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	Country
	Cancers
	Population size
	ASIR
	Life expectancy
	HIV prevalence (F15-49)

	Nigeria
	11787
	218,625,385
	18.4
	53
	1.80%

	Ethiopia
	7445
	121,922,416
	21.5
	65
	1.10%

	DRC
	7772
	96,511,548
	31.9
	60
	0.90%

	Tanzania
	5234
	63,931,876
	62.5
	66
	5.70%

	South Africa
	10698
	61,081,076
	35.3
	65
	24.50%

	Kenya
	5234
	56,645,588
	31.3
	63
	5.40%

	Uganda
	6959
	49,333,704
	56.2
	63
	6.60%

	Angola
	3195
	35,405,823
	37.6
	62
	2.10%

	Mozambique
	5313
	33,413,232
	50.2
	61
	10%

	Ghana
	2797
	32,642,373
	27.4
	64
	2.40%

	Madagascar
	3760
	29,434,823
	41.2
	65
	0.40%

	Cameroon
	2770
	28,161,144
	33.7
	61
	3.90%

	Côte d'Ivoire
	2067
	27,974,485
	31.2
	59
	2.70%

	Niger
	622
	26,412,604
	10.4
	61
	0.20%

	Burkina Faso
	1132
	22,313,534
	18.2
	60
	0.80%

	Mali
	1932
	21,691,072
	36.4
	59
	0.90%

	Malawi
	4145
	20,341,255
	67.9
	64
	9.40%

	Zambia
	3161
	19,652,620
	65.5
	62
	13.80%

	Senegal
	1937
	17,826,571
	36.3
	68
	0.40%

	Chad
	890
	17,589,364
	20.2
	53
	1.30%

	Somalia
	1055
	16,985,528
	25.1
	56
	0.10%

	Zimbabwe
	3043
	15,378,243
	61.7
	61
	14.40%

	Guinea
	2068
	14,008,576
	50.1
	59
	2%

	Rwanda
	1229
	13,736,863
	28.2
	67
	3%

	Benin
	560
	12,902,012
	15.1
	60
	1.10%

	Burundi
	1581
	12,767,455
	49.3
	62
	1.20%

	South Sudan
	711
	11,504,110
	20.5
	55
	2.60%

	Togo
	455
	8,751,274
	19.1
	61
	2.50%

	Sierra Leone
	504
	8,368,970
	21.2
	60
	1.80%

	Congo
	350
	5,849,868
	22.4
	64
	5.60%


Caption: key features of the modeled countries.
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Caption: Model-simulated shares of females (pink) and males (blue) in each age bracket in 2020, alongside data from the UN WPP [X] (black dots).

[bookmark: _Toc137836018]Figure S2. Share of females who ever had sex by age
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Caption: For each country, we collate data from DHS surveys (see sources below) on the proportion of girls/women who report ever having had sex by age 15, 18, 20, 22, and 25 (blue dots) and the median age at first sex (orange dots). We then treat these data points as quantiles of a lognormal distribution, and estimate the mean and standard deviation for each, which gives us an inferred distribution of the age of sexual debut (black dotted lines). Finally, we input these inferred distributions into the model for each country, and output the simulated proportion of females who ever had sex by age, following cohorts of women over the course of their lives from age 0-30 (blue lines).
Data sources: Angola 2015-16 (1); Benin 2017-18 (2); Burkina Faso 2010 (3); Burundi 2016-17 (4); Cameroon 2018 (5); Chad 2014-15 (6); Congo 2015-16; DRC 2013-14 (7); Ethiopia 2016 (8); Ghana 2014 (9); Guinea 2018 (10) Kenya 2014 (11); Madagascar 2021 (12); Malawi 2015-16 (13); Mali 2018 (14); Mozambique 2015 (15); Niger 2012 (16); Nigeria 2018 (17); Rwanda 2019-20 (18); Senegal 2019 (19); Sierra Leone 2019 (20); South Africa 2016 (21); Tanzania 2015-16 (22); Togo 2013-14 (23); Uganda 2016 (24); Zambia 2018 (25); Zimbabwe 2015 (26). Data on the share of girls/women ever having had sex by age was not available for Cote d’Ivoire, Somalia, Sudan, or South Sudan. For these 4 countries, we assumed that the distribution of ages of sexual debut was the same as for Ethiopia. 


[bookmark: _Toc137836019]Figure S3. Sexual mixing matrices
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Caption: For each country, we input sexual mixing matrices that determine the probability of females of a given age selecting partners of each given age. The heatmap here represents a histogram showing the densities of simulated marital-type relationships between males and females by age for Angola (selected for illustrative purposes). In some DHS surveys, data are available on the proportion of females aged 15-19 who’ve had sex in the last 12 months with a partner 10+ years older than them, however we deemed this data to be subject to an unacceptable degree of reporting error and have chosen not to use it directly. Therefore, our sexual mixing matrices for each country are assumptions; in general, we assume that females are more likely to partner with males who are the same age or older than them, and less likely to partner with younger males.


[bookmark: _Toc137836020]Figure S4. Age differences between partners
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Caption: Densities of the simulated differences between the ages of male and female sexual partners.
[bookmark: _Toc137836021]Figure S5. Share of females married by age
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Caption: For each country, we collate data from DHS surveys (see sources below) on the proportion of girls/women married by age 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, and 45-49 (blue dots). We then find marriage incidence rates for each country to match these data points. The box plots summarize the simulated proportion of females in marriage-like relationships every 5 years measured from 1985-2020. 
Data sources: Angola 2015-16 (1); Benin 2017-18 (2); Burkina Faso 2010 (3); Burundi 2016-17 (4); Cameroon 2018 (5); Chad 2014-15 (6); Cote d’Ivoire 2011-12 (27); Congo 2015-16; DRC 2013-14 (7); Ethiopia 2016 (8); Ghana 2014 (9); Guinea 2018 (10) Kenya 2014 (11); Madagascar 2021 (12); Malawi 2015-16 (13); Mali 2018 (14); Mozambique 2015 (15); Niger 2012 (16); Nigeria 2018 (17); Rwanda 2019-20 (18); Senegal 2019 (19); Sierra Leone 2019 (20); South Africa 2016 (21); Tanzania 2015-16 (22); Togo 2013-14 (23); Uganda 2016 (24); Zambia 2018 (25); Zimbabwe 2015 (26). Data on the share of girls/women ever having had sex by age was not available for Somalia or South Sudan. For these 2 countries, we assumed that the proportions of females married by age was the same as for Ethiopia. 


[bookmark: _Toc137836022]Figure S6. Females with 1+ casual partner by age
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Caption: For each country, we plot the simulated percentages of sexually-active females aged 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, and 45-49 who had 1, 2, or 3+ casual partners over 2020 (shown by blue, orange, and green bars, respectively). Alongside this, we plot data from DHS surveys on the percentage of women who reported sex with at least one non-marital, non-cohabiting partner in the last 12 months (black diamonds). We do not try to calibrate the model to the DHS data as we consider it to be subject to reporting errors. 
Data sources: Angola 2015-16 (1); Benin 2017-18 (2); Burkina Faso 2010 (3); Burundi 2016-17 (4); Cameroon 2018 (5); Chad 2014-15 (6); Cote d’Ivoire 2011-12 (27); DRC 2013-14 (7); Ethiopia 2016 (8); Ghana 2014 (9); Guinea 2018 (10) Kenya 2014 (11); Madagascar 2021 (12); Malawi 2015-16 (13); Mali 2018 (14); Mozambique 2015 (15); Niger 2012 (16); Nigeria 2018 (17); Rwanda 2019-20 (18); Senegal 2019 (19); Sierra Leone 2019 (20); South Africa 2016 (21); Sudan 1989-90 (28); Tanzania 2015-16 (22); Togo 2013-14 (23); Uganda 2016 (24); Zambia 2018 (25); Zimbabwe 2015 (26). 

[bookmark: _Toc137836023]Table S2. Genotype transmissibility and immunity

	
	HPV16
	HPV18
	Hi52
	OHR3

	Transmissibility parameters
	
	
	
	

	Relative transmissibility to HPV16
	1 (base)
	rꞵ18
	rꞵhi5
	rꞵohr

	Immunity parameters
	
	
	
	

	Protection1 against ↓ after infection by →
	
	
	
	

	HPV16
	1
	ꭓH
	ꭓH
	ꭓH

	HPV18
	ꭓH
	1
	ꭓH
	ꭓH

	Hi5
	ꭓL
	ꭓL
	1
	ꭓL

	OHR
	ꭓL
	ꭓL
	ꭓL
	1


Notes: 
1. An individual who clears infection and seroconverts is assigned a level of immunity to the genotype just cleared, nab_immj,g, drawn from a beta distribution with mean of 0.35 and variance of 0.025, derived based upon a meta-analysis of natural acquired immunity. By default, this value stays constant over time, i.e. we do not model waning immunity, although simulations can be configured to include waning immunity with a specified decay function if desired (in which case nab_immj,g can be replaced by nab_immj,g(t)). The individual j’s degree of protection against infection from any genotype  is then calculated using the values in this cross-immunity matrix, as
 
where ximmi,h is the entry from the i-th row and h-th column of the cross-immunity matrix ximm in Table S3. The entries ꭓL and ꭓH refer to low and high cross-immunity, respectively. Our assumption is that infection with HPV 16 or 18 confers relatively higher cross immunity against infection with other types, whereas infection with other types confers relatively less cross-immunity.
2. Hi5: Pooled group consisting of 31, 33, 45, 52, and 58.



3. OHR: Pooled group consisting of 35, 39, 51, 56, and 59.



[bookmark: _Toc137836024]Table S3. Prior distributions for calibration parameters

	Parameter
	Description
	Prior distribution
	Number of parameters

	μg


	Mean duration of infection prior to clearance, control, or transformation (years)
	U(2,5)
	4

	σg


	Standard deviation of the duration of infection prior to clearance, control, or transformation (years)
	U(4,15)
	4

	kg

	Aggressiveness parameter that determines how quickly the number of cells with oncogenic potential grows 
	16 & 18: U(0.1,0.4)
Hi5 & OHR: U(0.05, 0.2)
	4

	tpg


	Probability of an individual cell with oncogenic potential becoming cancerous
	16 & 18: U(4e-10, 2e-9)
Hi5 & OHR: U(2e-10, 6e-10)

	4

	rꞵg


	Relative transmissibility (compared to HPV 16)
	rꞵ18: U(0.7, 1.25)
rꞵHi5: U(0.7, 1.25)
rꞵOHR: U(0.7, 1.25)
	3

	ꭓL
	Low cross-immunity (Table S2)
	U(0.2,0.6)
	1

	ꭓH
	High cross-immunity (Table S2)
	U(0.4,0.9)
	1

	
	
	Total
	21



[bookmark: _Toc137836025]Figure S7. Outputs from unconstrained calibrations
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Caption: Model estimates generated from the top 50 best-fitting parameter sets from the unconstrained calibrations (box plots) along with data from GLOBOCAN on the distribution of cervical cancer by age.

[bookmark: _Toc137836026]Figure S8. HIV prevalence and immunocompromise


[bookmark: _xd2e8qm6ufcv][image: ]
Caption: Scatter plot showing the relationship between HIV prevalence in women aged 15-49 (UNAIDS estimates) and the mean immunocompromise parameter (vc in Equation 4). We estimate a Pearson correlation coefficient of 0.5 (p=0.01).
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