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[bookmark: _Toc57896599]Table S1: Parameter inputs used for simulations
	Symbol 
	Parameter
	Female value(s)
	Male value(s)
	Sources	

	
	Population size
	Product of the three quantities below. Note that observed changes in population size and composition result from annual fluctuations in past birth and migration rates and stochasticity in the YRBS sample. To smooth these, we calculated total HS-attending population and breakdown by age and race/ethnicity, each averaged across surveys, and the grand mean for proportion by sex. We then multiplied these to obtain age-sex-race/ethnicity-year-specific population sizes. 

	
	- Overall composition by sex
	49.3%
	50.7%
	Youth Risk Behavior Survey (YRBS); total weights for each sex; averaged across 2007-17 survey years. 

	
	- Mean size of HS-attending population
	17,139,294
	US Census Bureau, American Community Survey table B14001: “School enrollment by level of school for the population 3 years and over”; averaged across years 2007-17.

	`
	- Prop. of HS students by race/ethnicity and age

		Age
	Black
	Hisp.
	White

	 13a
	0.02%
	0.02%
	0.04%

	14
	1.62%
	2.48%
	5.77%

	15
	3.56%
	5.32%
	13.98%

	16
	3.66%
	5.18%
	14.54%

	17
	3.27%
	4.55%
	14.12%

	18
	2.00%
	2.67%
	8.25%



	Youth Risk Behavior Survey (YRBS); total weights for each group; averaged across 2007-17 survey years.  Note that numbers add to 91% instead of 100% because students may identify as a race/ethnicity other than the three included in this model.

	
	Prop. of HS students who report having ever had sex
	See Table S5a
	See Table S5b
	Specific values for each age-sex-race/ethnicity-year combination, derived through regressions from YRBS data as described in text

	
	STI prevalence
	When y=2007, prevalence (in and out of HS) is calculated as follows: initial diagnoses x mean duration of infection/ prop. diagnosed / mean size of the pop. aged 13a-18. Because STI diagnoses in CDC data are not limited to those in HS, we estimate diagnoses in the 13a-18-year age range and divide by the total population (in or out of HS) of the same age to obtain an estimate of prevalence. All other subsequent calculations in the model are then limited to HS students only.

	
	- Initial diagnoses (in and out of HS)
	Chlamydia: 
     Black: 121,114
     Hispanic: 53,418  
     White: 67,542
Gonorrhea:
     Black: 37,199
     Hispanic: 5,303
     White: 9,495
	Chlamydia: 
     Black: 33,260
     Hispanic: 10,630
     White: 8,649
Gonorrhea:
     Black: 20,049
     Hispanic: 2,475
     White: 1,948
	Derived from CDC’s 2007 STD Surveillance Report.1 Since this reports initial diagnoses in fixed age groups (10-14, 15-19), we re-weighted the numbers by age to obtain estimates for the 13a-18 year age range. 

	
	- Mean duration of infection (years)
	Chlamydia: 0.69
Gonorrhea: 0.46
	Chlamydia: 0.41
Gonorrhea: 0.23
	Satterwhite et al. (2013).2 See teen-SPARC manual for further information (www.emorycamp.org/teensparc).

	
	- Prop. of infections that are diagnosed
	Chlamydia: 45.0%
Gonorrhea: 52.3%
	Chlamydia: 23.4%
Gonorrhea: 49.0%
	Owusu-Edusei et al. (2013).3  See teen-SPARC manual for further information (www.emorycamp.org/teensparc). We use proportion diagnosed as a first approximation for the proportion that are reported, recognizing that this is likely biased.

	
	- Mean size of the pop. aged 13a-18, in or out of HS
	Black: 1,805,113
Hispanic: 2,677,875
White: 6,875,477
	Black: 1,898,397
Hispanic: 2,816,260
White: 7,230,785
	US Census Bureau American Community Survey, table name “Annual Estimates of the Resident Population by Single Year of Age and Sex;” averaged across years 2007-17

	
	
	For subsequent years (2008-2017), prevalence is the product of the previous year incidence  and the mean duration of infection listed above. Note that the expression  that appears in the equation for incidence entails multiple unique features, since it is referring to the partners of the group whose incidence is being calculated: its value for sex is the opposite for the terms in the remainder of the equation; the dot () for age indicates that this quantity should be a weighted average across ages for the relevant sex; and the  indicates partner race.

	
	Prob. of chlamydia or gonorrhea acquisition per act of condomless intercourse with an infected partner
	Chlamydia: 0.12
Gonorrhea: 0.50
	Chlamydia: 0.11
Gonorrhea: 0.25
	Median of estimates obtained during literature search; see online supplement for full set of citations, with more information in Table S2.

	
	Partner prevalence ratio
	See Table S6
	See Table S6
	Generated as a calibration parameter, as described in the text

	
	Num. of condomless acts per year
	Function of three quantities: partners x acts x (1 – condom use):

	
	- partners per year
	See Table S5a
	See Table S5b
	Specific values for each age-sex-race/ethnicity-year combination, derived through regressions from YRBS data as described in text

	
	- mean acts of SI per partner 
	13a-15-year-olds: 9.4
16-17-year-olds: 24.7
18-year-olds: 46.7
	13a-15-year-olds: 11.9
16-17-year-olds: 19.3
18 -year-olds: 29.3
	Derived from the National Survey of Family Growth (NSFG) as described in the teen-SPARC manual (www.emorycamp.org/teensparc). Note that YRBS does not include data on coital frequency.

	
	- prob. of condom use
	See Table S5a
	See Table S5b
	Specific values for each age-sex-race/ethnicity-year combination, derived through regressions from YRBS data as described in text


	
	
	We note that our formula here collapses all across partners, making multiple acts with one partner equivalent to few acts with more partners. This is because, for short, curable STIs like gonorrhea and chlamydia, a single partner might actually move through multiple states (e.g. uninfected, infected, uninfected) over the course of a relationship with one partner. See the teen-SPARC manual (www.emorycamp.org/teensparc) for more discussion.

	
	Proportion of partners by race/ethnicity
	Black: 88% B, 9% H, 3% W
Hispanic: 11% B, 74% H, 15% W
White: 6% B, 11% H, 83% W
	Black: 76% B, 12% H, 12% W
Hispanic: 3% B, 80% H, 17% W
White: 1% B, 9% H, 90% W
	National Survey of Family Growth (NSFG), 2006-2015.  Note that YRBS does not include data on partner race/ethnicity.


a We included 13-year-olds throughout the process of developing and parameterizing the model. However, their very small size and low rates of sexual activity meant that some of their behavioral estimates showed wide variation from year to year. For this reason, we ultimately excluded them from our final modeling analyses. A comparison including them revealed that the estimates of total infections averted differed by less than 0.03%.
Abbreviations: B = Black, H = Hisp. = Hispanic, W = White, HS = high school
Subscripts: s = sex (with values f = female, m = male), a = age, r =  race for index person,  = race for partner;  y = year



[bookmark: _Toc57896600]Literature review for STI transmission probabilities


We conducted a literature review in PubMed for sources estimating per-contact penile-vaginal transmission risk for chlamydia or gonorrhea empirically or through model calibration, and from which estimates are cited and used in the current modeling literature. We used the following keywords in various combinations: Chlamydia trachomatis, Neisseria gonorrhea, transmission, transmissibility, acquisition risk, infection, model. All years and source types present in PubMed were eligible for inclusion. Additionally, any sources that were referenced in the entries found by this search (but not themselves included in the search results) and that estimated or used transmissibility parameters were also evaluated. The most common reason why sources were excluded after initial identification was because they estimated per-partnership transmission risk or yearly acquisition risk, while we were interested in the per-contact risk of transmission.  Although we were open to inclusion of sources that produced estimates disaggregated by age or other demographic predictors relevant to our model, no identified sources provided numerical estimates of this type.

Our final set of papers included 20 papers that had estimates for penile-vaginal CT transmissibility,4-23 and 16 papers that had estimates for penile-vaginal GC transmissibility.5,7-9,11,12,16,20,23-30 Nine of those papers considered both diseases, and thus were included in both analyses. The median and range of values obtained from this literature review are listed in Table S2. One additional paper 31 was inadvertently excluded from the set of papers providing chlamydia estimates, a fact identified after the completion of the modeling. We note that this paper provided a joint estimate for female-to-male and male-to-female transmission; their median estimate from their main analysis is 0.095, close to the median of our review and well within the measured range. 



[bookmark: _Toc57896601]Table S2: Per-act transmission probabilities for chlamydia and gonorrhea identified in literature search

	STI (n = number of papers identified)
	Chlamydia (n = 20)
	
	Gonorrhea (n = 16)

	
	Median
	Range
	
	Median
	Range

	Female to male (ins. penile-vaginal)
	0.11
	0.0375 – 0.45
	
	0.25
	0.09 – 0.6

	Male to female (rec. penile-vaginal)
	0.12
	0.049 – 0.45
	
	0.50
	0.2 – 0.8





[bookmark: _Toc57896602]Costs

Our costing methods included 3% annual compounding; for clarity, we present here both the uncompounded and compounded rates.  We also include the values used to create a range of uncertainty in the costs (worst-case scenario = 50% of costs caved; best-case scenario = 150% of costs saved).


[bookmark: _Toc57896603]Table S3. Medical costs saved per case of chlamydia and gonorrhea averted (2017 dollars)
	
	Chlamydia

	
	Female
	
	Male

	
	Uncompounded costs ($)
	Compounded costs ($)
	Compounded costs (+/- 50%, $)
	
	Uncompounded costs ($)
	Compounded costs ($)
	Compounded costs (+/- 50%, $)

	2007-2008
	445.45
	581.20
	290.60-871.81
	
	36.71
	47.90
	23.95-71.85

	2008-2009
	445.45
	564.28
	282.14-846.41
	
	36.71
	46.51
	23.25-69.76

	2009-2010
	445.45
	547.84
	273.92-821.76
	
	36.71
	45.15
	22.58-67.73

	2010-2011
	445.45
	531.88
	265.94-797.83
	
	36.71
	43.84
	21.92-65.75

	2011-2012
	445.45
	516.39
	258.20-774.59
	
	36.71
	42.56
	21.28-63.84

	2012-2013
	445.45
	501.35
	250.68-752.03
	
	36.71
	41.32
	20.66-61.98

	2013-2014
	445.45
	486.75
	243.37-730.12
	
	36.71
	40.12
	20.06-60.18

	2014-2015
	445.45
	472.57
	236.29-708.86
	
	36.71
	38.95
	19.47-58.42

	2015-2016
	445.45
	458.81
	229.40-688.21
	
	36.71
	37.81
	18.91-56.72

	2016-2017
	445.45
	445.45
	222.72-668.17
	
	36.71
	36.71
	18.36-55.07

	
	
	
	
	
	
	
	

	
	Gonorrhea

	
	Female
	
	Male

	
	Uncompounded costs ($)
	Compounded costs ($)
	Compounded costs (+/- 50%, $)
	
	Uncompounded costs ($)
	Compounded costs ($)
	Compounded costs (+/- 50%, $)

	2007-2008
	433.21
	565.24
	282.62-847.86
	
	96.68
	126.14
	63.07-189.21

	2008-2009
	433.21
	548.77
	274.39-823.16
	
	96.68
	122.47
	61.23-183.70

	2009-2010
	433.21
	532.79
	266.40-799.19
	
	96.68
	118.90
	59.45-178.35

	2010-2011
	433.21
	517.27
	258.64-775.91
	
	96.68
	115.44
	57.72-173.15

	2011-2012
	433.21
	502.21
	251.10-753.31
	
	96.68
	112.07
	56.04-168.11

	2012-2013
	433.21
	487.58
	243.79-731.37
	
	96.68
	108.81
	54.40-163.21

	2013-2014
	433.21
	473.38
	236.69-710.07
	
	96.68
	105.64
	52.82-158.46

	2014-2015
	433.21
	459.59
	229.79-689.38
	
	96.68
	102.56
	51.28-153.85

	2015-2016
	433.21
	446.20
	223.10-669.31
	
	96.68
	99.58
	49.79-149.36

	2016-2017
	433.21
	433.21
	216.60-649.81
	
	96.68
	96.68
	48.34-145.01

	Note. Compounded costs are the future (2017) value of the medical costs saved per case averted in a given year and compounded at 3% annually.




[bookmark: _Toc57896604]Regression methods

We conducted regressions with each of the three behavioral variables as outcomes and with the four dimensions of behavioral variation (age, sex, race/ethnicity, year) as predictors.  We conducted logistic regression for those behaviors with binary outcomes (having ever had SI, of condom use) and Poisson regression for count data (number of new partners per year). We confirmed a lack of over-dispersion for the Poisson regression using Dean’s test. We note that these predictive models serve only to provide smoothed, parametric estimates of mean values of each behavior for each entry in the four-way stratification (sex, age, race/ethnicity, year).  The simulation model that these predicted values are used in does not actually track individuals, but only counts of people in different states (i.e. the model is “compartmental” rather than “individual-based”, in the language of epidemic modeling). Thus, for example, the full distribution of the number of new partners per year is never drawn from, as it would be in an individual-based model; we merely use the mean value for each entry in the four-way stratification and apply it as a population average for that group.  This means that the exact form of the distribution around the mean is of less significance than it would be for an individual-based model. We also note that these regressions are not designed to identify the proximal or distal causal determinants of the behavioral measures, of which there are many.

For having ever had SI and condom use, we parametrized age as a nominal variable since our data were sufficient to allow this full specification, and we confirmed that the AIC for this model was lower than for two commonly used parametric models that we examined (age as numerical; age and age squared as numerical). Our choices for number of new partners per year were more constrained.  This metric was required for model simulation given the nature of this dynamic process with annual steps; however, our data came in the form of current age, age at first sexual intercourse, and lifetime number of partners. We thus back-calculated estimates of number of new partners per year from the partner data provided by all combinations of students by current and first-sex ages (see ref. 32 for details). However, because this method is imperfect, and cannot precisely assign each partner to a specific age, we erred on the side of not over-specifying the model by allowing each age to be estimated separately in the regression.  Moreover, this method does not provide a clean estimate for the highest age (here, 18), since respondents have not yet completed that age, and the dynamics of partnership counts per year do not aggregate up neatly from parts of years to years, unlike our other measures, given that partnerships have durations (i.e. it is common for someone to have 1 partner in the last month, 1 partner in the last 6 months, and 1 partner in the last year).  We thus required a method that allowed us to extrapolate out through the end of age 18.  We compared the same two parametric models as above (age as numerical; age and age squared as numerical), and confirmed that the latter had both lower AIC and greater visual fit to the data.  We also note that it has a reasonable interpretation here – although one might expect mean partner numbers per year to increase by age across adolescents, here the measure is conditional on having ever had sex.  Thus, the pool of students included in the measure continually increases by age, progressively incorporating students who have their first sex at later ages and are thus less sexually precocious as those included at younger ages. This thus provides a counter-mechanism that could lead to reductions in mean partner counts among those sexually active by age. The two terms (age and age squared) allow for these countervailing processes to both be accounted for.

We included 13-year-olds throughout the process of developing and parameterizing the model, including the regression models. However, their very small size and low rates of sexual activity meant that some of their behavioral estimates showed wide variation from year to year. For this reason, we ultimately excluded them from our final modeling analyses. A comparison including them revealed that the estimates of total infections averted differed by less than 0.03%.


[bookmark: _Toc57896605]Calibration methods

Calibration was performed in order to obtain reasonable model outcomes in the absence of behavior change.  We assumed that such a scenario would have generated stable incidence from year to year.  The calibration parameter set comprised the six race- and sex-specific “partner prevalence ratios” (PPR), as described in the main text.  Our target data did not disaggregate STI burden (incidence or diagnoses) by the specific age groups used in the model; thus, the calibration process served the second goal of determining a distribution for these that was consistent with overall diagnoses for this age range and with the distributions of sexual behavior by age. For each of the two STIs, the calibration process consisted of the following steps:

1. Set a uniform prior range of 0 to 15 for each of the six PPRs.
2. Randomly distribute the initial incident cases, as estimated from 2007 and sex- and race-specific diagnosis counts and rates, across ages (but within sex and race/ethnicity groups)
3. Conduct a sequential sampling ABC using the Beaumont method,32 as implemented in the R package EasyABC. This consists of running the following steps 13 times, with increasingly strict requirements for the match in incidence across years at each step:
a. Randomly drawing 100 sets of PPRs randomly from the prior distributions
b. Simulating one year of the epidemic using the equation in the main text
c. Calculating incidence for each age-, sex- and race-ethnicity group, and summing across ages.
d. Comparing these age sums to initial incidence data
e. Determining weights for each parameter set as a function of the similarity in incidence numbers across the two years, and generating a new prior distribution.
4. Simulate a population forward one year using the best-fitting set of PPRs from the final round of Step 3
5. Use the age-specific incidence numbers that resulted from Step 4 as a starting point to conduct another round of ABC all over again, this time comparing age-, race-, and sex-specific incidence across years.
6. Adopt the best-fitting set of PPRs from Step 5 for the model.  
7. Simulate a population forward one year using the selected PPRs to get the starting age- sex- and race-specific incidence numbers.		
[bookmark: _Toc57896606]Regression estimates for sexual behavior trends

Table S4 lists the coefficients from the regression models, as well as the odds ratios (for logistic regression) and incidence rate ratio (for Poisson regression) for all coefficients other than the intercept, for ease of interpretation. All predictors for having ever had SI were significant, with the odds ratio generally increasing with age.  The odds ratio for year was significantly below 1, confirming the previous finding of increasingly delayed sexual initiation over time during this decade.33  The odds ratios below 1 for Hispanic and White students, combined with those above 1 on their interactions with year, suggest that these two groups initially had lower proportions who had ever had intercourse than Black students, but that Black rates subsequently fell faster.  

Condom use generally fell with age (with older ages significant and younger ones not, given the latter’s small sample sizes since only those having had sex were included here).  Once again, the odds ratio for year was significantly below 1 for both sexes (declining condom use with time), with main effects below 1 for Hispanic and White students (less condom use than Black students initially), but with interaction effects above 1 for each with year (i.e. less steep declines).

Mean number of new partners per year does not show a significant overall decline, even as the incidence rate ratio on year is below 1 for both sexes (as a reminder, this metric is conditional on having ever had sex).  The significant increasing effect of age and decreasing effect of age-squared yield an increasing number of partners per year over the age range considered, albeit one that begins to plateau.  Interaction effects between race/ethnicity and year are mixed, with statistically significant decreases among Hispanic male students and statistically significant increases among White female students, although both with small effect sizes.


[bookmark: _Toc57896607]Table S4: Regressions on sexual behavior trends in YRBS

	
	a) Having ever had sexual intercourse (SI) (1)
	

	
	female students
	
	
	male students
	

	
	β coef.
	SE
	p-value
	odds ratio exp(β)
	
	est.
	SE
	p-value
	odds ratio exp(β)

	Intercept
	0.428
	0.050
	<0.001
	
	
	0.715
	0.051
	<0.001
	

	age 13 (2)
	-2.210
	0.619
	<0.001
	0.110
	
	-0.800
	0.397
	0.044
	0.449

	age 14
	-1.287
	0.044
	<0.001
	0.276
	
	-0.978
	0.043
	<0.001
	0.376

	age 15
	-0.630
	0.030
	<0.001
	0.533
	
	-0.497
	0.030
	<0.001
	0.608

	age 16
	Ref.
	
	Ref.

	age 17
	0.459
	0.029
	<0.001
	1.582
	
	0.533
	0.029
	<0.001
	1.704

	age 18
	0.760
	0.035
	<0.001
	2.138
	
	0.757
	0.033
	<0.001
	2.132

	year (3)
	-0.104
	0.008
	<0.001
	0.901
	
	-0.091
	0.008
	<0.001
	0.913

	Black
	Ref.
	
	Ref.

	Hispanic
	-0.528
	0.063
	<0.001
	0.590
	
	-0.549
	0.063
	<0.001
	0.578

	White
	-0.623
	0.053
	<0.001
	0.536
	
	-1.142
	0.053
	<0.001
	0.319

	Hispanic:year (3)
	0.065
	0.011
	<0.001
	1.067
	
	0.028
	0.010
	0.007
	1.028

	White:year (3)
	0.072
	0.009
	<0.001
	1.075
	 
	0.069
	0.009
	<0.001
	1.071

	
	
	
	
	
	
	
	
	
	

	
	b) Condom use at last sexual intercourse (SI) (1)
	

	
	female students
	
	
	male students
	

	
	β coef.
	SE
	p-value
	odds ratio exp(β)
	
	est.
	SE
	p-value
	odds ratio exp(β)

	Intercept
	0.562
	0.070
	<0.001
	
	
	1.263
	0.073
	<0.001
	

	age 13 (2)
	-2.014
	1.625
	0.215
	0.133
	
	-- (2)
	-- (2)
	-- (2)
	-- (2)

	age 14
	0.205
	0.081
	0.011
	1.228
	
	0.078
	0.084
	0.350
	1.081

	age 15
	0.124
	0.050
	0.013
	1.132
	
	0.068
	0.053
	0.199
	1.070

	age 16
	Ref.
	
	Ref.

	age 17
	-0.119
	0.042
	0.004
	0.888
	
	-0.111
	0.045
	0.013
	0.895

	age 18
	-0.349
	0.047
	<0.001
	0.705
	
	-0.327
	0.048
	<0.001
	0.721

	year (3)
	-0.048
	0.012
	<0.001
	0.953
	
	-0.040
	0.012
	0.001
	0.961

	Black
	Ref.
	
	Ref.

	Hispanic
	-0.261
	0.090
	0.004
	0.770
	
	-0.412
	0.091
	<0.001
	0.662

	White
	-0.138
	0.073
	0.060
	0.871
	
	-0.249
	0.077
	0.001
	0.780

	Hispanic:year (3)
	0.034
	0.016
	0.028
	1.035
	
	0.031
	0.016
	0.050
	1.031

	White:year (3)
	0.034
	0.013
	0.011
	1.035
	 
	-0.004
	0.014
	0.771
	0.996

	
	
	
	
	
	
	
	
	
	

	
	c) Number of new partners per year (1)
	

	
	female students
	
	
	male students
	

	
	β coef.
	SE
	p-value
	inc.rate ratio exp(β)
	
	est.
	SE
	p-value
	inc.rate ratio  exp(β)

	Intercept
	-7.246
	0.836
	<0.001
	
	
	-5.269
	0.713
	<0.001
	

	age
	1.012
	0.112
	<0.001
	2.751
	
	0.740
	0.096
	<0.001
	2.096

	age squared
	-0.033
	0.004
	<0.001
	0.968
	
	-0.024
	0.003
	<0.001
	0.976

	year (3)
	-0.007
	0.004
	0.058
	0.993
	
	-0.001
	0.003
	0.776
	0.999

	Black
	Ref.
	
	Ref.

	Hispanic
	-0.066
	0.029
	0.024
	0.936
	
	0.048
	0.024
	0.044
	1.049

	White
	-0.010
	0.023
	0.658
	0.990
	
	-0.023
	0.020
	0.246
	0.977

	Hispanic:year (3)
	-0.004
	0.005
	0.470
	0.996
	
	-0.014
	0.004
	0.001
	0.986

	White:year (3)
	0.010
	0.004
	0.027
	1.010
	 
	0.000
	0.004
	0.975
	1.000

	
	
	
	
	
	
	
	
	
	

	
	(1) Reference categories were Black (for all analyses) and age 16 (for analyses A and B)
(2) We included 13-year-olds throughout the process of developing and parameterizing the model. However, their very small size and low rates of sexual activity meant that some of their behavioral estimates showed wide variation from year to year. For example, condom use was reported by 100% of the nine 13-year old male students who answered the question and had complete data for other relevant questions (i.e. race); thus no finite coefficient could be estimated.  We ultimately excluded 13-year-olds from our final modeling analyses, but we include them in this table and throughout the description of the methods as relevant for the sake of transparency.
(3) Year is recoded as calendar year minus 2007, and thus ranges from 0 to 10.
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The statistical models laid out in the previous section yield predicted values for each of the three relevant behaviors, for each combination of age by sex by race/ethnicity by year in our model.  We present these predicted values here, in Table S5a (female students) and S5b (male students).

[bookmark: _Toc57896609]Table S5a: predicted values for all behaviors for female students

	
	
	Proportion reporting having ever had SI
	
	Proportion reporting condom use at last SI
	
	Mean number of new partners per year1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Age
	2007
	2009
	2011
	2013
	2015
	2017
	
	2007
	2009
	2011
	2013
	2015
	2017
	
	2007
	2009
	2011
	2013
	2015
	2017

	Black female HS students
	14
	0.298
	0.256
	0.219
	0.185
	0.156
	0.131
	
	0.683
	0.662
	0.640
	0.618
	0.595
	0.572
	
	1.422
	1.401
	1.381
	1.362
	1.342
	1.323

	
	15
	0.450
	0.399
	0.350
	0.305
	0.263
	0.225
	
	0.665
	0.644
	0.621
	0.599
	0.576
	0.552
	
	1.480
	1.459
	1.438
	1.418
	1.398
	1.378

	
	16
	0.605
	0.555
	0.503
	0.452
	0.401
	0.352
	
	0.637
	0.615
	0.592
	0.569
	0.545
	0.522
	
	1.441
	1.421
	1.400
	1.380
	1.361
	1.341

	
	17
	0.708
	0.664
	0.616
	0.566
	0.514
	0.462
	
	0.609
	0.586
	0.563
	0.539
	0.515
	0.492
	
	1.312
	1.294
	1.275
	1.257
	1.239
	1.221

	
	18
	0.766
	0.727
	0.684
	0.638
	0.589
	0.538
	
	0.553
	0.529
	0.506
	0.482
	0.458
	0.435
	
	1.117
	1.102
	1.086
	1.070
	1.055
	1.040

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hispanic female HS students
	14
	0.200
	0.188
	0.177
	0.166
	0.155
	0.146
	
	0.624
	0.618
	0.611
	0.605
	0.599
	0.592
	
	1.331
	1.302
	1.273
	1.246
	1.219
	1.192

	
	15
	0.325
	0.309
	0.293
	0.277
	0.262
	0.247
	
	0.605
	0.598
	0.592
	0.586
	0.579
	0.573
	
	1.385
	1.355
	1.326
	1.297
	1.269
	1.241

	
	16
	0.475
	0.456
	0.437
	0.418
	0.400
	0.382
	
	0.575
	0.568
	0.562
	0.555
	0.549
	0.542
	
	1.349
	1.319
	1.291
	1.263
	1.235
	1.209

	
	17
	0.589
	0.570
	0.551
	0.532
	0.513
	0.494
	
	0.545
	0.539
	0.532
	0.526
	0.519
	0.512
	
	1.228
	1.201
	1.175
	1.150
	1.125
	1.101

	
	18
	0.659
	0.642
	0.624
	0.606
	0.588
	0.569
	
	0.488
	0.481
	0.475
	0.468
	0.462
	0.455
	
	1.046
	1.023
	1.001
	0.979
	0.958
	0.937

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	White female HS students
	14
	0.185
	0.176
	0.167
	0.159
	0.150
	0.142
	
	0.652
	0.646
	0.640
	0.633
	0.627
	0.620
	
	1.407
	1.414
	1.421
	1.427
	1.434
	1.441

	
	15
	0.305
	0.292
	0.279
	0.266
	0.254
	0.243
	
	0.634
	0.627
	0.621
	0.614
	0.608
	0.601
	
	1.465
	1.472
	1.479
	1.486
	1.493
	1.500

	
	16
	0.451
	0.436
	0.421
	0.405
	0.390
	0.376
	
	0.605
	0.598
	0.591
	0.585
	0.578
	0.571
	
	1.427
	1.433
	1.440
	1.447
	1.454
	1.460

	
	17
	0.566
	0.550
	0.535
	0.519
	0.503
	0.488
	
	0.576
	0.569
	0.562
	0.555
	0.549
	0.542
	
	1.299
	1.305
	1.311
	1.317
	1.324
	1.330

	
	18
	0.638
	0.623
	0.608
	0.593
	0.578
	0.563
	
	0.519
	0.512
	0.505
	0.498
	0.491
	0.484
	
	1.106
	1.111
	1.117
	1.122
	1.127
	1.132

	
	
	HS = high school.  SI = sexual intercourse.

	
	
	1 Mean number of new partners per year is calculated among (and applied in the model to) only those HS students who have ever had sexual intercourse.
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Table S5b: predicted values for all behaviors for male students

	
	
	Proportion reporting having ever had SI
	
	Proportion reporting condom use at last SI
	
	Mean number of new partners per year1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Age
	2007
	2009
	2011
	2013
	2015
	2017
	
	2007
	2009
	2011
	2013
	2015
	2017
	
	2007
	2009
	2011
	2013
	2015
	2017

	Black male HS students
	14
	0.435
	0.390
	0.348
	0.308
	0.270
	0.236
	
	0.793
	0.779
	0.765
	0.750
	0.735
	0.719
	
	1.346
	1.343
	1.341
	1.339
	1.337
	1.334

	
	15
	0.554
	0.509
	0.463
	0.418
	0.375
	0.333
	
	0.791
	0.777
	0.763
	0.749
	0.733
	0.717
	
	1.388
	1.385
	1.383
	1.381
	1.378
	1.376

	
	16
	0.671
	0.630
	0.587
	0.542
	0.496
	0.451
	
	0.779
	0.765
	0.751
	0.736
	0.720
	0.703
	
	1.363
	1.360
	1.358
	1.356
	1.353
	1.351

	
	17
	0.777
	0.744
	0.708
	0.668
	0.627
	0.583
	
	0.760
	0.745
	0.729
	0.713
	0.697
	0.680
	
	1.274
	1.272
	1.270
	1.268
	1.266
	1.264

	
	18
	0.813
	0.784
	0.752
	0.716
	0.678
	0.637
	
	0.718
	0.702
	0.685
	0.667
	0.649
	0.631
	
	1.135
	1.133
	1.131
	1.129
	1.127
	1.125

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hispanic male HS students
	14
	0.307
	0.281
	0.256
	0.233
	0.211
	0.191
	
	0.717
	0.713
	0.709
	0.705
	0.701
	0.697
	
	1.412
	1.371
	1.332
	1.293
	1.255
	1.219

	
	15
	0.418
	0.387
	0.358
	0.329
	0.302
	0.276
	
	0.715
	0.711
	0.707
	0.703
	0.699
	0.695
	
	1.456
	1.414
	1.373
	1.333
	1.295
	1.257

	
	16
	0.541
	0.510
	0.478
	0.447
	0.416
	0.385
	
	0.701
	0.697
	0.693
	0.689
	0.685
	0.681
	
	1.430
	1.389
	1.348
	1.309
	1.271
	1.235

	
	17
	0.668
	0.639
	0.610
	0.579
	0.548
	0.516
	
	0.677
	0.673
	0.669
	0.664
	0.660
	0.656
	
	1.337
	1.299
	1.261
	1.224
	1.189
	1.154

	
	18
	0.716
	0.689
	0.661
	0.632
	0.602
	0.572
	
	0.628
	0.624
	0.619
	0.615
	0.610
	0.606
	
	1.191
	1.156
	1.123
	1.090
	1.059
	1.028

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	White male HS students
	14
	0.197
	0.190
	0.183
	0.177
	0.170
	0.164
	
	0.749
	0.732
	0.714
	0.696
	0.677
	0.658
	
	1.315
	1.312
	1.310
	1.307
	1.305
	1.302

	
	15
	0.284
	0.275
	0.266
	0.257
	0.249
	0.241
	
	0.747
	0.730
	0.712
	0.694
	0.675
	0.655
	
	1.356
	1.353
	1.351
	1.348
	1.345
	1.343

	
	16
	0.395
	0.384
	0.374
	0.363
	0.353
	0.343
	
	0.734
	0.716
	0.698
	0.679
	0.660
	0.640
	
	1.331
	1.329
	1.326
	1.324
	1.321
	1.319

	
	17
	0.526
	0.515
	0.504
	0.493
	0.482
	0.470
	
	0.711
	0.693
	0.674
	0.655
	0.634
	0.614
	
	1.245
	1.243
	1.240
	1.238
	1.236
	1.233

	
	18
	0.582
	0.571
	0.560
	0.549
	0.537
	0.526
	
	0.665
	0.645
	0.625
	0.604
	0.583
	0.562
	
	1.109
	1.107
	1.104
	1.102
	1.100
	1.098

	
	
	HS = high school.  SI = sexual intercourse.

	
	
	1 Mean number of new partners per year is calculated among (and applied in the model to) only those HS students who have ever had sexual intercourse. 




[bookmark: _Toc57896611]Figure S1: Predicted vs. observed values for behavior change measures

A) Proportion of male HS students reporting having ever had SI is shown (proportion of female HS students reporting having ever had SI is shown in the paper body as an example)
B) Mean number of new partners per year for female HS students
C) Mean number of new partners per year for male HS students
D) Condom use at last sex for female HS students
E) Condom use at last sex for male HS students


A.
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B.
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C. 
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D. 
[image: C:\git\CAMP_10yr_proj\output\predicted_condom_f.bmp]

E. 
[image: C:\git\CAMP_10yr_proj\output\predicted_condom_m.bmp]
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Partner prevalence ratios emerged during the process of calibration as the unique set of values that generated stable diagnoses in the presence of stable behaviors. They are listed in Table S6. As described in the main text, they represent the ratio between STI prevalence for a given group’s actual sexual partners to that of the HS student population of the appropriate sex and with the same race composition as those partners. For instance, the PPR for Hispanic female students for gonorrhea is 1.52, meaning that gonorrhea prevalence among their partner pool is 52% higher than among the HS-attending male students in the model at any given timepoint, weighted by the partner race/ethnicity reported by Hispanic female students. Such discrepancies come from at least two reasonable sources.  First, actual sexual partnering likely violates our assumption of random age mixing among adolescents with no partners outside the age range. Second, high variations in sexual partnering rates among individuals (including some with no partners) means that some individuals are over-represented in the partner pool, with those over-represented also being those most likely to be infected. The PPRs by sex and race/ethnicity follow clear patterns: PPRs for female students are consistently higher than for their male counterparts of the same race/ethnicity, and values consistently decline from Black to Hispanic to White adolescents. This is consistent with younger female students disproportionately partnering with older males, a widespread observation across many settings.34-38  It is also consistent with males exhibiting higher variance in partner numbers than females; this is also a commonly observed pattern.39-41 Finally, the pattern suggests highest levels of one or both of these phenomena among Black students, intermediate among Hispanic students, and lowest among White students.

[bookmark: _Toc57896613]Table S6: Partner prevalence ratios (PPRs)

	
	
	Black
	Hispanic
	White

	Chlamydia
	female
	10.14
	8.15
	7.78

	
	male
	2.73
	1.36
	1.09

	Gonorrhea
	female
	2.88
	1.52
	2.10

	
	male
	1.88
	0.89
	0.65





[bookmark: _Toc57896614]Figure S2: Estimated incident cases in the presence and absence of behavior change


To aid the reader in understanding the nature of the model, we include an example plot for the incident cases in the presence and absence of behavior change; this represents the underlying data from which the number of infections averted (NIA) and proportion of infections averted (PIA) are then calculated.  We provide sex- and race/ethnicity-specific outcomes by year for gonorrhea.

[image: C:\git\CAMP_10yr_proj\output\incidence.bmp]


[bookmark: _Toc57896615]Credible intervals 

For the numbers in Table 1 of the main manuscript, we generated credible intervals by generating new estimates of each of the three behaviors for every combination of age, sex/ race/ethnicity and year, 100 times over. We then reran both the observed and counterfactual (no behavior change) scenarios for each of these 100 behavioral models.  Full details of the process are:

1. Determine the variance/covariace matrix among the beta coefficients from each of the regressions, using the R function stats:vcov
[bookmark: _GoBack]
2. Sample 100 new possible sets of coefficients from the model, by drawing from the multivariate-normal distribution with means equal to the point estimates of the beta coefficients from the regression, and the variance/covariance as calculated in step 1.  This method assumes that the probability distribution for coefficient values is indeed approximated by a multivariate normal distribution. For this step, we use the R function MASS:mvrnorm.

3. Use these coefficients to calculate new predicted values for each of the behavioral measures for each of the age-sex-race/ethnicity-year combinations.

4. Rerun both the base and behavior-change models with each of the sets of predicted values sets from Step 3.

5. Recalculate the NIA and PIA for each set of 100 simulation pairs.

6. Constructed credible intervals (CrI) as the central 95% of results, listed in Table S7a. 

Because this method occurs after calibration, it likely overstates uncertainty considerably, although this is partly counteracted by other forms of uncertainty not considered here.



[bookmark: _Toc57896616]Table S7a: Credible intervals for NIA and costs saved by year and sex: chlamydia

	
	Chlamydia

	
	Female students
	
	Male students

	
	cases averted
	
	total $ saved
	
	cases averted
	
	total $ saved

	
	lower
	main
	upper
	
	lower1
	main
	upper1
	
	lower
	main
	upper
	
	lower1
	main
	upper1

	2008
	 3,444 
	 6,117 
	 10,673 
	
	$2,001,653 
	$3,555,200 
	$6,203,148 
	
	-980
	567
	2,337
	
	-$46,942
	$27,159
	$111,942

	2009
	 6,189 
	 13,238 
	 26,707 
	
	$3,492,329 
	$7,469,939 
	$15,070,226 
	
	656
	4,356
	10,590
	
	$30,511
	$202,598
	$492,541

	2010
	 14,271 
	 27,527 
	 63,304 
	
	$7,818,225 
	$15,080,392 
	$34,680,463 
	
	1,654
	8,544
	19,775
	
	$74,678
	$385,762
	$892,841

	2011
	 20,712 
	 41,750 
	 89,560 
	
	$11,016,299 
	$22,205,990 
	$47,635,173 
	
	4,774
	15,779
	39,798
	
	$209,292
	$691,751
	$1,744,744

	2012
	 32,442 
	 62,531 
	 151,577 
	
	$16,752,724 
	$32,290,383 
	$78,272,847 
	
	7,348
	22,792
	52,067
	
	$312,731
	$970,028
	$2,215,972

	2013
	 41,240 
	 81,735 
	 176,876 
	
	$20,675,674 
	$40,977,842 
	$88,676,783 
	
	12,398
	32,504
	81,304
	
	$512,285
	$1,343,065
	$3,359,481

	2014
	 56,387 
	 106,748 
	 259,813 
	
	$27,446,372 
	$51,959,589 
	$126,463,978 
	
	16,656
	41,354
	91,952
	
	$668,239
	$1,659,122
	$3,689,114

	2015
	 66,659 
	 128,797 
	 277,605 
	
	$31,501,044 
	$60,865,598 
	$131,187,795 
	
	23,279
	52,568
	127,384
	
	$906,717
	$2,047,524
	$4,961,607

	2016
	 85,712 
	 155,984 
	 373,218 
	
	$39,325,523 
	$71,567,019 
	$171,236,151 
	
	28,371
	62,353
	134,043
	
	$1,072,708
	$2,357,567
	$5,068,166

	2017
	 95,216 
	 179,022 
	 376,847 
	 
	$42,413,967 
	$79,745,350 
	$167,866,496 
	
	36,842
	74,217
	173,065
	
	$1,352,470
	$2,724,506
	$6,353,216

	Total
	422,272 
	803,449 
	1,806,180 
	
	$202,443,809 
	$385,717,302 
	$867,293,059 
	
	130,998
	315,034
	732,315
	
	$5,092,688
	$12,409,082
	$28,889,625

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1. Note that the uncertainty in costs expressed in this table results from the uncertainty in the number of cases averted, and is independent of the best/worst-case pricing scenarios included in Table S3 and the main text.




[bookmark: _Toc57896617]Table S7b: Credible intervals for NIA and costs saved by year and sex: gonorrhea

	
	Gonorrhea

	
	Female students
	
	Male students

	
	cases averted
	
	total $ saved
	
	cases averted
	
	total $ saved

	
	lower
	main
	upper
	
	lower1
	main
	upper1
	
	lower
	main
	upper
	
	lower1
	main
	upper1

	2008
	117
	965
	2,170
	
	$66,133
	$545,457
	$1,226,571
	
	-663
	2
	519
	
	-$83,631
	$252
	$65,467

	2009
	138
	1,961
	5,615
	
	$75,730
	$1,076,138
	$3,081,344
	
	-864
	634
	2,217
	
	-$105,814
	$77,646
	$271,516

	2010
	484
	4,238
	14,651
	
	$257,870
	$2,257,964
	$7,805,906
	
	-1,487
	1,325
	4,761
	
	-$176,804
	$157,543
	$566,083

	2011
	598
	6,666
	24,228
	
	$309,327
	$3,448,122
	$12,532,418
	
	-1,616
	2,715
	10,542
	
	-$186,551
	$313,420
	$1,216,968

	2012
	1,337
	10,385
	44,025
	
	$671,455
	$5,215,451
	$22,109,795
	
	-1,986
	4,214
	15,277
	
	-$222,571
	$472,263
	$1,712,093

	2013
	1,741
	14,272
	59,216
	
	$848,877
	$6,958,742
	$28,872,537
	
	-1,650
	6,383
	26,414
	
	-$179,537
	$694,534
	$2,874,107

	2014
	2,975
	19,265
	89,582
	
	$1,408,306
	$9,119,666
	$42,406,327
	
	-1,653
	8,645
	33,821
	
	-$174,623
	$913,258
	$3,572,850

	2015
	4,173
	24,301
	107,115
	
	$1,917,869
	$11,168,497
	$49,228,983
	
	-893
	11,444
	49,561
	
	-$91,586
	$1,173,697
	$5,082,976

	2016
	5,830
	30,085
	144,354
	
	$2,601,346
	$13,423,927
	$64,410,755
	
	-271
	14,240
	58,091
	
	-$26,986
	$1,418,019
	$5,784,702

	2017
	7,573
	35,667
	160,260
	
	$3,280,699
	$15,451,301
	$69,426,235
	
	955
	17,355
	76,399
	
	$92,329
	$1,677,881
	$7,386,255

	Total
	24,966
	147,805
	651,216
	
	$11,437,613
	$68,665,263
	$301,100,870
	
	-10,128
	66,957
	277,602
	
	-$1,155,774
	$6,898,513
	$28,533,018

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

		1. Note that the uncertainty in costs expressed in this table results from the uncertainty in the number of cases averted, and is independent of the best/worst-case pricing scenarios included in Table S3 and the main text.
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