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Description of different components of the model that were tested
We performed several sensitivity analyses to test the robustness of our model assumptions. We examined different components of the model, including our method of imputing missing data, the addition of small values to the reported death counts prior to log-transformation (to avoid taking the log of zero), the duration (or inclusion) of waning immunity, and the inclusion of chronic carriers in our TSIR models. We determined the impact of these assumptions on the seasonal and long-term transmission parameters, the relationship with the overall investment variables identified by the hierarchical regression models, and estimates of the heterogeneous mixing parameter (). The results of these sensitivity analyses can be found in S21-36 Figs and S8-10 tables.
Missing data
To address the issue of missing data, we had to make some decisions about what the meaning of the missing values might be. In many instances, cities only reported typhoid deaths if there were any; however, we had to differentiate between these zero counts and truly missing data points. For the primary analysis, we used a cut-off of 13 consecutive weeks to differentiate between when missing values represented zeros versus missing data. If there were fewer than 13 weeks of missing death counts, the data points were coded as zeroes, and if there were more, we used Kalman smoothing to impute the missing values based on the previous observation and the “filter,” updated at each time point (1, 2). Since this 13-week cut-off was arbitrarily chosen, we also fit the TSIR models using an 8-week and 26-week cut-off and compared the results.
Log-transformation
Some of the death counts were zero, which posed a problem for the logarithmic transformation in our main TSIR model equation. In our main analysis, we added one to every data point to preserve the shape of the distribution. As a sensitivity analysis, we re-ran all of the models instead adding 0.5 to every data point to compare the impact of this assumption.
Duration of immunity
Waning of immunity against typhoid infection is poorly understood. While epidemiological studies and human challenge studies indicate that individuals can be re-infected with typhoid after approximately one year, mathematical models of typhoid infection consistently estimate that immunity to typhoid disease is long-lived in order to explain why the incidence tends to decline with age, particularly in high incidence settings. We assessed the assumption of waning immunity in our model, fitting additional models assuming only one year of immunity following infection and models with no waning of immunity (i.e. lifelong immunity following infection).
Chronic carriers
In fitting the TSIR models, we noted that the heterogeneous mixing parameter ( was lower than estimated for other pathogens (e.g. measles) using TSIR models (3). We hypothesized that this was likely due to the contribution of long-cycle transmission in the epidemiology of typhoid, i.e. transmission from chronic carriers and the environmental reservoir. To test this, we compared the  values estimated for TSIR models without waning immunity, without chronic carriers, or without either, and in the simple TSIR model (Equation S1).
Results of sensitivity analyses
The results of the analyses in this study were generally robust to the changes in the assumptions examined. The seasonal transmission rates remained almost unchanged, regardless of variations in missing data imputation, addition of small amounts to the reported death counts, and duration or exclusion of waning immunity (S21-36 Figs, top half of panels).
The long-term transmission rates mostly retained their overall shape, but the scale of the transmission rate changed in some instances (S21-36 Figs, bottom half of the panels). However, the results of the hierarchical regression models with the overall financial variables were all quite similar, and results were mostly within 2% of the original estimates (S8-9 Tables). 
[bookmark: _GoBack]The heterogeneous mixing parameter varied slightly between the different models, but mostly kept their order between cities (S10 Table). New Orleans, New York, Philadelphia, and Pittsburgh typically had the highest estimated  values regardless of the model formulation. The highest  values were estimated for the model with no immunity, suggesting that there may be some identifiability issues between the duration of immunity and the heterogeneous mixing parameter. Nevertheless, our results were robust to different durations of immunity, as noted above. Removing chronic carriers from the model generally led to estimated  values closer to zero, as expected, suggesting typhoid incidence is less dependent on acute cases in the previous generation. This suggests that long-cycle transmission of typhoid, which does not occur in direct proportion to cases in the previous generation, can help to explain some of the lack of autocorrelation in the data. Long-cycle transmission may be related to cases occurring two to three generations prior (since evidence suggests typhoid bacteria is not long-lived in the environment (4)) and/or cases residing in surrounding populations that could contaminate water catchment areas, which would not be captured by our model.
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