Dear Dr Farrell

Thank you very much for considering our paper. We are grateful to you and the reviewers for the helpful comments and suggestions, which have helped to improve the paper substantially. We have revised the paper based on the feedback received, and have responded below to the individual comments. Because of the changes to the prior distributions (in response to point c by reviewer 1) and the doubling of the posterior sample size (in response to point f by reviewer 1), the results have changed slightly from those in the first submission, but the main conclusions are unchanged.

We have also responded to the general technical comments at the end of this response letter. Please let us know if there are any further concerns.

Yours sincerely
Leigh Johnson


Comments from the academic editor:

The methods could be a bit better organized to reflect the main output/results. It does seem that two of the main purposes was to evaluate population attributable fractions for various socioeconomic factors and then also the effects of economic empowerment interventions.

RESPONSE: There are separate paragraphs in the Methods section describing the PAF analysis and the future intervention scenarios, but perhaps the structure was not clear. To make things clearer, we have removed the previous ‘Model scenarios’ heading, added a ‘Population attributable fractions’ heading, and added a heading before the last paragraph: ‘Future intervention scenarios’.

Please include the proximal, intermediate, and distal impacts of the economic empowerment interventions. Currently the intermediate is missing (e.g., types of partners, condom use, type of sex, etc.).

RESPONSE: We have added the intermediate outcomes in Table 4, which is shown below. We have also added the following paragraph to describe the results: “When considering intermediate behavioural outcomes, the effects of the cash transfer and vocational training interventions are close to zero (Table 4). However, the school support intervention is expected to significantly reduce the proportion of sexually active young females who are not using hormonal contraception, the proportion of adults in concurrent partnerships and the proportion of men engaging in casual sex (the latter two effects being mediated by the effect of education inequitable gender norms, and the effect of inequitable gender norms on male risk behaviour [1]). The school support intervention may also reduce the proportion of adolescents who are sexually experienced and the number of early marriages, although these reductions are not statistically significant (Table 4).” As noted here, we believe some of the behavioural changes are likely to be mediated by changes in inequitable gender norms, a component of the model that was not previously described. We have therefore added a few rows in Table 1 showing the assumed effect of education on inequitable gender norms, and the assumed effects of inequitable gender norms on sexual behaviour in men.


Table 4: Reduction in behavioural risks and reproductive health outcomes (2025-2040) as a result of different economic strengthening interventions
	
	School
support
	Vocational
training
	Cash
transfers

	Behavioural outcomes
	
	
	

	   Sexually experienced adolescents
	4% (0 to 10)
	0% (-1 to 1)
	0% (-1 to 1)

	   Sexually active females (15-24) not
      using hormonal contraception
	1% (0 to 2)

	0% (-1 to 1)

	0% (-1 to 1)

	   Married youth (15-24)
	3% (-3 to 9)
	0% (-6 to 4)
	0% (-6 to 4)

	   Condomless sex (ages 15-49)
	0% (0 to 0)
	0% (0 to 0)
	0% (0 to 0)

	   People in concurrent partnerships 
	1% (0 to 2)
	0% (-1 to 1)
	0% (-1 to 1)

	   Client contacts with sex workers
	0% (-2 to 1)
	0% (-1 to 1)
	0% (-1 to 1)

	   Men having casual sex
	2% (1 to 4)
	0% (-1 to 1)
	0% (-1 to 1)

	   Women having casual sex
	0% (-1 to 2)
	0% (-1 to 1)
	0% (-1 to 1)

	Reproductive health outcomes
	
	
	

	   New HIV infections (ages 15+)
	1% (-3 to 4)
	0% (-3 to 3)
	0% (-4 to 4)

	   New HIV infections (men)
	1% (-3 to 5)
	0% (-4 to 5)
	0% (-4 to 4)

	   New HIV infections (women)
	1% (-4 to 5)
	0% (-3 to 4)
	0% (-4 to 3)

	   New STIs (ages 15+)
	1% (0 to 2)
	0% (-1 to 1)
	0% (-1 to 1)

	   New STIs (men)
	1% (0 to 2)
	0% (-1 to 1)
	0% (-1 to 1)

	   New STIs (women)
	1% (0 to 2)
	0% (-1 to 1)
	0% (-1 to 1)

	   Births to teenagers
	5% (-1 to 12)
	-1% (-15 to 3%)
	0% (-3 to 3)


95% confidence intervals are shown in brackets, and significant reductions are formatted in bold.

In Figure 3, although the most likely affected metric is shown for each type of intervention, it would be worthwhile to have all 3 on each of the panels. For example, schooling and vocational training could also be expected to affect income.

RESPONSE: We have amended Figure 3 as suggested (shown below). We have also modified the description of the results: “The cash transfer intervention would reduce income inequality, with the Palma ratio (the ratio of income in the top decile to that in the four lowest deciles) decreasing from 8.5 to 7.8 by 2030; school support and vocational training would have more modest effects on income inequality (Figure 3a). The school support intervention would significantly increase the proportion of South African youth who have completed high school, from 30% to 38% by 2040, but the other interventions would have no effects on school completion (Figure 3b). Vocational training interventions would only slightly increase employment levels, while school support would slightly reduce the fraction of the population employed in the short term, due to young adults remaining in school for longer (Figure 3c).”
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Figure 3: Intervention impacts on socio-economic outcomes
The Palma Ratio (panel A) is defined as the ratio of total income in the top income decile to the total income in the four lowest deciles. In panel (b), the high school completion fraction is the proportion of all 15-24 year old South Africans who have successfully completed grade 12. In panel (c) the denominator is all individuals aged 15-64 (including those in school and those not actively seeking work).


-----------------------------------------------------------
Comments from the reviewers:

Reviewer #1: Major Comments:
a) The MicroCOSM model is described in general terms in both the manuscript and supplementary materials, but key submodules (e.g., for education, income, sexual behaviour) lack sufficient detail for replication. I recommend including a summary table listing key inputs, outputs, and governing rules for each sub-model, possibly with illustrative pseudo-code or flow diagrams.

[bookmark: _Hlk207207634]RESPONSE: We have followed the reviewer’s suggestion of adding further flow diagrams illustrating the model structure in Figure 1: panel b now shows the model of educational attainment, panel c shows the modelling of sources of household income, and panel a shows the model of sexual behaviour (see the amended Figure 1 below). Although we appreciate the reviewer’s request for more detail, all of the information is provided in the supplementary materials (see section 1.3 on modelling income and section 1.4 on modelling sexual behaviour) or in the previous MicroCOSM report [2] (section 3.5 describes the model of education and section 4 describes the model of sexual behaviour). We have added the following sentence in the Methods section: “The modelling of educational attainment has been described previously [2], and is illustrated in Figure 1b.”
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[bookmark: _Hlk207208541]Figure 1: Model structure
In panel (a), high-risk women can move in and out of sex work and high-risk men can engage in sex with sex workers at any time (not shown); only high-risk individuals can have more than one partner at a time. In panel (b), all individuals currently in school can leave school at any time (not shown), and return to school is permissible only in “School support” intervention scenarios. Panel (c) shows how eligibility to receive different types of income varies in relation to the age of each household member (“School support” and “Cash transfers” only apply in the relevant intervention scenarios). In panel (d), dashed lines represent ‘feedback effects’ of reproductive health outcomes on education and employment. LT = long-term (cohabiting/marital), ST = short-term, STI = sexually transmitted infection.

b) The model's assumptions regarding behavioural mechanisms (e.g., how socioeconomic status impacts condom use, sexual debut, concurrency) should be described with greater precision, including any evidence base supporting these pathways.

RESPONSE: These aspects are described in detail in the supplementary materials, and it is not clear if the reviewer is wanting us to move this justification into the main text, or if the reviewer is only looking for some mention of the relevant supplementary text in the main file. To summarize the relevant sections of the supplementary file:
· Section 1.4.1 explains the modelled effect of being in school on sexual debut, as well as the effect of household income on young females’ rates of sexual debut.
· Section 1.4.2 explains the modelled effect of household income on female entry into casual/ transactional sex, and the effect of employment on male entry into casual/transactional sex.
· Section 1.4.3 explains the effect of employment on male rates of contact with sex workers.
· Section 1.4.4 explains the effect of employment on male rates of short-term partner acquisition (and by extension, on male partner concurrency).
· Section 1.4.5 explains the effect of education on condom use.
· Section 1.4.6 explains the effect of education and being in school on rates of entry into marriage/cohabitation.
Our preference would be to not move the 24 pages that constitute section 1.4 of the supplementary materials into the main text, as this would add substantially to the length of the paper, and the detail would overwhelm most readers. We have instead added to the following sentence in the main text: “Table 1 summarizes the key parameters that relate socio-economic status to sexual risk behaviour and health seeking behaviour (described more fully in sections 1.4 and 1.5 of the supplementary materials).”

c) The combination of trial-derived and observational data for prior distribution specification is methodologically reasonable. However, several priors appear overly narrow or based on limited data, without adequate justification for the selected bounds. A clearer rationale for the shape and truncation of priors, supported by references, should be included in the supplementary materials.

RESPONSE: The supplementary materials provide detailed descriptions of the prior distributions and the evidence on which they are based (with a summary in Table S27), but we acknowledge that in some places the justification for the prior distributions was unclear, or the chosen parameters were arbitrary. We have revised the prior distributions, where appropriate, and have also provided more explanation in some cases. (Because of these changes to the prior distributions, the results in the paper have changed slightly.) To summarize the main points:
· The prior distribution for the increase in female sexual debut per log reduction in APCHI (adjusted per capita household income) is explained in section 1.4.1. We have added the following sentences: “The odds ratios measured in the Zimbabwean and Cape Town studies do not provide an accurate measure of the K parameter, because the latter applies only at log income levels below the average, whereas the odds ratios are calculated across the full income/wealth range. If the parameter truly applies only below the average, but it is estimated in a regression model that includes the roughly half of individuals with log income values above the average, the regression coefficient will be diluted (shrunk towards zero by roughly a half). Based on the available evidence, we represent the uncertainty in the K parameter using a gamma hurdle distribution with a weight of 0.1 given to the value of 0 (no effect) and a weight of 0.9 given to gamma distribution with mean 0.34 (twice the average of the Zimbabwean and Cape Town studies) and standard deviation of 0.22 (twice the standard deviation of the same two studies).” Note that this is a small change from the values previously specified.
· The relative rate of female sexual debut if they are in school (compared to not in school) is explained in section 1.4.1. The mean of 0.4 for the non-hurdle component of the prior is the average estimate from a Malawian study [3] and two South African studies [4, 5]. The standard deviation of 0.23 is calculated from the same three studies, but we had neglected to mention this. We have modified the relevant sentence to read “…a beta distribution with a mean of 0.4 (the average of the values in the three previously cited studies) and standard deviation of 0.23 (calculated from the same three studies).”
· The relative rate of male sexual debut if they are in school (compared to not in school) is explained in section 1.4.1. The mean of 0.6 is based on two South African studies [4, 5], but we did not explain the standard deviation. We have modified the explanation: “…a beta distribution with a mean of 0.6 (the average of the values in the two previously cited studies) and standard deviation of 0.23 (the same as for females due to the lack of male data).”
· The prior distribution for the increase in female casual sex per log reduction in APCHI is explained in section 1.4.2. We showed that with the prior mean of 0.85, the ratio of casual sex at the 10th percentile of household incomes to that at the 50th percentile is 2.2, which is the average of the odds ratios in the South African studies [6-9]. Applying the same calculation to the individual studies, we estimate a standard deviation of 0.47. We have modified the text to explain the standard deviation: “Applying the same adjustment to the individual odds ratio estimates yields a standard deviation of 0.47, the same value as used for the prior distribution.” This is a small change from the standard deviation previously specified. 
· The prior distribution for the increase in male casual sex if employed is explained in section 1.4.2. We have modified the relevant sentences: “…a gamma distribution with a mean of 0.63 and standard deviation of 0.42. The gamma mean corresponds to a relative risk of 1.63, the average of the estimates of 1.33 and 1.92 from the previously cited South African sources [9, 10], and the standard deviation is calculated from the same two studies.” This is a small change from the values previously specified.
· The prior distribution for the increase in male casual sex if employed is explained in section 1.4.3. We noted that the relative rate of 1.8 is the average of a South African study estimate [11] and a pooled analysis of African DHS data [12]. We have added the following sentence: “In an analysis of 2016 South African DHS data (similar to that in the pooled analysis of African DHS data [12]), the effect of male employment on recent commercial sex activity was non-significant (aOR 1.16, 95% CI: 0.74-1.87), after controlling for age, marital status and urban location (author’s calculation).” We have also modified the justification of the prior: “…a gamma distribution with a mean of 0.8 and standard deviation of 0.4. The mean of 0.8 corresponds to a relative risk of 1.8, which is consistent with both the South African study [11] and the analysis of African DHS data [12], and the standard deviation was chosen such that the 2.5 percentile (0.2) would be consistent with the more conservative odds ratio of 1.2 from the South African DHS.” 
· The prior distribution for the effect of male employment on short-term partner acquisition is explained in section 1.4.4. We noted that the mean of 0.43 was the average from three data sources. We have modified the sentence to explain the standard deviation as well: “a gamma distribution with mean 0.43 (the average of the three studies that most directly measured the effect of male employment/income [9, 13, 14]) and standard deviation of 0.25 (calculated from the same three studies).”
· The prior distribution for the increase in consistent condom use per year of schooling is explained in section 1.4.5. We noted in this section the plausible range of 1-1.22 on the odds ratio parameter, based on comparing our model simulations of the relationship between condom use and education and those measured in the 1998, 2003 and 2016 Demographic and Health Surveys, and this was the basis for the prior distribution. (No change was made here.)
· The prior distribution for the relative rate of marriage if currently in school was explained in section 1.4.6. The prior distribution is based on the odds ratios estimated for males and females when fitting a logistic regression model to data from the 1993 October Household Survey. We have modified the prior description: “… a beta distribution with mean of 0.3 (the average of the male and female odds ratios) and standard deviation 0.2 (calculated from the same two odds ratios).”
· The prior distribution for the increase in medical male circumcision per log increase in APCHI is explained in section 1.5.2. The only data that could be used to estimate this parameter are from the Lesotho PHIA [15], but we argued that the estimate derived from these data (0.42) was an upper bound. We have modified the explanation of the prior: “To represent the uncertainty in the C parameter, we therefore assign a gamma prior distribution with a mean of 0.2 and a standard deviation of 0.1; this was chosen such that the 97.5 percentile (0.44) was close to the upper bound estimated from Lesotho data, and the mean was roughly at the midpoint between 0 and the upper bound (i.e. allowing for a reasonably wide range of uncertainty around the parameter).”
· The prior distribution for the relative rate of school dropout if receiving school support (non-material support) is described in section 1.6. The mean of 0.68 is based on a systematic review of attendance monitoring interventions [16]. We did not previously provide much justification for the standard deviation, but we have provided more explanation in the updated description: “In a systematic review and meta-analysis of interventions to reduce school dropout , Wilson et al [16] estimated that attendance monitoring interventions significantly reduced the odds of school dropout (OR 0.68, 95% CI: 0.61-0.76); more significant effects were estimated for other types of dropout intervention, but these interventions were generally different from the school support interventions evaluated in African settings. A limitation of this review is that it reported almost exclusively on US data, and the 95% confidence interval is therefore a poor reflection of the uncertainty around the outcome if the trial was conducted in a South African setting. In addition, no estimate of the heterogeneity in attendance monitoring effects was provided. However, the average OR, across all school dropout interventions, was 0.58 and the τ2 across all interventions (a measure of heterogeneity across individual trials, on a log scale) was 0.56. This τ2 statistic is equivalent to a standard deviation on the OR scale of approximately 0.39, but is likely to overstate the true standard deviation of random effects because it does not take into account that much of the variation is attributable to differences between intervention types. To represent the uncertainty in S, we assign a beta prior with a mean of 0.68 and a standard deviation of 0.20. The mean is the same as the average effect of attendance monitoring interventions, while the standard deviation has been set to half of the estimated upper limit. (This distribution has 2.5 and 97.5 percentiles at 0.24 and 0.97 respectively.)” This is a small change from the standard deviation previously specified. 
· The prior for the relative rate of school dropout per R800 increase in the ‘cash equivalent’ value of the school support is explained in section 1.6. The mean of 0.86 is based on the systematic review of Garcίa and Saavedra [17], but we did not previously explain the justification for the standard deviation. We have modified the explanation: “Garcίa and Saavedra [17] estimated that these interventions reduced the annual probability of secondary school dropout by an average of 2.9% (with standard deviation of 2.1% across studies). If the average annual probability of high school dropout is around 20% (as we have previously estimated in South Africa [2], and in line with settings in which high school dropout interventions are typically tested [16]), this 2.9% reduction is equivalent to a relative rate of dropout of 0.86 (with standard deviation of 0.10, or 0.021/0.2).” 
· The prior for the effect of vocational training on unemployment is explained in section 1.6. The mean is based on the meta-analysis of Tripney et al [18], and the standard deviation was chosen such that the 97.5 percentile of the distribution would match the largest effect measured in any of the included studies. (No change was made here.)

d) The use of hurdle priors (Section 2.1 in supplementary file) to reflect uncertainty around null effects is innovative, but their functional form and probability mass allocation are not fully explained. A brief sensitivity analysis on the choice of hurdle probabilities would be valuable.

[bookmark: _Hlk207462871]RESPONSE: The functional form and probability mass are explained in the first two equations in section 2.1 of the supplementary materials. We have expanded the example of the gamma hurdle distribution in section 2.1 of the supplementary materials. In this example, we consider the effect of household income (per log increase in household income) on the rate of medical male circumcision, noting that there was “some evidence from RCTs to suggest that an effect exists, but RCTs are not consistent or the evidence is considered weak” (category II evidence). When reviewing the observational data for this parameter, we estimated an upper limit of 0.42 (see section 1.5.2 of the supplementary material). For the purpose of illustration/sensitivity analysis, we consider four possible specifications of the prior: 
1. The original gamma hurdle prior (using a weight of 0.25 for the hurdle)
2. An alternative gamma hurdle distribution, with a hurdle weight of 0.5 (category I evidence) and the same gamma component as the original
3. An alternative gamma hurdle distribution, with a hurdle weight of 0.1 (category III evidence)
4. A more conventional gamma prior with no hurdle, but with a somewhat lower mean (0.15) and higher standard deviation (0.11) to account for the uncertainty about whether there truly is an effect of household income on medical male circumcision (this has a 97.5 percentile of 0.43, similar to the upper limit noted previously).
These four prior distributions have similar means, and the same lower limit of zero, but with very different shapes; these are shown in Figure S13a. We further consider how the posterior distribution changes, assuming a single RCT data point in model calibration (the study of Cho et al [19] measured an effect of 0.507, with standard deviation of 0.248, as shown in Table S28). (This is a simplified example because the Cho study did not actually report by how much the intervention changed household incomes – we are implicitly assuming a unit change in the log of household incomes due to the intervention, which is probably unrealistic.) Figure S13b shows that the posterior distributions are similar at the upper end of their range, but quite different in the posterior weight given to a null association (as is appropriate given different levels of prior confidence in a true effect). Overall the posterior means are similar across the four prior specifications (0.192, 0.223, 0.236 and 0.210), despite the differences at the lower end of the posterior range.
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Figure S13: Illustrative example of the use of different gamma hurdle distributions (on the proportionate increase in the rate of medical male circumcision, per log increase in household income)
The prior and posterior distributions are presented as the probability densities (y axis) over different ranges of the effect of household income on circumcision (x axis).

e) The Bayesian calibration approach is appropriate, but the likelihood construction is insufficiently described. Details should be added on how different trial outcomes were weighted in the composite likelihood, variance assumptions for the outcome measures, and any convergence diagnostics or posterior predictive checks performed.

[bookmark: _Hlk207463344][bookmark: _Hlk207265192][bookmark: _Hlk207265240]RESPONSE: The likelihood construction is explained in section 2.2.4 of the supplementary materials. A likelihood value was calculated for each trial outcome separately; there was no ‘weighting’ applied in cases of multiple trial outcomes (effectively we are giving equal weight to different outcomes, and it is not clear that different weights would be necessary). We have added a sentence to clarify this point: “Equal weights are given to all trial outcomes in the likelihood calculation.” The variance assumptions are also explained in detail in section 2.2.4: we account for both measurement error (as reflected in the published 95% confidence intervals around the trial results), random effects (to account for variability in intervention impacts across different populations and intervention formulations) and stochastic error (to account for imprecision in the outputs of the agent-based model). As explained in section 2.3 of the supplementary materials, we use Sampling Importance Resampling (SIR) to generate the posterior distributions. This is a well-established Bayesian procedure [20], which does not require a convergence criterion, as it is not iterative/adaptive. However, there is the concern that the posterior sample might consist of only a few distinct parameter combinations (which can happen if only a very small region of the parameter space provides adequate fits to the data, and the prior distribution doesn’t efficiently sample from this region). To address this concern, we have added Table S29 in the supplementary materials showing the maximum posterior weight given to any single parameter combination and the number of distinct parameter combinations in the posterior sample. The table shows that no single parameter combination carries excessive weight in the posterior sample and we have an adequate mix of distinct parameter combinations. Although we have not performed posterior predictive checks, the simulated trial outcomes are compared to actual trial outcomes in Figures S14-S16 (the former generally have lower variance than the latter because the simulated outcomes don’t reflect the random effect terms assumed in the likelihood calculation). Even if we were to generate new simulated data sets and add random effect terms, it would be difficult to make statements about the validity of the posterior predictive distributions, given the sparseness of the actual RCT data for each individual outcome.

[bookmark: _Hlk207265301]Table S29: Number of distinct parameter combinations and frequency of most frequently-sampled parameter combination in posterior sample of 100 parameter combinations
	
Calibration data set
	Distinct
parameter combinations
	Most frequently sampled
parameter combination

	
	n
	%
	n
	%

	All RCT data
	82
	82%
	7
	7%

	Vocational training RCTs
	99
	99%
	2
	2%

	Cash transfer RCTs
	99
	99%
	2
	2%

	School support RCTs
	90
	90%
	6
	6%



f) Only 100 simulations were drawn from the posterior sample. This seems modest given the dimensionality of the model. The authors should comment on the adequacy of this sample size for uncertainty quantification and consider increasing it.

[bookmark: _Hlk207465150]RESPONSE: We have doubled the posterior sample size, and the results have been updated to reflect this. However, we acknowledge that this only partially addresses the reviewer’s concern. We are constrained by the long time that it takes to run each simulation (and the need to run each simulation multiple times in order to reduce stochastic variation), which presents a formidable computing challenge. We believe that the mean estimates are relatively stable, and would not change much with a larger posterior sample, but the upper and lower limits on the 95% confidence intervals could change more materially with a larger posterior sample. We have added the following sentence when discussing the study limitations: “Due to the substantial computing time required for each simulation, it was not feasible to draw a larger posterior sample, which would be important in obtaining more accurate 95% confidence intervals. The 95% confidence intervals should therefore be interpreted with caution.” 

g) The assumptions underlying the implementation of interventions (e.g., universal access, full adherence, constant effect sizes) may not reflect real-world feasibility. I recommend including more realistic scale-up scenarios or at least discussing this as a limitation.

[bookmark: _Hlk207465323]RESPONSE: We assume that the reviewer is referring to the second part of the results (where we consider the potential future effect of introducing economic strengthening interventions nationally), not the initial results from the model calibration (for the purpose of simulating randomized controlled trials, we believe it would be reasonable to assume a high level of fidelity to the intervention). We agree that some of the assumptions made when simulating the future rollout of economic strengthening are overly optimistic, but this was intentional: we aimed to assess what might be achieved in a ‘best case scenario’. The results are non-significant despite the optimistic assumptions, and this reinforces the point that the interventions are unlikely to have much impact in a ‘real world’ setting. We have added a sentence to the Discussion stressing this point: “When modelling the future rollout of economic strengthening interventions, we have optimistically assumed that all eligible individuals would receive the intervention and achieve levels of exposure similar to those in RCTs. This assumption is unrealistic, but the non-significance of the simulated intervention impacts, despite the optimistic assumptions, reinforces the point that they are unlikely to have substantial impacts in the South African setting.”

h) The counterfactual scenario—where all individuals attain tertiary education, secure employment, and earn above the national income average—appears implausibly optimistic. This may bias the estimated population attributable fractions (PAFs) upward. A more conservative or gradient-based counterfactual would improve credibility.

RESPONSE: We agree that the counterfactual scenario is unrealistic. However, counterfactual scenarios are not generally supposed to be realistic, and in an epidemiological context, when calculating a PAF, it is common for the counterfactual to be highly unrealistic. For example, in assessing the PAF for the burden of disease due to physical inactivity, it is commonly assumed in the counterfactual scenario that everyone in the population (including the elderly and disabled) has >1000 minutes of vigorous physical activity per week [21]. And in assessing the PAFs for sugar sweetened beverages and processed meats it is assumed that consumption of both would reduce to zero in the counterfactual, even though such a change would be virtually impossible to achieve in reality, at a population level [22].

i) The model treats changes in socioeconomic status.as exogenous to behavioural risk, but real-world interactions (e.g., pregnancy affecting education, HIV status affecting employment) suggest bidirectional causality. These feedbacks are not captured in the current model and should be acknowledged explicitly.

[bookmark: _Hlk207469057]RESPONSE: Our model does incorporate the feedback effects to which the reviewer refers, and both feedback effects are represented in Figure 1d (by the arrow from the HIV incidence outcome to the unemployment outcome, and by the arrow from the teenage pregnancy outcome to the incomplete schooling outcome). We have added a legend to Figure 1 explaining that these arrows represent feedback effects. The effect of HIV on employment is described in more detail in section 1.1.2 of the supplementary materials (and is also briefly explained in the third paragraph of the Methods section of the main text). The effect of teenage pregnancy on education was described in more detail in an earlier report on the model [2], but we have added the following text in the footnote to Figure 1: “As described previously [2], girls who fall pregnant while in school are assumed to either drop out of school permanently or to repeat the grade they were in at the time of the pregnancy.” 

j) Trial-derived effect estimates are applied nationally, but trials such as HPTN 068 and Swa Koteka may not reflect national demographic or geographic variation. The authors should address how they accounted for the limited generalisability of trial populations in model calibration.

RESPONSE: The focus here is on the heterogeneity in effects across settings. We agree that this is a concern, and we addressed this by including a random effect term in the likelihood function (as explained in response to comment e). It is also worth repeating that the interventions are assumed to be limited to people whose average per capita household incomes are below the national average, which partially addresses the concern that the trials are usually conducted in very impoverished populations. 

k) While the model is validated against national survey data, reliance on cross-sectional associations is limiting. Additional external validation (e.g., longitudinal data, cohorts not used in calibration) would improve credibility.

[bookmark: _Hlk207469368]RESPONSE: We have added the following sentence in the discussion of limitations: “Our analysis relies only on publicly available data, but additional longitudinal individual-level data, such as collected in Health and Demographic Surveillance Systems (HDSSs) [23], may be valuable in validating the model assumptions about effects of socio-economic status on sexual behaviour, fertility and HIV.” Although we agree with the reviewer, such an analysis would require substantial additional work, as data from the HDSSs are typically not publicly available, and need to be requested, together with appropriate ethical approval. Even if the data are easily accessible, there is the concern that these HDSSs are typically not nationally or regionally representative (for example, most of the HDSSs are located in rural settings), which limits generalizability, and it would probably be inadvisable to rely on data from a single HDSS. Given the time frame allowed for resubmission, a more extensive validation of the model against longitudinal data is not feasible. 

l) The authors may also wish to discuss whether their findings are transferable to other sub-Saharan African contexts, and under what conditions such generalisation might be appropriate.

[bookmark: _Hlk207630392]RESPONSE: We have acknowledged that South Africa differs from other African settings: “Our results might not be generalizable to other African settings, where there is typically less income inequality but more absolute poverty.” Countries like Namibia and Botswana are more similar to South Africa in socioeconomic terms (high income inequality but low average poverty levels), whereas countries like Mozambique and Malawi are very different from South Africa. We have also added the following sentence in the same paragraph: “In a recent analysis of national household survey data, HIV prevalence was inversely associated with education in southern and East Africa, but not in West and Central Africa [24]. Unlike in southern Africa, ART coverage and socioeconomic status were positively associated in other African regions [24].”

m) The model code is stated to be available upon acceptance. In line with open science standards, I strongly recommend that the code, calibration data, and simulation instructions be made available at the time of peer review to enable full reproducibility.

[bookmark: _Hlk206508669]RESPONSE: We have made the code available on Github at https://github.com/leighjohnson/MicroCOSM. This includes the calibration data (in the CashTransferRCTs, SchoolSupportRCTs.txt and VocationalTrainingRCTs files, which contain the same data as in Table S28 in the supplementary materials) and a Readme file that explains how to run the model. We have added the following sentence in the main text: “All model code and data inputs are available from https://github.com/leighjohnson/MicroCOSM.”

Minor Comments:
n) The adjusted per capita household income (APCHI) scale is used without discussion of alternatives (e.g., OECD-modified scale).

[bookmark: _Hlk207630547]RESPONSE: There are several equivalization methods, such as the original OECD scale and the OECD-modified scale to which the reviewer refers. We have added the following comment at the end of the paragraph in which the APCHI is defined: “Other equivalence scales are reviewed elsewhere [25].” We have also added a mention of alternative equivalence scales in the first paragraph of section 1.3 of the supplementary materials. 

o) Income is modelled as relatively stable, which may understate income volatility and its effects on behaviour. If dynamic income variation is not modelled, this should be acknowledged.

[bookmark: _Hlk207630734]RESPONSE: Income is modelled dynamically: it changes as individuals move in and out of employment, and as they qualify for social grants (or lose eligibility). At the household level income can also change due to changes in household composition (e.g. loss of a breadwinner, or addition of a child that qualifies the caregiver to receive a Child Support Grant). This dynamic modelling of income sources is described in section 1.3 of the supplementary materials. We have added the following sentence at the start of section 1.3 (in the third paragraph) to clarify this point: “Household income is re-calculated at annual time steps, taking into account changes in household composition, employment and social grant eligibility.”

p) It is unclear how the model handles uncertainty in parameters derived from heterogeneous or sparse data sources. A table mapping source type to uncertainty specification would improve transparency.

[bookmark: _Hlk207631095]RESPONSE: Table 1 lists the most important parameters and the data sources on which they are based; where a standard deviation is specified, the parameter is varied in the model calibration/Bayesian analysis. For all other parameters, the value is fixed. To make this clearer, we have added a footnote to Table 1 explaining this point: “Standard deviations are specified for the parameters that are varied in the model calibration process (sections 1.4-1.6 of the supplementary materials describe the prior distributions in more detail); for all other parameters, the value is fixed.” There are hundreds of parameters in this model, most of which are not central to our research question, and we only assess the uncertainty in the parameters that are most relevant to the current research question. To investigate/explore the uncertainty in all parameters would be infeasible. 

q) Behavioural outcomes (e.g., concurrency, condom use) may be sensitive to social network structures and local norms, which are not accounted for in the current individual-level modelling. This could be discussed as a potential limitation.

[bookmark: _Hlk207631748]RESPONSE: The behavioural variables referred to are modelled as being determined by gender norms, which vary in relation to urbanization, age and race – so there is an implicit modelling of variation of local norms and their influence on behaviour. This is described in more detail in our previous publication on the modelling of inequitable gender norms and their effects on sexual behaviour [1]. However, the reviewer is correct in pointing out that the model doesn’t explicitly represent the effect of social networks on behaviour, which is likely to be significant [26]. We have added the following sentence in the third-last paragraph to acknowledge this: “The model also does not represent the effect of social networks on sexual behaviour [26], and the formation of these networks is likely to be heavily influenced by education and employment.” 

r) Time horizon of 15 years may be insufficient to capture the full long-term or intergenerational benefits of economic interventions, especially those affecting educational attainment. This limitation should be acknowledged.

[bookmark: _Hlk207631823]RESPONSE: We agree, and have added the following sentence in the Discussion: “The model does not represent intergenerational transfers in education [27], and a 15-year projection term is likely to be insufficient for representing the longer-term benefits of investment in education.” However, it is worth noting that we did not find evidence of impacts increasing or decreasing over the 15-year projection term, and we have added section 3.4 in the supplementary materials to demonstrate this more clearly.


Reviewer #2: This manuscript presents a valuable effort to model the complex relationship between economic strengthening interventions and HIV, STIs, and teenage pregnancy in South Africa. The use of an agent-based model (MicroCOSM) is commendable, and the study attempts to quantify the potential impact of various interventions. However, several aspects require further clarification and justification. The limited impact of the modeled interventions is a significant finding, but the reasons behind this need to be explored more thoroughly.
1. "Over 2025-2040, none of the interventions are estimated to have impacts significantly different from zero, due to limited impact on secondary economic outcomes." This is not clear and misleading. What are the interventions? The methods part should highlight this.

[bookmark: _Hlk207632368]RESPONSE: The three interventions were defined in the paragraph before Table 1 (in the Methods section). To reinforce the point, we added the following sentence in the final paragraph of the Methods section: “Three future intervention scenarios were modelled: school support, vocational training and cash transfers.”

2. The wide confidence intervals for the PAF estimates should be highlighted as a key limitation.

RESPONSE: This limitation is acknowledged in the first sentence of the Discussion: “Although our model suggests a potentially significant contribution of low socio-economic status to the incidence of HIV, STIs and teenage pregnancy in South Africa, there is substantial uncertainty around the magnitude of this contribution.”

3. The rationale for using a modeling approach should be clearly stated. What specific questions can the model address that cannot be answered through empirical studies alone?

[bookmark: _Hlk207633684]RESPONSE: We have added a few sentences in the Introduction to make the rationale clearer. “They [mathematical models] also play an important role in translating evidence from randomized trials, which produce short-term estimates of impact at an individual or community level, into estimates of likely longer-term impact at a population level…. Agent-based models, which represent individual-level variation in health risk exposure and outcomes, are well suited to representing complex causal pathways and diverse outcomes, and are increasingly utilized in assessing socio-economic disparities in health [28].” 

4. The introduction should also emphasize what gaps this modeling study aims to fill and how it builds upon existing literature.

RESPONSE: We previously noted in the Background that “there is a notable lack of mathematical modelling of economic strengthening interventions [29]. This is partly a reflection of the challenges associated with representing the complex causal pathways described previously, a challenge common to the modelling of structural interventions generally [30].” Although there are few relevant modelling studies in the context of reproductive health specifically, we have added to the Background by citing a review of relevant models of other health conditions: “Building upon recent advances in the use of agent-based models to represent socio-economic differences in health outcomes [28], we aim to assess which economic strengthening interventions are likely to be most impactful.” In the third paragraph of the Background, we also previously noted the lack of consensus on which economic strengthening interventions are most effective. We have added a sentence in this paragraph: “Data from randomized controlled trials (RCTs) have not been systematically synthesized using traditional meta-analytic techniques, a reflection of the heterogeneity in interventions and trial outcomes.” 

5. The complexity of education and social economics on HIV and STIs may be relevant to different factors, i.e., rural or urban, and gender. The modeling should also take these into account, especially given no clear conclusions between those with HIV and STIs.

RESPONSE: We have added the following sentence in the Methods section: “The modelling of educational attainment has been described previously [2], and is illustrated in Figure 1b.” The model does allow for relationships between socio-economic status and urban-rural location/migration. As described in the cited report [2], people in rural areas are more likely to migrate to urban areas if they have higher educational attainment. In the cited report, we also validated the model assumptions about urban-rural differences in sexual behaviour by comparing the modelled estimates of urban-rural differences in HIV prevalence against published data [2]. We assume that people in urban areas are more likely to get employed (see section 1.1.1 in the supplementary materials of our submission). Similarly, the model allows for gender differences, with females having higher rates of grade advancement [2] but lower employment probabilities (and lower salaries) than their male counterparts, as described in sections 1.1.1 and 1.3.1 of the supplementary materials. We have also emphasized, throughout the paper and the supplementary materials, that the effects of socio-economic status on sexual behaviour are not the same in men and women. 

6. What are the key assumptions of the model? How were these assumptions validated? The results section should report the validation results.

RESPONSE: The key assumptions (relevant to the current paper) are summarized in Table 1, and the more detailed assumptions are described in section 1 of the supplementary materials. The validation is described in detail in section 3.1 of the supplementary materials, and the results of these validations are briefly reported at the end of the second paragraph of the Results section. Some of the plots in Figure 2 can also be considered validations; for example, panels g and h show that the model is in good agreement with median income levels and Gini coefficient estimates (even though these were not used in model calibration). We have modified the sentence in the main text describing these results to make it clear that this is a validation: “The model also estimated rising income together with declining income inequality, the result of increasing levels of social welfare expenditure, and both trends were validated by estimates from Statistics South Africa (Figures 2g-h).” Panel b of Figure 2 shows that the model estimates of HIV incidence were also consistent with survey-based estimates of incidence (again, not used in calibration). Although it would be possible to move the validation plots from section 3.1 of the supplementary materials into the main text, our preference would be to not make this change, as the Results section is already quite long. We are willing to reconsider if the editor feels the rearrangement would be of value. 

7. A flow diagram illustrating the key components of the model and their interactions would be helpful.

RESPONSE: We have expanded Figure 1 to provide more detail on the model structure. In addition to panel d (the previous Figure 1, which summarizes the causal pathways), we have added panel a to illustrate the modelling of sexual behaviour, panel b to illustrate the modelling of educational attainment, and panel c to illustrate how sources of household income vary in relation to household members’ ages. The updated Figure is shown in the response to the first comment from Reviewer 1.

8. The reliance on publicly available data is understandable, but the limitations of this data should be acknowledged.

RESPONSE: We have added the following sentence in the discussion of limitations: “Our analysis relies only on publicly available data, but longitudinal individual-level data, such as collected in Health and Demographic Surveillance Systems (HDSSs) [23], may be particularly valuable in validating the model assumptions about effects of socio-economic status on sexual behaviour, fertility and HIV.” 

9. The process of calibrating the model to RCT data needs to be described in more detail. How were the various RCTs selected? How were the intervention effects translated into model parameters? What measures were taken to address heterogeneity across the RCTs?

RESPONSE: The calibration process is described in detail in section 2.2 of the supplementary materials. Section 2.2.1 explains how RCTs were identified from recent reviews. Section 2.2.4 describes in statistical terms how the likelihood was defined, including the random effects to represent heterogeneity across RCTs. The intervention effects in the RCTs are not “translated into model parameters” but rather compared against the model simulation of the trial outcome that might be expected, given a particular set of model input parameters, and the likelihood is calculated as a measure of the agreement between simulated and observed trial outcomes. This is described, together with an example, in the first two paragraphs of section 2.2.4 of the supplementary materials.

10. The rationale for using hurdle distributions for the socio-economic status parameters should be explained more fully.

[bookmark: _Hlk207640086]RESPONSE: We have added the following in the main text: “this [hurdle] was included to avoid excessive prior confidence in the purported causal relationship”. The rationale for using hurdle distributions is further explained at the start of section 2.1 of the supplementary materials. But to make the rationale clearer, we have added the following sentence after the introduction of the gamma prior: “If we were not to include a hurdle (i.e. set θ = 0, to give a more conventional gamma prior), we would be excluding the possibility of a null association, which would be overly optimistic.” We have also added an example of possible alternative prior specifications, and demonstrated how the selection of prior (and hurdle) can influence the posterior estimates (see response to point d by the first reviewer). 

11. The choice of the three intervention types (school support, vocational training, and unconditional cash transfers) needs to be justified. Are these the most promising or widely implemented economic strengthening interventions in South Africa?

[bookmark: _Hlk207640890]RESPONSE: We have added the following sentence in the second paragraph of the ‘Model calibration’ section of the Methods: “Less frequently studied interventions (e.g. savings programmes, food assistance, financial education) were excluded due to limited RCT data available on their effects [31].” This question was also partially answered in the second paragraph of section 2.2.1 of the supplementary materials: “We also excluded studies of savings programmes, if these did not include elements of vocational training [32], and lottery-based interventions [33], in both cases because the hypothesized effect was on future wealth rather than short-term socio-economic improvement.” 

12. The assumptions about how the interventions affect model parameters should be clearly stated.

[bookmark: _Hlk207641737][bookmark: _Hlk207641508][bookmark: _Hlk207641569]RESPONSE: We have added a couple of sentences and modified the sentence describing the modelling of school support, in the paragraph before Table 1: “The school support intervention is assumed to include both material support (e.g. school uniforms, cost of school transport) and non-material support (e.g. attendance monitoring and counselling), both of which reduce the probability of school dropout…. Vocational training is assumed to increase the odds of finding employment in currently unemployed individuals. Cash transfers are assumed to be added to total household income (another potential source of income).” The relevant parameters are also shown in Table 1.

13. The methods for calculating PAFs are described.

RESPONSE: It is not clear if this was a typo (and the reviewer meant ‘not described’), or if the reviewer was merely noting this for completeness. The methods for describing the PAF calculation are described in the second-last paragraph of the Methods section. To make things clearer, we have changed the previous ‘Model scenarios’ heading to ‘Population attributable fractions’ and added a heading before the last paragraph: ‘Future intervention scenarios’.

14. The finding that none of the interventions have a significant impact over 2025-2040 is surprising. The reasons for this lack of impact should be explored in more detail. Is it due to the limited reach of the interventions, the complexity of the causal pathways, or limitations in the model? In the methods section, the author should mention the impact of the selected interventions from previous results/models.

[bookmark: _Hlk207642347]RESPONSE: The lack of impact is likely to be due to all three of the factors that the reviewer mentions (or at least the first two – it is difficult to pinpoint specific issues in the model structure that would cause a lack of input). We showed in Figure 3 that the interventions have only a modest impact on socioeconomic indicators, and we have added further detail to Table 4 showing that that the interventions have almost zero impact on intermediate behavioural outcomes (see the response to the editor’s first comment). When one is dealing with long, complex causal pathways, the intervention impact at the first step in the causal pathway gets diluted at each subsequent step in the pathway. We have added this sentence in the Discussion: “These modest effects on socioeconomic indicators are further diluted at each subsequent step in the causal pathway, so that the final effects on reproductive health outcomes are negligible.” As we noted in the Introduction, there have been no detailed previous models of the impact of economic strengthening interventions on HIV, so it is difficult to incorporate these in the Methods, as the reviewer suggests. However, we have mentioned the results of a relatively simple Brazilian modelling study [34, 35] in the Discussion, and the last column in Table 1 references the results of previous studies that inform our choice of model assumptions about the intervention effects. 

15. The discussion should also consider the policy implications of the findings. If economic strengthening interventions are unlikely to have a significant impact on HIV, STIs, and teenage pregnancy, what other strategies should be pursued?

[bookmark: _Hlk207968349]RESPONSE: It is difficult to identify clear policy implications. We would argue that in the current context, where HIV funding is still ‘ringfenced’ but increasingly constrained, it makes sense to focus HIV spending on interventions that have been shown to be highly cost-effective, e.g. condom distribution, ART and PrEP for key populations [36]. However, in the longer term it makes sense to move away from this ‘siloed’ way of thinking about budgets and programmes, and evaluate the value of economic strengthening more holistically, considering the gains across diverse domains, similar to work pioneered by Remme et al [37] on using cross-sectoral cost-benefit analysis to guide funding allocation across health and other sectors for structural interventions. We see this as a long-term goal both because we currently lack the appropriate analytic tools and because current funding streams are still very disease-specific. We had hinted at this previously in the final paragraph, but have amended this to make it clearer. The final paragraph now starts: “In the short term, and in the context of a dedicated but declining budget for HIV programmes, it would make sense to focus HIV spending on interventions that have been shown to be highly cost-effective in reaching HIV endpoints (e.g. condom distribution, ART and pre-exposure prophylaxis for key populations [36]), rather than economic strengthening. However, economic interventions can have important positive impacts beyond sexual and reproductive health, including on mental health [19, 38-40], tuberculosis [41], child health [42] and social well-being [43]. Ideally, all of these outcomes should be considered when evaluating the impact or cost-effectiveness of economic interventions, and we do not suggest that policy decisions should be based on sexual and reproductive health outcomes alone.” 

16. The authors need to acknowledge that social and environmental factors will also contribute to social wellbeing.

RESPONSE: The comment is not completely clear, but we assume the reviewer is referring to social well-being as distinct from health, and the positive relationship between education and social well-being [43]. We have modified the sentence in the final paragraph of the Discussion: “Economic interventions can have important positive impacts beyond sexual and reproductive health, including on mental health [19, 38-40], tuberculosis [41], child health [42] and social well-being [43].”


Reviewer #3: Leigh Johnson and colleagues used a previously developed agent based model to investigate the role of socioeconomic factors that drive South Africa's high incidence rates of HIV, STI and teenage pregnancies. Examining these socioeconomic factors within a model is important due to the complex relationships between these socioeconomic factors. The agent-based model that was used included the effects of education, employment and per-capita household income on sexual behaviours. Using the model the authors found that that low socioeconomic status accounted for 14% of new HIV infections, 10% of STIs, and 46% of teenage births from 2000 to 2020. However, because of uncertainties regarding effect sizes, confidence intervals around these PAFs are wide. Over 2025-2040, none of the interventions are estimated to have impacts significantly different from zero, due to limited impact on secondary economic outcomes. The authors conclude that although povery is a significant driver of HIV, STIs and teenage pregnancy, precise quantification is challenging. In addition, extrapolating economic strengthening interventions to daily practice is expected to have insufficient impact on socioeconomic status to reduce HIV and STIs significantly at a population level.

The paper addresses a very important topic. I congratulate the authors on a well-designed and performed study. The article is well written. I have one minor comment: please add the national per-capita income in the asbtract as this is an important factor in the analysis.

[bookmark: _Hlk207634006][bookmark: _Hlk207634218]RESPONSE: It is difficult to integrate this detail in the abstract. However, we have modified the following sentence in the Background to include the per-capita GDP: “Although South Africa has a high gross domestic product per capita, by African standards ($6253 in 2024 [44]), it also has the highest level of income inequality globally [45], and is therefore an important setting in which to assess the relationship between socioeconomic status and reproductive health.”


Responses to general technical guidance

* We ask every co-author listed on the manuscript to fill in a contributing author statement, making sure to declare all competing interests. If any of the co-authors have not filled in the statement, we will remind them to do so when the paper is revised. If all statements are not completed in a timely fashion this could hold up the re-review process. If new competing interests are declared later in the revision process, this may also hold up the submission. Should there be a problem getting one of your co-authors to fill in a statement we will be in contact. Please do not add or remove authors without first discussing this with the handling editor. You can see our competing interests policy here: http://journals.plos.org/plosmedicine/s/competing-interests.

RESPONSE: All contributing author statements have been submitted.

* Please upload any figures associated with your paper as individual TIF or EPS files with 300dpi resolution at resubmission; please read our figure guidelines for more information on our requirements: http://journals.plos.org/plosmedicine/s/figures. While revising your submission, please upload your figure files to the PACE digital diagnostic tool, https://pacev2.apexcovantage.com/. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at PLOSMedicine@plos.org.

RESPONSE: All figures have been submitted as separate TIF files.

* Please ensure that the paper adheres to the PLOS Data Availability Policy (see http://journals.plos.org/plosmedicine/s/data-availability), which requires that all data underlying the study's findings be provided in a repository or as Supporting Information. For data residing with a third party, authors are required to provide instructions with contact information (web or email address) for obtaining the data. Please note that a study author cannot be the contact person for the data. PLOS journals do not allow statements supported by "data not shown" or "unpublished results." For such statements, authors must provide supporting data or cite public sources that include it.

RESPONSE: The data on which this study are based are publicly available, and have been referenced appropriately. We have also provided the data from randomized trials, which were used in calibration, in Table S28 of the supplementary materials. We have replaced the previous reference to “results not shown” with a reference to additional results in the supplementary materials. The revised sentence in the main text reads “Proportionate reductions in HIV, STIs and teenage pregnancies are also similar over the 2025-2040 period, i.e. there is no suggestion of the intervention impact waning or improving at longer durations (Table S32).” We have also added section 3.4 in the supplementary materials, which includes Table S32 and provides more detail on the tests of trend.

* We expect all researchers with submissions to PLOS in which author-generated code underpins the findings in the manuscript to make all author-generated code available without restrictions upon publication of the work. In cases where code is central to the manuscript, we may require the code to be made available as a condition of publication. Authors are responsible for ensuring that the code is reusable and well documented. Please make any custom code available, either as part of your data deposition or as a supplementary file. Please add a sentence to your data availability statement regarding any code used in the study, e.g. "The code used in the analysis is available from Github [URL] and archived in Zenodo [DOI link]" Please review our guidelines at https://journals.plos.org/plosmedicine/s/materials-software-and-code-sharing and ensure that your code is shared in a way that follows best practice and facilitates reproducibility and reuse. Because Github depositions can
be readily changed or deleted, we encourage you to make a permanent DOI'd copy (e.g. in Zenodo) and provide the URL.

RESPONSE: We have made the code available on Github at https://github.com/leighjohnson/MicroCOSM. This includes the calibration data (in the CashTransferRCTs, SchoolSupportRCTs.txt and VocationalTrainingRCTs files, which contain the same data as in Table S28 in the supplementary materials) and a Readme file that explains how to run the model. We have added the following sentence in the main text: “All model code and data inputs are available from https://github.com/leighjohnson/MicroCOSM.”

* Please ensure that the study is reported according to the appropriate guideline and include the completed checklist as Supporting Information. When completing the checklist, please use section and paragraph numbers, rather than page numbers. Please add the following statement, or similar, to the Methods: "This study is reported as per [XXXX] guideline (S1 Checklist)."

RESPONSE: We note that there are no specific reporting guidelines for modelling studies, although the editors make some recommendations for modelling studies. We have responded to these points below, but have not submitted a separate ‘checklist’.

FORMATTING - GENERAL
* Abstract: Please structure your abstract using the PLOS Medicine headings (Background, Methods and Findings, Conclusions). Please combine the Methods and Findings sections into one section.

RESPONSE: The abstract is correctly structured.

* At this stage, we ask that you include a short, non-technical Author Summary of your research to make findings accessible to a wide audience that includes both scientists and non-scientists. The Author Summary should immediately follow the Abstract in your revised manuscript. This text is subject to editorial change and should be distinct from the scientific abstract. Ideally each sub-heading should contain 2-3 single sentence, concise bullet points containing the most salient points from your study. In the final bullet point of 'What Do These Findings Mean?', please include the main limitations of the study in non-technical language. Please see our author guidelines for more information: https://journals.plos.org/plosmedicine/s/revising-your-manuscript#loc-author-summary.

RESPONSE: We have added an Author Summary. 

* Please express the main results with 95% CIs as well as p values. When reporting p values please report as p<0.001 and where higher as the exact p value p=0.002, for example. Throughout, suggest reporting statistical information as follows to improve clarity for the reader "22% (95% CI [13%,28%]; p</=)". Please be sure to define all numerical values at first use.

RESPONSE: We have only reported 95% CIs. This is a modelling study, and we are not attempting to test specific hypotheses, but rather to quantify the potential impact of different interventions, and the contribution of different risk factors. Given the objectives and study design, p values are in most cases unnecessary.

* Please include page numbers and line numbers in the manuscript file. Use continuous line numbers (do not restart the numbering on each page).

RESPONSE: We have done this.

* Please cite the reference numbers in square brackets. Citations should precede punctuation.

RESPONSE: We have done this.

FIGURES AND TABLES
* Please provide titles and legends for all figures and tables (including those in Supporting Information files).

RESPONSE: We have done this. However, we are unsure about the preferred approach for the supplementary materials. Currently there is one supplementary file, which includes 20 figures and 32 tables. We assume that the editor would prefer that we just list the one supplementary file at the end of the manuscript, rather than list all 52 figures and tables in the supplementary materials. This can be modified if the editor would prefer we include the more complete list.

* Please define all abbreviations used in each figure/table (including those in Supporting Information files).

RESPONSE: We have done this.

* Please consider avoiding the use of red and green in order to make your figure more accessible to those with color blindness.

RESPONSE: None of the figures include red-green combinations.

SUPPLEMENTARY MATERIAL
* Please note that supplementary material will be posted as supplied by the authors. Therefore, please amend it according to the relevant comments outlined here.

* Please cite your Supporting Information as outlined here: https://journals.plos.org/plosmedicine/s/supporting-information

RESPONSE: We have cited the supplementary material correctly. All references to the supplementary materials now include ‘S1 Text’ (the file in which all supplementary materials are included).

REFERENCES
* PLOS uses the numbered citation (citation-sequence) method and first six authors, et al.

RESPONSE: We have followed the required format.

* Please ensure that journal name abbreviations match those found in the National Center for Biotechnology Information (NCBI) databases (http://www.ncbi.nlm.nih.gov/nlmcatalog/journals), and are appropriately formatted and capitalised.

RESPONSE: We have used the correct abbreviations for journal titles in the reference list.

* Where website addresses are cited, please include the complete URL and specify the date of access (e.g. [accessed: 12/06/2023]).

RESPONSE: We have added the URLs and dates accessed, where relevant. 

* Please also see https://journals.plos.org/plosmedicine/s/submission-guidelines#loc-references for further details on reference formatting.

RESPONSE: We have formatted all references correctly. We have included PMID numbers where relevant, although it was not clear from the instructions if these were necessary.


MODELLING STUDIES

The following list is derived from Geoffrey P Garnett, Simon Cousens, Timothy B Hallett, Richard Steketee, Neff Walker. Mathematical models in the evaluation of health programmes. (2011) Lancet DOI:10.1016/S0140-6736(10)61505-X:

* If pertinent, please provide a diagram that shows the model structure, including how the natural history of the disease is represented, the process and determinants of disease acquisition, and how the putative intervention could affect the system.

RESPONSE: This is included in Figure 1.

* Please provide a complete list of model parameters, including clear and precise descriptions of the meaning of each parameter, together with the values or ranges for each, with justification or the primary source cited and important caveats about the use of these values noted.

RESPONSE: We have done this in Table 1. It is perhaps worth noting that there are many hundreds of parameters in the model, and it is not feasible to detail all of them, but Figure 1 focuses on the parameters most relevant to the current study. Other parameters are explained in the supplementary materials or in previous published description of the model, which we have cited throughout our submission [2, 46, 47].

* Please provide a clear statement about how the model was fitted to the data, including goodness-of-fit measure, the numerical algorithm used, which parameter varied, constraints imposed on parameter values, and starting conditions.

RESPONSE: A brief summary of these aspects is provided in the main text: the ‘Model calibration’ section in the Methods summarizes the Bayesian calibration approach and the likelihood calculation (based on the log difference between the modelled and observed trial outcomes), and Table 1 shows the parameters that were varied in the calibration process. In the supplementary materials we provide more detail: section 2.2 describes the likelihood calculation, section 2.3 describes the numerical algorithm (Sampling Importance Resampling) and the constraints imposed on parameters are shown in section 2.1 (in the case of gamma priors, any positive value is permissible, and in the case of beta priors, any value between 0 and 1 is permissible). The starting conditions for the socio-economic parameters are described in sections 1.1.3 and 1.2.2 of the supplementary materials. 

* For uncertainty analyses, please state the sources of uncertainties quantified and not quantified [can include parameter, data, and model structure].

RESPONSE: We have evaluated parameter uncertainty, and the specific parameters for which we consider uncertainty are shown in Table 1 (as indicated in the footnote, wherever a standard deviation (SD) is specified, this represents a parameter that is varied in the model calibration and uncertainty analysis). We do not consider uncertainty regarding the model structure; structural uncertainty would normally be represented by the comparison of different models, but given that this is a novel area, there are no other models that we can compare against. Uncertainty in the data used in calibration (the randomized controlled trial data) is not evaluated explicitly, but by using a random effect model in the specification of the likelihood, we are implicitly allowing for uncertainty regarding the applicability of the data in the South African setting. 

* Please provide sensitivity analyses to identify which parameter values are most important in the model. Uncertainty estimates seek to derive a range of credible results on the basis of an exploration of the range of reasonable parameter values. The choice of method should be presented and justified.

RESPONSE: In Table 3 we use partial rank correlation coefficients (PRCCs) to show which parameters are most critical to the variation in population attributable fractions, and in the last paragraph of the Results we present similar PRCCs for the intervention impacts. We have also used Bayesian calibration techniques, which are appropriate to determining uncertainty ranges around all model outputs. Both aspects are described in the Methods.

* Please discuss the scientific rationale for the choice of model structure and identify points where this choice could influence conclusions drawn. Please also describe the strength of the scientific basis underlying the key model assumptions.

[bookmark: _Hlk207637067]RESPONSE: We have amended the Background section to clarify the rationale for using a modelling approach: “They [models] also play a role in translating evidence from RCTs, which produce short-term estimates of impact at an individual or community level, into estimates of likely longer-term impact at a population level.” We also added a sentence to explain the rationale for an agent-based model specifically: “Agent-based models, which represent individual-level variation in health risk exposure and outcomes, are well suited to representing complex causal pathways and diverse outcomes, and are increasingly utilized in assessing socio-economic disparities in health [28].” In the Discussion, we have noted the limitation that we have not modelled the influence of income inequality at a community level, and this may have led to us understating the impacts of economic strengthening. We have been rigorous in setting the prior distributions in such a way that they reflect the uncertainty around how much of the observed associations between socioeconomic status and sexual behaviour are truly causal relationships – this is described in section 2.1 of the supplementary materials. In the Discussion, we have also stressed the uncertainty regarding the socio-economic effects on behavioural parameters, and the resulting wide confidence intervals around the model estimates.

* For studies that develop a prediction model or evaluate its performance, please ensure that the study is reported according to the TRIPOD statement (https://www.equator-network.org/reporting-guidelines/tripod-statement) and include the completed checklist as Supporting Information. Please add the following statement, or similar, to the Methods: "This study is reported as per the Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis Or Diagnosis (TRIPOD) statement (S1 Checklist)." For studies using machine learning, please use the TRIPOD-AI checklist. When completing the checklist, please use section and paragraph numbers, rather than page numbers.

RESPONSE: This is not applicable to our submission. Our model is not a model for diagnosis or prediction of individual-level outcomes, and we do not have the relevant data to validate predictions.
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