Supplementary Text S1. Statistical estimation of sample size.
We calculated the number of person-years in each arm of the trial based on incidence rates and on proportional hazards. We calculated the sample size of the trial necessary to estimate a VES of 0.8 with a statistical power of 0.9 (z2) and a significance level of 0.05 (z1) [33]. Based on incidence rates, the required number of person-years y to detect a minimum VES against the primary clinical endpoint of 0.3 was calculated as
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where RR represents the relative risk of the trial endpoint for the vaccine arm compared to the placebo arm (RR = rv / rp) and  represents the relative risk in the vaccine arm at the lower limit of efficacy that is desired (RL = 1 – VES,min). This ensured a high probability that the lower bound of the confidence interval excluded RRL. Based on proportional hazards, we calculated the total number of participants as
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where pv and pp represent the proportion of participants in the vaccine and placebo arm, respectively, and pE the overall probability of the event occurring during the trial period. 

To calculate the sample size from the virtual phase-III trial, we needed an estimate of the annual incidence rate within the study period (rp). In field trials, this is often calculated from historic reports or field studies performed before the trial. Because incidence over the course of a trial (especially a single-site trial) can often differ from incidence estimated under either of those two assumptions, we took additional steps to ensure that our analyses would be properly powered so that we could isolate effects of heterogeneous exposure to the greatest extent possible in our analyses. To do so, we calculated the sample size of the trial based on the average rp obtained from several sets of simulations of the model in the trial period (mid 2009 to mid 2010). First, from 1,000 simulations of the model, we calculated the true incidence rate of symptomatic disease during the trial period, which was on average 0.103 in children and 0.083 in adults. We then performed simulations of the trial surveillance protocol to determine that, on average, 46% of episodes of symptomatic disease among trial participants would be detected, due to underreporting and false-negative PCR tests. Thus, among trial participants, we expected rp to be 0.047 among children and 0.038 among adults. 

With a dropout rate of 0.1 and 12 months of follow-up, we applied eqn. S1 to obtain a required sample size of 2,324 people distributed evenly across the two arms of the trial. This implied that at least 68 cases that meet the clinical criteria associated with the primary endpoint were needed to attain 0.9 power. Based on eqn. S2, we calculated the total number of participants in the trial distributed equally between both arms (pp = pv = 0.5). The overall probability of a dengue case was represented as the sum of the incidence rates in each arm (pE = rv + rp). With a dropout rate of 0.1 and 12 months of follow-up, the number of participants was calculated as 2,074. The sample size was similar for both approaches. To ensure a statistical power of 90% from both approaches, we set the number of participants to the largest of both calculations (2,324). This sample size is small compared to other field trials because Iquitos experienced invasion of DENV-4 during the simulation trial period and because we were able to anticipate the number of cases during the trial with complete prescience, which would be unfeasible in a real field trial. Although uncertainty about attack rates during a trial is of major importance for trial planning, we purposefully removed this source of uncertainty to focus on our driving questions about heterogeneous exposure.

[bookmark: _GoBack]Supplementary Text S2. Agent-based model of dengue virus transmission.
An ABM consists of “agents” (in this case, people and mosquitoes) who interact with each other in a shared environment. The environment of our model was represented by climate conditions and a set of locations, such as houses, schools, parks, cemeteries, and churches. Climate conditions affected mosquito biting frequency, survival, and incubation time of DENV. Locations included structures with geographic characteristics that represent the central portion of Iquitos, where prior data collection was most intense and where vaccine trials would be most likely to be conducted. Agents represented approximately 200,000 individuals that live in this area in 38,835 households, which were recorded in a geographic information system [42,43]. 

Our synthetic population realistically portrayed the population of Iquitos in terms of demographic characteristics of how people are distributed across houses and over time. Specifically, the demographic profiles of the modeled households were consistent with survey data collected during a previous study [11]. The population-wide sex and age distributions were consistent with U.N. estimates for Peru. To represent population changes in time, we simulated human births and deaths that match those estimated by the U.N. for Iquitos, while simultaneously preserving realistic household compositions by placing newborn children in houses with appropriately aged mothers as determined by U.N. estimates of age-specific fertility of Peru [42]. For each person, we simulated daily human movement patterns with a model previously described by Perkins et al. [16], which was fitted to data from retrospective, semi-structured interviews of residents of Iquitos [44,45].

Adult mosquitoes emerged from their aquatic development phase at different locations and immediately sought humans on whom to blood-feed. We calculated daily emergence rates with a combination of empirically derived estimates of temperature-dependent adult mosquito death rates [49] and spatiotemporal estimates of Ae. aegypti density in Iquitos [50]. Adult mosquitoes blood-fed on humans who were co-located with a mosquito during its time of blood-feeding at rates informed by empirical relationships with temperature [51,52]. Each day, mosquitoes moved to adjacent locations based on a probability of 0.3, consistent with another agent-based model of Ae. aegypti population dynamics in Iquitos [48].

The transmission of DENV to humans, and to mosquitoes, occurred through mosquito bites. The probability of transmission from humans to mosquitoes was determined by the viremia levels of the infecting human at the time of the bite [56]. After completion of a temperature-dependent extrinsic incubation period [55], infectious mosquitoes transmitted DENV to susceptible humans with a fixed probability of 1.0 [54]. Infected humans became infectious and, with a probability informed by empirical studies [63], developed symptoms following a latency period linked to the timing of peak viremia [55]. After recovering from infection, humans gained permanent immunity to the infecting serotype and temporary immunity against heterotypic infections for a period of time. The duration of temporary immunity was exponentially distributed across people with a mean of 686 days, as estimated by a previous model-based analyses of serotype-specific dengue incidence time series [57]. We assigned the initial level of population immunity to each serotype in the population based on estimates by Reiner et al. [27].
