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	We developed an agent-based simulation model of Mycobacterium tuberculosis transmission in the Kivalliq Region of Nunavut, Canada. This model represents individuals within a simulated environment, and their interactions, movements, decision-making, and related health states. The region, with a total population of 8955 in 2011, encompasses seven communities, ranging in size from 310 to 2320 people [1]. We used an agent-based approach to account for the small population size. This approach allowed us to model the unique household and community structure in this region, and to record the health states and treatment histories of individuals over time. The model was constructed using the AnyLogic software package (http://www.anylogic.com/). Model parameters were region-specific, wherever possible, or derived from the biomedical literature. 
[bookmark: _Toc274915089]Population and Community Structure
	On model initiation, individuals were assigned an age, sex, household, and community. The initial age distribution of the population was based on 2001 Canadian census estimates for the Kivalliq Region [2]. Each individual was assigned to one of seven communities. Community sizes reflected the Kivalliq region: 3 larger communities (containing ~24% of the population each), 2 intermediate-sized communities (containing ~10% of the population each) and 2 small communities (containing ~4% of the population each). Each individual was also assigned to a household. Household size was assumed to be Poisson distributed with a mean of 4 people per household [1,3]. Each household was located within a community. We assumed that new households were added annually, at a rate estimated from historical census data on change in number of private dwellings in the region [1,3]. The total number of households on model initiation was 1890. Sex and age-specific mortality rates were based on Nunavut life tables [4]. Upon death, individuals were removed from the model population. 
	Women aged 15-44 gave birth at a rate equal to the Nunavut live birth rate [5]. During a woman’s first birth event, there was the option for the mother and infant to relocate to a new household and community, to ensure that there were no unoccupied households in the model (due to death of occupants or addition of new households). If there were no empty households, newly born individuals were added to their mother’s household and community. When there were empty households in the model, mother-infant pairs were reassigned to the new household (and community). Each newly established household was assigned a household size (using the same distribution as upon model initialization), and other individuals from within the community were randomly selected for relocation to this new household. Additionally, periodically throughout the year, empty households within a community were filled by randomly relocating individuals from within a community to these households, until the assigned household size was reached. 

[bookmark: _Toc274915090]Natural History of Tuberculosis
	The TB natural history component of the model (Figure 1) represented each individual’s health state over time and incorporated the following stages: susceptible, latent infection, active disease, and resusceptible. This component of the model was based on a model of TB transmission developed by Abu-Raddad et al. [6]. The model also included an ‘on-treatment’ state for individuals with active disease who had been diagnosed and were receiving treatment. Parameters describing the transitions between states are presented in Table 1. To capture age-related differences in TB infection, progression, and management, we classified individuals aged <15 years as ‘children’, and those aged ≥15 as ‘adult’. Susceptible individuals became infected by a transmission event following contact with an infected member of their social network. We assumed that the majority of transmission of TB occurred within the household. We also included the community network (encompassing all persons living within an individual’s community) to allow for the investigation of the contribution of casual community contacts to TB transmission. Within the community network, we implemented age-assortative mixing: children (<15 years) mixed only with other children, while adults mixed with other adults. Mixing within these groups was assumed to be random. Upon infection, individuals entered the latent infection state. This state could be fast or slow progressing, reflecting the fact that the majority of individuals remain latently infected for a long period of time without progressing to clinically-apparent infection (‘latent slow’), whereas some cases develop clinical disease rapidly (‘latent fast’). Slow progressors could not develop active disease in the first 5 years after infection [7,8]. Upon progression to active disease, individuals could develop pulmonary disease of low or high transmissibility, or extrapulmonary disease. The proportion of individuals entering the high and low transmissibility states were based on data from Kivalliq, with individuals with smear positive TB assigned to the high transmissibility state. Children with pulmonary TB were more likely to enter the low transmissibility state than adults. We assumed that low transmissibility pulmonary TB was less infectious than high transmissibility TB, and that extrapulmonary disease was not infectious to others. Individuals left the active TB state via spontaneous recovery without treatment, diagnosis and treatment, or death. 
	For simplicity, we assumed all active cases were correctly diagnosed and initiated treatment. Upon initiating treatment, individuals were assumed to no longer be infectious. Time between developing active TB and starting treatment differed depending on disease presentation (assumed to be shorter for highly transmissible TB). Time on treatment was estimated from treatment data for the Kivalliq region, with a proportion of individuals lost to follow-up.  
	The model included re-infection, and adopted the approach of previous models [6,9] in assuming that successful treatment of or recovery from active or latent TB provided a degree of protection against re-infection.
[bookmark: _Toc274915091]Contact Tracing and Latent Tuberculosis Infection Screening
	In the absence of data on latent tuberculosis infection (LTBI) screening in Kivalliq, we used estimates for Iqaluit, Nunavut on annual passive screening for TB [10]. We assumed that susceptible, latently infected and undiagnosed individuals with no prior history of treatment for LTBI or active disease could undergo screening (with screened individuals randomly selected from the population). Those diagnosed with LTBI and aged >6 months and <65 years could receive treatment. The treatment completion rate was estimated from the literature [10,11]. Those diagnosed with active disease entered the appropriate active disease under treatment state. Based on Canadian guidelines, previously treated individuals were not subjected to passive screening and were not offered re-treatment for LTBI [11]. 
	Data on contact tracing completion and outcomes for the province of Saskatchewan were used to estimate the baseline timeliness of contact tracing in Kivalliq [12]. Given the model structure (i.e., random transmission within the community), we assumed that only household members of diagnosed index cases were identified for contact tracing. We assumed that household contacts with LTBI (meeting age and treatment history criteria) were offered treatment, with the same proportion as above completing treatment [10,11]. 
[bookmark: _Toc274915092]Model Calibration
[bookmark: _Toc274915093]	We used model calibration to estimate the number of individuals with latent, undiagnosed or previously treated TB upon model initiation, as well as the annual number of respiratory contacts sufficient to transmit infection. In the absence of data on the demographic characteristics of individuals with latent, undiagnosed active, or previously treated TB, we assumed that the initial number of people in each of these states was distributed randomly in the population. In our base case, we assumed that 5% of respiratory contacts sufficient for transmitting TB occurred within the community. To account for model stochasticity and enable comparison between interventions, we assigned a fixed seed and tested 1000 parameter sets (selected from the range presented in Table 1); the best parameter set was determined by minimizing the least squares difference between cumulative model-projected diagnosed pulmonary TB cases and reported pulmonary TB cases for the Kivalliq region between 1999 and 2012. As we were interested in exploring the impact of assumptions around the role of community transmission on TB dynamics in this setting, we repeated the calibration process assuming that 1% or 15% of respiratory contacts occurred within the community. This process was replayed 10 times, to generate a total of 10 best-fit parameter sets for each value of community transmission. 
Supplementary Analyses
	Given the variability in projected TB dynamics in the 10-year period following the model calibration period, we conducted additional analyses to assess the robustness of our findings. To do this, we used two approaches.
Approach 1.
	In the first approach, we applied the interventions during the 14-year period for which we have surveillance data, a period for which we know that there was significant TB activity in the region. In other words, we asked the question: ‘what would have happened to TB transmission in Kivalliq between 1999-2012 if we had been able to apply each of the different proposed interventions?’ The model was calibrated as described above, under the base case assumptions. For each of the best-fit parameter sets, the model was then re-run with each of the proposed interventions implemented. We compared the cumulative number of incident and diagnosed active TB cases projected to occur in the presence of each intervention to the number that occurred in the base case. 

Findings were generally consistent with those in our main analysis (Supplementary Figure 1), although the increased housing scenario had a clearer impact on reducing active TB cases. 
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Supplementary Figure 1. Projected change in TB incidence and diagnoses if different TB control interventions had been applied during the time period 1999-2012. The midpoint of boxes represents the median percent change in the outcome of interest, relative to the base case, with the upper and lower bounds representing the 25th and 75th percentiles of percent change, respectively and the bars indicating 1.5 times the interquartile range. Results are based on cumulative outcomes over the 14-year time period, assuming 5% respiratory contacts occurring in the community. Intervention details are provided in Table 2. 
Approach 2. 
	In the second approach, we used a different method to select well-calibrated model realizations and implement interventions. During the calibration process, the parameters describing number of respiratory contacts, as well as initial numbers of individuals with latent, undiagnosed, or previously treated TB were varied within the ranges described in Table 1. For each intervention, we ran ~5,000 simulations and selected (based on mean squared error) a total of 100-200 simulations that best fit the surveillance data describing case detections of pulmonary TB in Kivalliq between 1999 and 2012 (Supplementary Figure 2). 
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Supplementary Figure 2. Model calibration. Model-projected (A) cumulative and (B) annual cases of pulmonary TB (median: solid line; minimum/maximum: dashed lines) compared to surveillance data (circles) for the Kivalliq region of Nunavut. Results are based on ~1200 model realizations, assuming that 5% of respiratory contacts sufficient for transmitting TB occur within the community.  
These best-fit simulations were then used for the analysis of each intervention. Intervention impact was measured as cumulative incidence of TB and diagnoses of active cases over a 10-year period. We calculated the mean and 95% confidence intervals. Note that, in contrast to the main analysis, we are not considering the relative impact of the interventions (as we are no longer comparing intervention impact within a specific outbreak trajectory), but instead are presenting absolute numbers of cases. This approach was applied to the 5% and 15% community transmission scenarios, assuming a 10-year time horizon. The absolute numbers of projected cases were approximately 10-fold higher in the 15% community transmission scenario.
	For both the 5% and 15% community transmission scenarios, rapid treatment was projected to significantly reduce the number of incident TB infections and diagnosed active cases, relative to the base case (Supplementary Figures 3 and 4). The other interventions evaluated did not have an appreciable impact on TB burden. 
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Supplementary Figure 3. Projected impact of different interventions on TB burden using alternate calibration approach, assuming 5% community transmission. (A) TB incidence and (B) diagnoses of active cases over a 10-year intervention period were evaluated assuming that 5% of respiratory contacts sufficient to transmit infection occurred within the community. Results are based on 200 realizations of each intervention scenario and are presented as mean values with corresponding 95% confidence intervals. Intervention details are provided in Table 2 of the main text.  
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Supplementary Figure 4. Projected impact of different interventions on TB burden using alternate calibration approach, assuming 15% community transmission. (A) TB incidence and (B) diagnoses of active cases over a 10-year intervention period were evaluated assuming that 15% of respiratory contacts sufficient to transmit infection occurred within the community. Results are based on 100 realizations of each intervention scenario and are presented as mean values with corresponding 95% confidence intervals. Intervention details are provided in Table 2 of the main text.  
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Cumulative cases of pulmonary TB

120
—Model .

® Surveillance data ’

1

100

o
o
1

(o))
o
1

AN
o
1

N
o
1

O I I I I I I I
1998 2000 2002 2004 2006 2008 2010 2012 2014

Year









0 

20 

40 

60 

80 

100 

120 

1998  2000  2002  2004  2006  2008  2010  2012  2014 

C

u

m

u

l

a

t

i

v

e

 

c

a

s

e

s

 

o

f

 

p

u

l

m

o

n

a

r

y

 

T

B

 

Year 

Model 

Surveillance data 


image6.emf
Projected number of incident TB infections
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Projected number of diagnosed active TB cases
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Projected number of incident TB infections
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Projected number of diagnosed active TB cases
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Projected number of diagnosed active TB cases
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Cumulative cases of pulmonary TB
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