
	726
	4.8
	32.4

	
	
	
	
	
	Vac–
	790
	17.2
	24.6

	Baussano 2020
[11]
	Bhutan
Women
17–29
Clinical
	Prevalence
	
	2010
	
	
	
	All

	
	
	
	2018
(8)
	66.0%
	Vac+
	1048
	
	33.5

	
	
	
	
	
	Vac–
	343
	
	29.7

	Bereson 2017
[43]
	USA
Women
18–26
General
	Crude prevalence (graph)
	
	2007
	
	
	16/18
	31/33/35/39/45/51/52/53/56/58/59/66/68/73/82

	
	
	
	2009–2010
(2–3)
	7.4%
	Vac+
	25
	3
	48

	
	
	
	
	
	Vac–
	328
	18
	40

	
	
	
	2011–2012
(4–5)
	10.1%
	Vac+
	40
	3
	38

	
	
	
	
	
	Vac–
	254
	9
	40

	
	
	
	2013–2014
(6–7)
	13.8%
	Vac+
	63
	2
	38

	
	
	
	
	
	Vac–
	245
	8
	30

	Brogly 2014
[44]
	Boston, MA, USA
Women
21–30
Clinical high risk
	Crude prevalence
	
	2007
	
	
	16
	18
	45
	53
	59
	66

	
	
	
	2011–2012
(4–5)
	41%
	Vac+
	96
	2.1
	2.9
	3.25
	3.25
	1.0
	2.1

	
	
	
	
	
	Vac–
	136
	2.2
	0
	1.5
	1.5
	0.8
	1.5

	Carozzi 2018
[45]
	Italy
Women
18–30
General
	Crude prevalence
	
	2007
	
	
	16/18
	HR
	HR but 31
	HR but 31/33/45
	31/33/45
	31
	39
	51
	52
	56
	58
	59

	
	
	
	2012–2014
(5–7)
	59.0%
	Vac+
	771
	0.6
	8.8
	8.3
	8.2
	1.5
	1.3
	1.8
	2.9
	2.1
	1.0
	1.3
	0.5

	
	
	
	
	
	Vac–
	537
	5.2
	8.6
	6.9
	6.3
	2.7
	2.1
	0.9
	1.3
	2.2
	0.9
	0.9
	0.7


Table S4. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Collection year (yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sub- group
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Covert 2018
Saccucci 2017
[13,14]
	USA
Women
13–26
Clinical
	Prevalence
	
	2007
	
	
	
	39/45/59/68/70
	31/33/35/52/58/67
	HR

	
	
	
	2009–2010
(2–3)
	59.2%
	Vac+
	242
	
	36.9
	28.9
	63.9

	
	
	
	
	
	Vac–
	167
	
	23.8
	29.1
	47.9

	
	
	
	2013–2014
(6–7)
	71.5%
	Vac+
	286
	
	23.3
	15.5
	41.8

	
	
	
	
	
	Vac–
	114
	
	28.6
	27.7
	56.7

	
	
	
	2016–2017
(9–10)
	82.5%
	Vac+
	297
	
	20.0
	12.3
	

	
	
	
	
	
	Vac–
	63
	
	6.3
	35.3
	

	Dunne 2015
Markowitz 2019
[17,18]
	USA
Women
20–29
Clinical
	Prevalence by age-subgroup*:
a: 20–24
b: 25–29
	
	2007
	
	
	16/18
	All
	HR
	31/33/45

	
	
	
	2012–2013
(5–6)
	a: 43.7%
b: 20.5%
	Vac+
	a: 898
b: 433
	a: 1.7
b: 4.6
	a:  41.9
b: 41.6
	a: 25.8
b: 21.7
	a: 3.3
b: 4.4

	
	
	
	
	
	Vac–
	a: 1159
b: 1681
	a: 6.7
b: 6.1
	a: 41.3
b: 30.6
	a: 25.5
b: 17.8
	a: 3.2
b: 3.9

	
	
	
	2015–2016
(8–9)
	a: 64.3%
b: 32.0%
	Vac+
	a: 1323
b: 775
	a: 1.1
b:2.5
	a: 42.3
b: 33.7
	a: 26.8
b: 19.1
	a: 3.3
b: 3.6

	
	
	
	
	
	Vac–
	a:736
b: 1645
	a: 5.0
b: 5.6
	a: 37.5
b: 26.8
	a: 23.9
b: 14.2
	a: 3.9
b: 3.1

	Enerly 2019
[46]
	Norway
Women
18–20
General (Facebook)
	Crude prevalence
	
	2009
	
	
	16/18
	All

	
	
	
	2016–2017
(7–8)
	76.6%
	Vac+
	239
	0.4
	38.5

	
	
	
	
	
	Vac–
	73
	4.1
	38.4

	Franceschi 2016
[47]
	Bhutan
Rwanda
Women
17–22
General population
	Prevalence (urine sample
 method with
44 HPV detectable)
	
	
	
	
	6/11/16/18
	31/33/35/39/45/52/58/59/68/70

	
	
	
	Bhutan: 2013 (3)
	2010
92.0%
	Vac+
	896
	1.2
	6.7

	
	
	
	
	
	Vac–
	77
	1.3
	6.5

	
	
	
	Rwanda: 2013–2014 (2–3)
	2011
43.1%
	Vac+
	393
	2.8
	8.1

	
	
	
	
	
	Vac–
	519
	6.4
	12.3

	Goggin 2017
[48]
	Canada
Women
17–29
General population
	Crude prevalence by age group
a: 17–19
b: 20–22
c: 23–29
	
	2008
	
	
	6/11/16/18
	

	
	
	
	3/2013–7/2014
(5–6)
	62.3%
a: 83.5%
b: 65.7%
c: 19.1%
	Vac+
	511
	a: 0.3
b: 1.4
c: 10.5
	

	
	
	
	
	
	Vac–
	1039
	a: 8.2
b: 9.9
c: 11.9
	


Table S4. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Collection year (yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sub- group
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Gray
2018
2019
[49,50]
	Finland
Women
18.5–19
Community randomized trial
	Adjusted prevalence
	
	2007
	
	
	16
	18
	31
	33
	35
	39
	45
	51
	52
	56
	58
	59
	66

	
	
	
	2010–2012
(3–5)
(born: 1992–1993)
	50% women
	Vac+
	Arm A: 2929 (total)
	0.6
	0.2
	0.7
	2.0
	0.7
	3.5
	0.5
	8.0
	4.1
	3.3
	2.6
	2.8
	4.4

	
	
	
	
	
	
	Arm B: 3059 (total)
	0.6
	0.3
	0.9
	1.6
	1.2
	3.1
	0.5
	8.1
	4.6
	4.7
	2.0
	3.0
	4.6

	
	
	
	
	
	Vac–
	3375 (total)
	7.1
	3.9
	3.2
	2.6
	1.2
	2.7
	2.1
	5.2
	4.2
	3.9
	2.8
	2.4
	3.1

	
	
	
	2012–2014
(5–7)
(born: 1994–1995)
	
	Vac+
	Arm A
	0.3
	0.1
	0.8
	1.0
	0.5
	2.8
	0.3
	6.2
	3.5
	5.2
	2.8
	2.9
	3.4

	
	
	
	
	
	
	Arm B
	0.6
	0.2
	0.7
	1.1
	0.9
	2.2
	0.3
	6.4
	3.3
	4.2
	2.1
	2.7
	3.9

	
	
	
	
	
	Vac–
	
	7.0
	4.0
	3.7
	2.4
	1.5
	3.0
	1.9
	7.0
	4.4
	5.1
	2.1
	2.7
	4.2

	Grün 2015
[51]
	Sweden
Women
15–23
Clinical
	Crude prevalence
	
	2007–2012
	
	
	16
	18
	31
	33
	35
	39
	45
	51
	52
	56
	58
	59
	66
	68

	
	
	
	2013–2014
(1–7)
	73%
(vaccination after sexual debut)
	Vac+
	154
	5
	2
	1
	7
	1
	9
	5
	13
	9
	11
	1
	11
	11
	4

	
	
	
	
	
	Vac–
	57
	22
	5
	8
	5
	3
	10
	8
	10
	8
	10
	5
	8
	15
	3

	Guo 2015
[52]
	USA
Women
20–26
General population
	Crude prevalence
	
	2007
	
	
	16/18
	All
	HR

	
	
	
	2007–2012
(0–5)
	21.4%
	Vac+
	177
	7.1
	62.4
	52.1

	
	
	
	
	
	Vac–
	701
	13.9
	52.8
	40.4

	INSP Québec
2016
[53]
	Canada
Women
17–29
General population
	Crude prevalence
	
	2007
	
	
	6/11/16/18
	31/33/45
	HR

	
	
	
	3/2013–7/2014
(6–7)
	62.3%
	Vac+
	1039
	1.5
	3.5
	20.5

	
	
	
	
	
	Vac–
	511
	11.0
	5.7
	19.4


Table S4. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Collection year (yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sub- group
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Jeannot 2018
[54]
	Switzerland
Women
18–31
University
	Prevalence
	
	2008
	
	
	16/18
	HR

	
	
	
	1/2016–10/2017
(8–9)
	69%
	Vac+
	284
	1.1
	10.3

	
	
	
	
	
	Vac–
	125
	7.2
	11.2

	Kahn
2012
2016
[21,22]
	USA
Women
13–26
Clinical
	Prevalence
	
	2006–2007
	
	
	16/18
	All
	HR

	
	
	
	2009–2010
(3–4)
	59.2%
	Vac+
	242
	7.9
	77.6
	65.2

	
	
	
	
	
	Vac–
	167
	15.6
	70.1
	47.3

	
	
	
	2013–2014
(4–8)
	71.3%
	Vac+
	286
	3.9
	
	

	
	
	
	
	
	Vac–
	114
	18.4
	
	

	Kavanagh 2014
2017
Cameron 2016
[23–25]
	Scotland
Women
20–21
Clinical
	Prevalence
	
	2008
	
	
	16/18
	31/33/45
	35/39/51/52/56/58/59/68

	
	
	
	2009–2012
(1–4)
	24.3%
	Vac+
	1100
	13.6
	6.8
	31.6

	
	
	
	
	
	Vac–
	3418
	29.8
	13.1
	32.4

	
	
	
	2009–2013
(1–5)
	33.9%
	Vac+
	1853
	11.0
	6.2
	32.9

	
	
	
	
	
	Vac–
	3619
	29.4
	12.9
	32.5

	
	
	
	2009–2015
(1–7)
	49.7%
	Vac+
	3962
	8.1
	4.5
	32.9

	
	
	
	
	
	Vac–
	4008
	27.8
	12.6
	32.4

	Kumakech 2016
[55]
	Uganda
Women
15–24
General population
	Prevalence
	
	2008–2009
	
	
	16/18
	all
	31
	33
	35
	39
	45
	51
	52
	56
	58
	59
	66
	68

	
	
	
	7/2014–8/2014
(4–5)
	51.1%
	Vac+
	205
	0.5
	29.3
	1.0
	0.5
	0.5
	1.5
	0.5
	2.4
	3.9
	0.5
	3.9
	3.9
	2.4
	0.5

	
	
	
	
	
	Vac–
	196
	5.6
	35.7
	2.6
	0
	2.1
	1.0
	0.5
	4.1
	5.6
	2.1
	7.2
	2.1
	4.6
	1.5

	Lynge
2020
[56]
	Denmark
Women
23–24
General population
	Prevalence
	
	2009
	
	
	16/18
	HR

	
	
	
	02/2017-04/2019
(8–10)
	92%
	Vac+
	5685
	0.4
	34.8

	
	
	
	
	
	Vac-
	518
	6.6
	30.1

	Machalek
2018
[26]
	Australia
Women
18–24
Clinical
	Prevalence
	
	2007
	
	
	6/11/16/18
	31/33/45/52/58
	HR

	
	
	
	2015
(8)
	89.5%
	Vac+
	203
	1.0
	14.3
	27.6

	
	
	
	
	
	Vac–
	54
	1.9
	13.0
	14.8


Table S4. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Collection year (yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sub- group
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Markowitz
2013/2016
Oliver 2017
Hirth 2019
McClung 2019
Rosenblum 2020
[1,27–31]
	USA
Women
14–24
(age subgroup by data collection)
General population
	Prevalence
	
	End of 2006
	
	
	6/11/16/18
	HR
	31/33/45

	
	
	
	2007–2010
(1–4)
age 14–19 yr
	68.3%
	Vac+
	239
	3.1
	35.2
	

	
	
	
	
	
	Vac–
	111
	12.6
	25.3
	

	
	
	
	2009–2012
(3–6)
age 14–24 yr
	49.1%
	Vac+
	347
	2.0
	34.2
	4.9

	
	
	
	
	
	Vac–
	360
	12.2
	36.7
	5.0

	
	
	
	2011–2014
(5–8)
age 14–24 yr
	39.5%
	Vac+
	287
	2.1
	37.2
	4.9

	
	
	
	
	
	Vac–
	439
	16.9
	39.1
	5.8

	McGregor 2018
[32]
	Australia
Indigenous women
18–26
Clinical
	Prevalence
	
	2007
	
	
	6/11/16/18
	HR

	
	
	
	2014–2015
(7–8)
	63%
	Vac+
	118
	0.9
	17.0

	
	
	
	
	
	Vac–
	21
	4.8
	19.1

	Mesher 2018
[35]
	England, UK
Women
16–24
Clinical
	Prevalence by age subgroup A: Vac ≤15 yr
B: Older catch-up
	
	2008
	
	
	16/18
	31/33/45
	31/33/45/52/58

	
	
	
	2010–2016
(2–8)
	86.7%
	Vac+
	A: 1176
B: 614
	A: 1.4
B: 6.2
	A: 3.6
B: 5.7
	A: 11.7
B: 18.9

	
	
	
	
	
	Vac–
	A: 117
B: 289
	A: 8.5
B: 13.5
	A: 7.7
B: 9.7
	A: 15.4
B: 24.2

	Murall 2020
[57]
	France
Women
18–25
clinical
	Prevalence (graph)
	
	2007
	
	
	16
	18
	31
	33
	35
	39
	45
	51
	52
	56
	58
	59

	
	
	
	2019
(12)
	49%
	Vac+
	73
	2.7
	5.5
	2.7
	0
	3.9
	3.9
	0
	3.9
	12.5
	1.4
	1.6
	3.9

	
	
	
	
	
	Vac–
	76
	14.8
	2.3
	14.8
	0
	9.4
	6.6
	2.4
	24.1
	9.4
	10.9
	1.5
	1.5

	Purriños-Hermida
2018
[36]
	Spain
Women
18–26
Clinical
	Prevalence
	
	2008
	
	
	16/18
	31/33/45
	All except 31/33/45

	
	
	
	2014–2017
(6–9)
	47%
	Vac+
	392
	0.8
	1.1
	24.6

	
	
	
	
	
	Vac–
	353
	9.2
	8.4
	24.7

	Schlecht 2012
[58]
	NY, USA
Women
12–19
Clinical HR
	Prevalence (graph)
	
	2007
	
	
	16
	18
	31
	33
	35
	39
	45
	52
	58
	59
	68

	
	
	
	2010
(3)
	79.5% (50.7% with 3 doses)
	Vac+
	327
	2.1
	0.8
	1.9
	0.9
	2.1
	3.1
	0.6
	5.9
	5.3
	1.9
	2.8

	
	
	
	
	
	Vac–
	137
	6.1
	3.9
	4.6
	0.8
	1.5
	3.9
	3.1
	3.9
	4.6
	3.9
	2.3



Table S4. Continued
	1st author,
yr published
(ref)
	Subjects:
country, sex, age (yr), sample source
	Measure 
of effect
	Collection year (yr postvaccine introduction)
	Yr vaccine introduced% vaccine coverage
	Sub- group
	Sample size
	HPV-genotype prevalence (%)

	
	
	
	
	
	
	
	Vaccine
	Nonvaccine

	Shilling 2021
[59]
	Australia
Women
18–35
Clinical
	Prevalence
	
	April 2007
	
	
	6/11/16/18
	All except 31/33/45
	31/33/45

	
	
	
	2015–2018
(8–11)
	77.7%
	Vac+
	1216
	2.0
	40.2
	3.8

	
	
	
	
	
	Vac–
	348
	5.5
	34.8
	6.6

	Tabrizi
2012
2014
[39,40]
	Australia
Women
18–24
Clinical
	Prevalence
	
	April 2007
	
	
	6/11/16/18
	HR
	31/33/35/45

	
	
	
	2010–2011
(3–4)
	83.7%
	Vac+
	338
	5.0
	30.8
	7.7

	
	
	
	
	
	Vac–
	57
	15.8
	35.1
	15.8

	
	
	
	2010–2012
(3–5)
	86.0%
	Vac+
	518
	2
	34
	6

	
	
	
	
	
	Vac–
	149
	19
	39
	15

	Wendland 2021
[60]
	Brazil
Women
16–25
General population
	Prevalence
	
	2014
	
	
	6/11/16/18
	HR

	
	
	
	09/2016–11/2017
(2–3)
	
	Vac+
	677
	6.76
	40.47

	
	
	
	
	11.9%
	Vac–
	5268
	15.64
	32.63

	Woestenberg
2018
[61]
	Netherlands Women
16–24
Sexual health clinics
	Prevalence (graph)
	
	2009
	
	
	16
	18
	31
	33
	35
	39
	45
	51
	52
	56
	58
	59

	
	
	
	2011-2015
(2-6)
	59.7%
	Vac+
	649
	0.9
	0.9
	3.4
	2.3
	1.1
	6.0
	0.5
	24.0
	12.0
	10.3
	2.4
	5.7

	
	
	
	
	
	Vac–
	438
	12
	6.6
	7.1
	3.1
	3.1
	7.4
	3.1
	24.6
	17.7
	8.3
	3.4
	3.1

	Wright 2019
[62]
	USA
Women
21–34
Clinical
	Prevalence 
by age subgroup*:
a: 21–24
b: 25–29
c: 30–34
	
	End 2006–2007
	
	
	16/18
	31
	33/58
	35/39/68
	56/59/66
	HR
	45/51/52/35/39/56/59/66/68

	
	
	
	8/26/2013–6/12/2015
(6–8)
	a: 37.4%
b: 22.4%
c: 7.4%
	Vac+
	a: 1424
b: 1187
c: 366
	a: 1.3
b: 2.5
c: 2.5
	a: 1.5
b: 1.0
c: 1.9
	a: 3.0
b: 1.5
c: 0
	a: 7.8
b: 5.5
c: 3.6
	a: 10.8
b: 6.1
c: 4.6
	a: 25.7
b: 17.4
c: 10.1
	a: 21.6
b: 14.8
c: 8.2

	
	
	
	
	
	Vac–
	a: 2380
b:4118
c: 4678
	a: 7.7
b: 6.4
c: 4.2
	a: 2.6
b: 2.4
c: 2.1
	a: 3.4
b: 2.6
c: 1.7
	a: 7.9
b: 5.2
c: 3.5
	a: 9.0
b: 5.2
c:3.7
	a: 24.0
b: 16.7
c: 11.9
	a: 19.1
b: 12.4
c: 8.4


HPV: human papillomavirus; HR: high risk; NV: nonvaccine genotypes; V: vaccine genotypes; Vac+: vaccinated; Vac–: unvaccinated; INSP: Institut National de Santé Publique. 
* Lower case letters refer to age groups.
Reviewed studies providing prevalence of NV genotypes without distinguishing them from V genotypes, were not reported in the table.
Figures in bold are those used in Figure 3 of the main text.


[bookmark: _Toc119682008]Sensitivity analysis of the impact of strength of interaction
For ease of comparison, Figure S2 (top panel) displays absolute prevalence-difference values, |, at various times after vaccine introduction. Results are shown for NV genotypes, with positive differences for competitive scenarios ( < 1) and negative differences for synergistic scenarios ( > 1). Results are not shown for V genotypes, whose differences were similar, regardless of the interaction strength applied.
	[image: ]

	[bookmark: _Toc115519849]Figure S2. NV-genotype–prevalence differences (A–C in absolute values) and corresponding sample sizes (D–F) according to interaction strength at 5 (A & D), 10 (B & E) or 20 years (C & F) after vaccine introduction. Results shown are medians and 90% empirical intervals over 100 simulations. For synergistic values, prevalence differences are negative; they are presented here as absolute values to facilitate comparability.



[bookmark: _Toc119682009]Minimum sample size of an existing prevaccine study 
Through the postvaccine prevalence P1, the prevaccine sample size depends on immunization coverage and time since vaccine introduction (Figure S3). With 40% vaccine coverage, detection of prevalence differences 20 years after vaccine introduction would require a median prevaccine sample of 12,531 individuals under the weakest interaction-strength scenario. Under the stronger competitive interaction, this required sample size is reduced to values lower than 1730 women. 
	[image: ]

	[bookmark: _Toc115519850]Figure S3. Sample size in prevaccine era for post-vs-prevaccine design according to time since vaccine introduction, strength of interaction and vaccine coverage. The dashed vertical line at 15 years indicates when all age cohorts have been offered the vaccine. Results shown are median values and 90% empirical intervals over 100 simulations. 






[bookmark: _Toc119682010]Analyzing the dynamics according to sexual activity for a single NV genotype 

	[image: ]

	[bookmark: _Toc115519851]Figure S4. NV-genotype–prevalence difference (A, B) and corresponding sample size (C, D) over time in the case of strong competitive (0.5; A, C) and synergistic (1.5; B, D) interactions (γ) according to the individual’s number of partners during the past year, the epidemiological study design (post-vs-pre or vaccinated-vs-unvaccinated), and vaccine coverage. The dashed vertical line at 15 years indicates when all age cohorts have been offered the vaccine. The results shown are medians and 90% empirical intervals over 100 simulations. 



In the single NV-genotype analysis, the NV-prevalence difference was more pronounced among individuals with >3 partners than among those with 1–3 partners, regardless of the epidemiological study design and vaccine coverage (Figure S4A and B).
Prevalence differences among individuals with >3 partners were observed earlier for the vaccinated-vs-unvaccinated comparison and remained more pronounced for vaccine coverage ≤40% 15 years after vaccine introduction. Interestingly, required sample sizes were smaller, compared to the analysis for individuals with 1–3 partners or the general population, especially for the vaccinated-vs-unvaccinated comparison, which required a very large number of subjects to show a statistically significant prevalence difference (Figure S4C and D). For example, for 60% vaccine coverage 15 years after vaccine introduction, the median sample sizes for individuals with >3 partners were, respectively for competitive and synergistic interactions, 1,518 and 875 women for the post-vs-prevaccine comparison (total sample size of 9,130 and 6,277 women) and 1,402 and 682 women for the vaccinated-vs-unvaccinated comparison (total sample size of 64,039 and 69,709 women).
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